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Executive Summary 

This report presents an assessment of the potential for impacts to fish and invertebrate marine 

life due to water withdrawals at Moss Landing in Monterey Bay, California associated with the 

proposed operation of an ocean water desalination facility by DeepWater Desal (DWD) LLC. 

The Central Coast Regional Water Project (CCRWP) proposed by DWD would have a 

maximum intake requirement of 63 million gallons of seawater per day (MGD) with an interim 

phase capacity of 25 MGD. The proposed location of the intake for the desalination facility is 

unique due to its proximity to a submarine canyon, the Monterey Submarine Canyon (the 

Canyon), which reaches close to the shore at Moss Landing. DWD has proposed to construct an 

intake pipe to withdraw seawater from depths significantly deeper than a traditional seawater 

desalination facility at the head of the Canyon.  

The objectives of this study were to assess: 

1. the potential for impacts to fish and invertebrate marine life due to larval entrainment 

through the CCRWP’s feedwater intake pipe, and  

2. the potential benefits of a deep water intake design in relation to the entrainment of 

marine fish and invertebrate larvae.  

The information in this report will be used as part of the compliance assessment with California 

State Water Code Section 13142(d), which states that “independent baseline studies of the 

existing marine system should be conducted in the area that could be affected by a new or 

expanded industrial facility using seawater in advance of the carrying out of the development.” 

The proposed intake for the CCRWP is not subject to regulation under the Federal Clean Water 

Act Section 316(b), or the California Statewide Water Quality Control Policy on the Use of 

Coastal and Estuarine Waters for Power Plant Cooling. However, California regulatory agencies 

have generally required that 316(b)-type studies be conducted for ocean intakes at coastal power 

plants and desalination facilities in California.  

Study Rationale and Methods 

Withdrawal of ocean water for industrial uses can result in environmental effects due to 

impingement and entrainment of aquatic life. Impingement of larger organisms occurs when they 

are trapped against the screening systems commonly used at intake entrances, and entrainment 

mortality occurs to smaller, generally planktonic, marine organisms when they pass through the 

screening system into the industrial facility. The planned use of a wedgewire screen on the 

desalination feedwater intake, coupled with low intake water velocities, would eliminate any 

significant effects of impingement. Therefore, this study addressed the potential effects of 

entrainment on larval fishes and certain larval invertebrates with a study design similar to that 

used for much larger intakes associated with coastal electric generating facilities, and also for 

other proposed coastal desalination facilities located elsewhere in California. At full phase 

design, the CCRWP intake will entrain 238,481 m
3
 per day (63 MGD) of seawater with an intake 
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volume of 94,635 m
3
 per day (25 MGD) for the interim phase of the project. This study assesses 

the potential impacts from entrainment for both design phases. 

The location of the project at the head of 

the Monterey Canyon offers the 

opportunity to access deep water close to 

shore. The close proximity of the Canyon 

to the shore at Moss Landing reduces the 

length of pipe needed and the subsequent 

pumping demands in accessing deeper 

water compared to locations not adjacent 

to a submarine canyon. This results in a 

more efficient, low impact (economic and 

environmental) deep water intake design. 

The second advantage to this location is 

the presence of an internal tide at this site. 

Unlike a surface tide that results in the rise 

and fall of the surface of the ocean, the 

internal tide such as the one occurring at 

the head of the Monterey Canyon results in the rise and fall of a layer of cold, dense seawater 

trapped below the sea surface. The interface (thermocline) between the deeper, colder water and 

warmer surface waters rises and falls twice per day at the head of the Canyon, immersing the 

proposed intake site in cold deep water as it does so. Based on other studies, larval fish are 

expected to occur predominantly in surface waters, partly because that is where the adults live 

and spawn, and also because there is more food for larval fish in shallower waters that have more 

sunlight and subsequently richer planktonic ecosystems within which these larvae feed. This 

potentially offers a unique opportunity to reduce the entrainment effect of an intake by accessing 

deeper water in this way. 

In order to determine the potential effects of the proposed intake on larval fish and target larval 

invertebrate taxa, biological and oceanographic data were collected from June 2012–June 2013 

at representative intake locations (I2 and I3) and at nearby source water stations (SN and SS) 

(Figure ES-1). These plankton samples provided a baseline characterization of the potentially 

entrainable larvae. These data were used to estimate the number of larvae that may be entrained 

by the proposed intake annually, and also to calculate the proportional mortality (PM), which is 

the proportion of a defined population that would theoretically be lost due to entrainment 

mortality.  

 

Figure ES-1. Location of Intake and Source Water 

Stations for plankton sampling. 
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The premise of the potential benefit of a deep water intake design in reducing entrainment is that 

the larval fish concentrations at the depths proposed for the CCRWP are less than the 

concentrations at shallower depths proposed for other desalination plants in California. In order 

to test the hypothesis that a deeper intake may entrain less fish, a statistical comparison was 

made between the larval fish concentration at two depths. Plankton samples were taken in 

continuous tows from the surface to a maximum depth of 40 m (131 ft), and from the surface to a 

maximum depth of 25 m (82 ft), at the 

four stations offshore from Moss Landing.  

Samples were collected at each station and 

for each depth once during the day and 

once at night. Flow meters mounted in the 

center of the opening of each net frame 

measured the actual volume of water 

filtered through each net and allowed for 

calculations of larval concentrations in 

each sample (Figure ES-2). Preserved 

samples from the field were returned to 

the laboratory, where they were examined 

under a dissecting microscope and all fish 

larvae and target invertebrate larvae were 

removed, counted, and identified to the 

lowest possible taxonomic level. Notochord length (NL) was determined for a representative 

number of larval fish for each taxon. These measurements were determined and recorded for up 

to 50 specimens from each taxon during each survey using a video capture system and image 

analysis software. These data were used to determine the age of the larval fish captured. 

Individuals longer than 30 mm (1.18 in) were considered non-entrainable because they would not 

normally be susceptible to entrainment due to their size. A detailed QA/QC program was applied 

to all laboratory processing.The method of assessment applied in this study is called the 

Empirical Transport Model (ETM) and is the primary method used in assessing the entrainment 

effects of ocean water intake systems in California (Steinbeck et al. 2007). The goal of the ETM 

is to produce an estimate of proportional mortality (PM), which is the proportion of larvae lost 

from a source water population due to entrainment. This is calculated for individual target taxon 

that are selected based on those fishes that were found to be most abundant in the samples. These 

taxa provide the most accurate estimate of PM because they are in greater number. They also 

provide a more conservative estimate of the impact as the scale of entrainment is greater than 

other species that are less abundant at the intake site.  

In this study, the most abundant fish from the 40 m deep tows at the two intake stations where 

selected, as these samples best represented the larval fishes likely to be entrained based on the 

proposed depth of the intake. The six taxonomic groups (taxa) of fishes that met these criteria 

were: northern anchovies (Engraulis mordax), white croaker (Genyonemus lineatus), the CIQ 

goby complex, sanddabs (Citharichthys spp.), the blue rockfish complex (Sebastes spp. V) and 

 

Figure ES-2. Bongo frame and plankton nets used to 

collect fish and shellfish larvae at the intake and in 

the source water. 
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the KGB rockfish complex (Sebastes spp. V_) in order of total abundance. Together these six 

taxa comprised approximately 83% of the total estimated fish larvae sampled in the 40 m deep 

tows at the intake stations during the June 2012–June 2013 study period. Also included in the 

assessment were Cancer crab megalops, which includes the edible species of rock crabs. Market 

squid (Doryteuthis opalescens) paralarvae were also observed in lesser numbers than the 

combined crab larva, however these are not selected for taxa specific analysis in this study. 

The calculation of PM (the output of the ETM) for each larval taxon required an estimate of the 

number of larvae entrained and the size of the source water population from which they were 

potentially entrained. The number of larvae entrained was calculated as the product of the 

sampled larval concentration at the intake location and the volume of water that would be 

entrained by the intake pipe. The source water population in the ETM method is defined as the 

population of larvae that are potentially susceptible to entrainment. This was estimated in this 

study by identifying a source water body from which those larvae could have originated based on 

the larvae being passively dispersed by ocean currents from their point of origin to the intake 

location. The volume of this source water body was multiplied by a larval concentration 

estimated from a sampled source water area to give a source water population size. 

In this study, the total source water population in the ETM was determined in two parts; a source 

water body was determined from dominant surface circulation patterns and an additional source 

water body was derived from the advection of deep, cold water advected from the Canyon onto 

the shelf by an internal tide. The dominant surface circulation in the bay and was empirically 

derived using surface current data from shore-based high-frequency radar stations (CODAR), 

adjusted to reflect sub-surface current speed measured by two acoustic Doppler profilers (ADCP) 

located in the Monterey Bay. These data were used along with larval ages (days in the plankton 

based on larval size) of each target species to back-track larvae from the entrainment location to 

their point of origin and map the extent of this source water body for each fish species targeted. 

This source water body was combined with a second source of water that consists of relatively 

cold, deep canyon water advected out of the Canyon onto the shelf due to internal tides. This 

latter oceanographic process is documented in both published scientific papers and evident in 

ongoing oceanographic data publicly available through the Moss Landing Marine Laboratories.
1
 

The arrival of this cold, deep canyon water on the shelf at the head of the Canyon at the proposed 

intake location was recorded by a sub-surface array of temperature data recorders moored at the 

head of the Monterey Submarine Canyon. The volume of this additional source water to the total 

source water body is derived from sub-surface currents recorded with an ADCP located at the 

Canyon head. 

In addition to the statistical comparison between the larval fish concentrations at two depths, a 

second statistical comparison was performed to see if the composition and abundance of larvae 

differed between periods when the deep, cold canyon water dominated the regime at the Canyon 

head, and when it was not present and the warmer surface water dominated at the Canyon head, 

as indicated by the temperature data. The 40 m deep samples from the intake stations were 

                                                      
1
 http://seawater.mlml.calstate.edu/index.php 

http://seawater.mlml.calstate.edu/index.php
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assigned to one of three groups based on whether they were sampled during one or the other 

temperature regime, or a mixture of the two water bodies, based on the temperature of the water 

at the canyon head during sampling. Comparisons were made on the abundance and community 

composition of these samples using a multivariate analysis.  

Sampling Results 

There were 7,258 individual larvae sampled in 45 taxonomic groups collected from the 40 m 

deep tows at the intake locations in 14 surveys from June 2012 through June 2013 (Table ES-1). 

Three taxa comprised nearly 80% of the total mean concentration of larval fish collected in these 

towsnorthern anchovy (48.5%), white croaker (25.6%), and CIQ goby complex (5.9%). The 

highest concentrations of larval fishes were observed in fall and winter surveys, with the 

December 2012 survey comprising more than 67% of the total mean concentration of larval 

fishes from June 2012 through June 2013.  

The two tows at each of the stations were analyzed to determine if any differences in larval fish 

concentrations could be detected between depth strata. Statistically significantly greater 

concentrations of total larval fish were detected using ANOVA in the upper 25 m strata when 

compared with the estimated concentration between 25 m and 40 m (f-value=50.44 

prob.=<0.0001).  

The statistical comparison (ANOSIM) of community composition and relative abundance 

between the warm and cold water bodies at the intake indicated a significantly different 

community composition (p = 0.001) between the warm and cold water body samples. The 

SIMPER analysis showed that the average concentrations of fish in the cold canyon water body 

samples were generally lower for most taxa and the average number of taxa collected was also 

lower, although the constituent taxa were essentially the same for both water bodies.   
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Table ES-1. Counts and concentrations of fish larvae and target invertebrate larvae for taxa comprising 

the top 95% of the total mean concentration collected at the two Intake Stations (I2 and I3) on the 40 m 

deep tows from June 2012 through June 2013. 

Rank Taxon Common Name 
Total # 

Collected 
Mean Conc. 
(#/1,000 m3) 

Percent of 
Total Mean 

Conc. 
Cumulative 

Percent 

Fish Larvae      

1 Engraulis mordax northern anchovy 3,616 267.79 48.55 48.55 

2 Genyonemus lineatus white croaker 1,978 140.93 25.55 74.09 

3 CIQ goby complex gobies 341 32.43 5.88 79.97 

4 larval/post-larval fish larval fishes 307 25.58 4.64 84.61 

5 Lepidogobius lepidus bay goby 233 14.75 2.67 87.28 

6 Citharichthys spp. sanddabs 128 9.43 1.71 88.99 

7 Myctophidae lanternfishes 80 7.91 1.43 90.43 

8 Sebastes spp. V blue rockfish complex 106 7.73 1.40 91.83 

9 Osmeridae smelts 56 5.58 1.01 92.84 

10 Sardinops sagax Pacific sardine 46 5.41 0.98 93.82 

11 Ammodytes hexapterus Pacific sand lance 36 4.87 0.88 94.70 

12 Leptocottus armatus Pacific staghorn sculpin 47 3.99 0.72 95.43 

  
33 Other Taxa 284 25.22 4.58 100.00 

 
Totals 7,258 551.62 100.00   

Target Invertebrate Larvae 
     

1 
Metacarcinus magister 
(megalops) 

Dungeness crab 
megalops 

2,145 225.53 69.01 69.01 

2 
Romaleon antennarius/ 

Metacarcinus grac. (megalops) 
Cancer crabs 1,054 80.57 24.65 93.66 

3 Cancridae megalops cancer crab megalops 95 8.42 2.58 96.23 

  
3 Other Taxa 156 12.31 3.76 100.00 

 
Totals 3,450 326.83 100.00 

 
 

Annual entrainment estimates by taxon based on projected intake volumes of 94,635 m
3
 per day 

(25 MGD) and 238,481 m
3
 per day (63 MGD) are presented in Table ES-2. Annual larval fish 

entrainment estimates ranged from 28.6 million to 72.0 million larvae, and target invertebrate 

estimates ranged from 8.8 million to 22.3 million larvae. The annual entrainment estimates do 

not take into consideration the relative reduction due to depth demonstrated in the analysis. 

Instead they assume a more conservative (greater) concentration of larval fish than the 

potentially true concentration. Because of this and because the volume entrained in a year 

represents the maximum volume expected, which may be less than the actual volume, these 

entrainment estimates most likely overestimate the number of larvae potentially entrained in a 

year. 
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Table ES-2. Annual entrainment estimates and standard errors for fish larvae and target invertebrate 

larvae for taxa comprising the top 95% of the total mean concentration collected at Intake Stations I2 

and I3, based on intake volumes of 94,635 m
3
 per day (25 MGD) and 238,481 m

3
 per day (63 MGD). 

  

Annual Entrainment  
(94,635 m3 per day) 

Annual Entrainment 
(238,481 m3 per day) 

Taxon Common Name Estimate  Std. Error  Estimate Std. Error  

Fish Larvae 
 

    

Engraulis mordax northern anchovy 15,224,457 352,648 38,365,623 888,673 

Genyonemus lineatus white croaker 7,734,933 158,257 19,492,026 398,809 

CIQ goby complex Gobies 1,085,411 45,925 2,735,235 115,730 

larval/post-larval fish larval fishes 1,054,559 47,041 2,657,489 118,544 

Lepidogobius lepidus bay goby 670,541 12,999 1,689,764 32,757 

Citharichthys spp. Sanddabs 478,530 10,734 1,205,896 27,050 

Myctophidae Lanternfishes 336,051 22,348 846,849 56,316 

Sebastes spp. V group larvae blue rockfish complex 293,599 13,543 739,870 34,127 

Ammodytes hexapterus Pacific sand lance 213,124 21,838 537,074 55,031 

Leptocottus armatus Pacific staghorn sculpin 178,802 8,483 450,581 21,378 

Oligocottus/Clinocottus spp. Sculpins 1,737 355 4,377 893 

 
33 Other Taxa 1,312,164 

 
3,306,648 

 Totals 
 

28,583,908 
 

72,031,432 
 Target Invertebrate Larvae 

     Metacarcinus magister dungeness crab megalops 5,549,990 234,332 13,985,972 590,518 
Romaleon anten./  
Metacarcinus grac. cancer crab megalops 2,732,482 153,313 6,885,853 386,349 

Cancridae damaged cancer crab megalops 201,489 27,784 507,752 70,016 

 
3 Other Taxa 378,058 

 
952,706 

 Totals 
 

8,862,019 
 

22,332,283 
  

Analysis Results: ETM Estimates 

The ETM estimates of PM for the six taxonomic categories of fish larvae analyzed were all very 

low (<0.1%) (Table ES-3), primarily resulting from the low intake volumes projected for the 

desalination facility relative to the extent of the source water volume in Monterey Bay. The 

largest estimates were calculated for the CIQ goby complex larvae. The intake stations were 

located directly offshore from the entrance to Moss Landing Harbor. During outgoing tides, goby 

larvae spawned inside the Harbor and Elkhorn Slough are flushed out of the Harbor entrance. As 

a result, the concentration of goby larvae was much higher in the samples collected from the 

intake station locations (I2 and I3) when compared to the two source water stations (SS and SN) 

to the north and south. This resulted in higher proportional entrainment (PEi) estimates for this 

taxa group with an average PE that was approximately 80 percent higher than a PE based on a 

volumetric ratio of the intake to sampled source water volumes (volumetric PE). The average 

would be similar to the volumetric ratio if the larvae were, on average, uniformly distributed 

across the intake and source water sampling areas.  
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The results for goby larvae contrast with the results for the two groups of rockfish larvae that had 

the lowest estimates of PM of the six taxa analyzed (0.02% and 0.01% for a 63 MGD intake). The 

average PE estimates for these taxa were less than the volumetric PE reflecting the higher 

concentration of these larvae in the samples collected at the two source water stations when 

compared with the concentrations from the samples at the intake stations.  

Estimates of PE were also calculated for all the fish larvae combined (Table ES-4), although 

these estimates were not analyzed using the ETM due to the mix of species with varying life 

histories and larval durations. However, the results do show that the volumetric PE can provide a 

reasonable estimate of entrainment effects when analyzing taxa groups that are widely abundant. 

In addition to the results from this study, the volumetric PE has been shown to be a good 

approximation for PE at other locations, particularly where the intake is located along a fairly 

homogeneous stretch of coast, such as the sandy beach areas of southern California. In these 

situations, the volumetric PE could be used as an approximation for estimating potential effects 

on other groups of organisms that were not sampled as part of the studies. 

Table ES-3. Average concentration (number per m
3
), sample counts, and annual entrainment 

estimates for taxonomic categories of larval fishes, cancer crab megalopae larvae, and squid 

paralarvae. ETM estimates of proportional mortality (PM) are provided for the six taxonomic 

categories of fishes analyzed for this report. The annual entrainment estimates and estimates of PM 

were calculated based on daily intake volumes of 94,635 m
3
 (25 MGD gal) and 238,481 m

3
 

(63 MGD). PM is also shown in the table as the percentage mortality of the source water population. 

Taxon 

Average 
Concentration 

(# per 1,000 m3) 
Sample 
Count 

Entrainment 
Estimate  
25 MGD  
Intake 

ETM Estimate 
of PM for  

25 MGD Intake 

Entrainment 
Estimate  
63 MGD 
Intake 

ETM Estimate 
of PM for  

63 MGD Intake 

northern anchovy 267.8 3,616 15,224,457 
0.000247 
(0.025%)  38,365,623 

0.000623 
(0.062%) 

white croaker 140.9 1,978 7,734,933 
0.000194 
(0.019%)  19,492,026 

0.000488 
(0.049%) 

CIQ goby 
complex larvae  32.4 341 1,085,411 

0.000433 
(0.043%)  2,735,235 

0.001092 
(0.109%) 

sanddabs 9.4 128 478,530 
0.000110 
(0.011%)  1,205,896 

0.000277 
(0.028%) 

blue rockfish 
complex larvae 7.7 106 293,599 

0.000076 
(0.008%)  739,870 

0.000192 
(0.019%) 

KGB rockfish 
complex larvae 1.5 17 42,701 

0.000034 
(0.003%)  107,607 

0.000087 
(0.009%) 

other fish larvae 91.8 1,072 3,724,277  -   9,385,175  -   

Total fish larvae 551.6 7,258 28,583,908 
 

72,031,432 
 Cancer crab 

megalops 321.1 3,384 8,719,982  -   21,974,348  -   

market squid 5.7 67 142,038  -   357,935  -   
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Table ES-4. Estimates by survey of the total number of larval fishes entrained based on daily intake 

volume of 94,635 m
3
 (25 MGD), estimates of the number of larval fishes in the sampled source water 

by survey, and the resulting estimates of proportional entrainment (PE). Also shown are the average 

of the PEs for each survey and a PE based on the volumetric ratio of the daily intake volume to the 

sampled source water volume. 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source  

Water PE 

Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 14,168 119 290,868,513 17,055 0.0000487 0.0000230 

MLIA05 07/30/2012 18,908 138 822,628,973 28,682 0.0000230 0.0000042 

MLIA06 08/22/2012 13,862 118 422,737,873 20,561 0.0000328 0.0000163 

MLIA07 09/21/2012 16,957 130 558,464,539 23,632 0.0000304 0.0000132 

MLIA08 10/25/2012 33,493 183 1,722,941,931 41,508 0.0000194 0.0000039 

MLIA09 12/13/2012 493,429 702 29,424,595,436 171,536 0.0000168 0.0000031 

MLIA10 01/21/2013 39,638 199 4,042,363,867 63,580 0.0000098 0.0000012 

MLIA11 02/11/2013 45,984 214 2,325,386,580 48,222 0.0000198 0.0000083 

MLIA12 03/28/2013 5,148 72 475,760,456 21,812 0.0000108 0.0000086 

MLIA13 04/11/2013 7,268 85 441,411,794 21,010 0.0000165 0.0000098 

MLIA14 04/25/2013 2,421 49 373,857,580 19,335 0.0000065 0.0000024 

MLIA15 05/08/2013 11,046 105 624,161,481 24,983 0.0000177 0.0000045 

MLIA16 05/29/2013 20,619 144 903,182,915 30,053 0.0000228 0.0000150 

MLIA17 06/14/2013 7,874 89 470,966,480 21,702 0.0000167 0.0000105 

    Average PE = 0.0000208  

    Volumetric PE = 0.0000203  

 

Summary Impact Assessment  

The following criteria are applicable to assessing potential environmental impacts on marine 

organisms caused by entrainment by the proposed CCRWP intake: 

Magnitude of Effects: The proposed location of the intake in deep water off Moss Landing in 

Monterey Bay should reduce the magnitude of effects associated with entrainment. This study 

showed that the concentrations of larval fishes were significantly lower at the proposed depth of 

the intake at 30–40 m (98–131 ft). Also, the intake is located near the head of the Monterey 

Canyon which experiences the advection of cold water up onto the nearshore shelf due to 

internal tides twice per day through much of the year. The analysis comparing the larval fish 

composition during “warm” water periods with “cold” water periods during these internal tide 

events showed that the concentrations and numbers of taxa were significantly lower during these 

cold water periods. This further reduces the impact of an intake at this depth and location. 

Population Distributions: Estimates of proportional mortality due to entrainment were highest 

for CIQ goby larvae, followed by northern anchovy, white croaker, and sanddabs. As discussed 

above, goby larvae are transported into the area of the proposed intake where they are subject to 

entrainment, but the adult populations are found in Moss Landing Harbor and Elkhorn Slough, 
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limiting any effects on this taxon. Northern anchovy are widely distributed throughout the West 

coast of north America and results from the CalCOFI program from sampling in the Southern 

California Bight show that their larvae can be collected far offshore. Therefore, it is unlikely that 

the small intake volume would have any effect on this fish. White croaker and sanddabs are the 

only fishes of the six analyzed that are directly associated with the soft sandy bottom habitat in 

the vicinity of the intake. While not as widely distributed offshore as northern anchovy, both of 

these fishes are widely distributed along the coast of California and would not be expected to be 

affected by the small incremental increase in mortality due to entrainment. 

Species Life Histories: Differing life history strategies among the various taxa should be 

considered when assessing the magnitude of entrainment effects. For example, for pelagic 

species that release planktonic eggs, such as white croaker and northern anchovy, the estimates 

of exposure to risk of entrainment were increased to account for the planktonic egg phase. This is 

in contrast to nearshore species with demersal egg masses such as gobies or rockfishes whose 

eggs are not susceptible to entrainment. As the eggs from these taxa develop and hatch, larvae 

are released directly into open water. Based on the length frequency information collected during 

the study, average lengths of most larvae were skewed toward the small end of their 

developmental range, demonstrating that they were recently hatched and would therefore be 

exposed to entrainment for only a brief period during their larval development. The lack of later 

developmental stages in the samples may also indicate that these taxa demonstrate larval 

behavior that removes them from risk of entrainment as they develop (e.g., settlement to benthic 

habitats or migration into deeper areas). 

Population Abundance Trends: For all species with some fishery importance, the proportional 

mortality due to fisheries, that is the proportional take from the population due to fisheries, or 

natural mortality rates, are far greater than the proportional mortality (PM) presented here. For 

example, the most abundant species collected at the intake stations was northern anchovy, which 

also had the second highest PM after CIQ gobies. The PM for northern anchovy was 0.000247, or 

0.025% of the larval source water population. To contextualize this figure, the best metric for 

changes in population abundance comes from comparisons to commercial fishery statistics. The 

stock is thought to be stable, and the size of the anchovy resource is largely dependent on natural 

influences such as ocean temperature and upwelling strength. Estimates of stock size have varied 

between 359,000 ton (325,679 MT) to 1.7 million ton (1.54 million MT) in recent decades. From 

2004 through 2013, for years when anchovy were commercially landed (7 years) in the Monterey 

Bay area alone, annual landings varied from a high of nearly 13,500 ton (12,247 MT) in 2008 to 

a low of 1,100 ton (998 MT) in 2009.  

The next most abundant species collected at the intake stations was white croaker. Although, 

abundance trends of adult populations of this species have not been recently assessed in 

Monterey Bay, some information is available from catch statistics of the commercial and 

recreational fisheries. The commercial fishery for white croaker is sporadic in Monterey Bay, 

with 65,794 lb (29,844 kg) reported to have been landed commercially in Monterey Bay in 2009 

and 27,364 lb (12,412 kg) in 2004, but no landings reported during the other years between 2004 



Executive Summary 

   

ESLO2013-045.1  

DeepWater Desal  Larval Entrainment ES-11 

 

and 2013. Annual recreational landings in central California, including Santa Cruz and Monterey 

counties, have averaged 36,891 fish per year since 2004. Fishing effort is not constant among 

years, but these numbers indicate that the population probably varies substantially over time 

depending on factors such as recruitment success and natural mortality. 

It should be noted that the total fish per year taken by the recreational and commercial fisheries 

combined is not directly comparable to the total larvae entrained, as fishery statistics refer to the 

number, or weight, of adult fish. Larval fish are subject to large mortality rates prior to 

recruitment, therefore their value to the population, either as total number of individuals or by 

weight, is less. This is why the ETM expresses mortality in terms of the proportion of the source 

population of larvae, rather than the absolute number of larvae entrained, as these comparisons 

are valid. The mortality calculated in this study would be in addition to natural and 

anthropogenic mortalities already subject to a population as a whole. These mortalities from the 

entrainment are so small as to be insignificant additions to the other forms of mortality. This is 

also true for species with no fisheries, such as gobies, as their populations fluctuate annually to a 

much larger degree than the proportional mortalities calculated in this study. These fluctuations 

depend on larval development and recruitment success that are frequently linked to local 

oceanographic conditions, as well as many other factors.  

Environmental Variation: Changes in the distribution and dispersal patterns of pelagic larvae 

are influenced by changes in ocean climate regime and can be expected to occur during either 

anomalously warm oceanographic events such as El Niño or during periods of strong upwelling. 

Variation in upwelling intensity from year to year is one factor affecting spawning and 

recruitment success in fish populations, along with variation in spawning stock size, distribution, 

and mortality rates. Upwelling is correlated with cooler coastal water temperatures, higher 

nutrient concentrations (nitrates, phosphates, and silicates) in surface waters, increased primary 

production, and stronger offshore transport, while the opposite conditions prevail during periods 

of weak or no upwelling. The monthly upwelling index anomaly (developed by the Pacific 

Fisheries Environmental Laboratory) off Monterey indicates the strength of the upwelling 

process outside of the Bay and can be an indicator of the general oceanographic conditions that 

were present in Monterey Bay during the study period in comparison to long-term average 

conditions. The 2012–2013 monthly averages were higher in general than the average index, 

indicating that the upwelling strength was generally larger than an average year, although this 

value was within the variability (±2 standard deviations of the mean) over the last 13 years.  

Conclusions 

The two primary objectives of this study were to assess: 

1. the potential for impacts to fish and invertebrate marine life due to larval entrainment 

through the CCRWP’s feedwater intake pipe, and  

2. the potential benefits of a deep water intake design in relation to the entrainment of 

marine fish and invertebrate larvae.  
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With regards to the first objective, the findings of the ETM assessment indicate that the highest 

estimated proportional mortality (63 MGD intake) would be 0.1% of the source water 

population, defined as the estimated population from which larvae could be entrained. This value 

was for CIQ goby, a complex of three goby species found mainly in shallow tidal channels in the 

upper reaches of lagoons, estuaries and sloughs. Their abundance at the intake is most likely due 

to the larvae being washed out of the Elkhorn Slough by tidal exchange and freshwater flow into 

the Bay. Therefore the larval fish entrained in the intake from this group would be less likely to 

recruit to the adult population as they have been advected away from the adult habitat. Northern 

anchovy and white croaker were both abundant in the samples however their respective 

estimated proportional mortality rates were insignificant relative to natural mortality rates and 

fisheries-related pressure. Both KGB and blue rockfish complexes showed low proportional 

mortality relative to the other taxa analyzed. This was largely attributed to the lower overall 

abundance, and the particularly low abundance at the intake location relative to the rest of the 

source water population. The nature of the seabed and habitats close to the head of the Monterey 

Submarine Canyon is unlikely to be suitable habitat for these taxa, particularly the KGB complex 

that is predominantly made up of kelp associated species. The significant kelp habitats are to the 

northwest and southwest extents of the Bay and it is suspected that larval populations found at 

the intake were from minor rocky habitat close to the Elkhorn Slough and Moss Landing Harbor.  

With regard to the second objective, the findings of the comparison of larval fish concentrations 

from the surface and 25 m with the concentration of larval fish concentrations between 25 m and 

40 m demonstrated that the concentration of total larval fish at the depths from which the intake 

is likely to entrain are less. Therefore constructing the intake pipe to entrain seawater from 30-

40 m will result in a reduction in total larval entrainment relative to the shallower depths typical 

of seawater intake pipes in California. An additional benefit from the depth of the intake is the 

potential reduction in entrainment due to the internal tide dynamics at the head of Monterey Bay 

Canyon. Cold, deep canyon water is advected out of the canyon by the internal tide and this 

process is particularly pronounced at the proposed location of the intake due to the proximity to 

the canyon head. This study demonstrates that the deep canyon water has a reduced number of 

taxa, and a reduced overall abundance. However it should also be noted that the taxa present in 

the deep canyon water is essentially similar to the most abundant taxa in the shallow shelf water.   

In conclusion, a combination of low flows of the proposed intake relative to a large source water 

volume, the abundances and life history characteristics of fish species susceptible to entrainment, 

and the siting characteristics of the intake in deeper water and at the head of Monterey 

Submarine Canyon are among the factors indicating that impacts on the marine environment 

from operation of the proposed CCRWP intake offshore from Moss Landing would be less than 

significant. 
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1.0 Introduction 

DeepWater Desal LLC (DWD) is developing the Central Coast Regional Water Project 

(CCRWP) at Moss Landing, California. The CCRWP will consist of a number of coastal-

dependent industrial uses including a desalination facility that will utilize the water from the 

north rim of the Monterey Submarine Canyon at Moss Landing as a feedwater supply. This 

report presents an assessment of the potential for impacts to fish and target invertebrate larvae 

due to seawater withdrawals associated with the ocean intake for the project. The CCRWP 

seawater intake and discharge will be located in Monterey Bay and the associated facilities will 

be located in Moss Landing, California.  

The location of the seawater intake is unique due to its proximity to a submarine canyon, the 

Monterey Submarine Canyon, which reaches close to the shore at Moss Landing. Utilizing the 

close proximity of deep water near to shore at Moss Landing, DWD has proposed to construct an 

intake pipe to withdraw seawater from depths significantly deeper than other ocean intakes in 

California. This is expected to provide several benefits to the project, including reduced 

environmental impacts and increased operational efficiency.  

The objectives of this study are to assess: 

1.) the potential for impacts to fish and invertebrate marine life due to larval entrainment 

through the CCRWP’s proposed feedwater intake, and  

2.) the potential benefits of locating the intake in deep water with respect to entrainment of 

fish and target invertebrate larvae.  

1.1 Description of the Proposed Desalination Plant 

The proposed desalination plant and associated facilities will be located in Moss Landing, 

California. Moss Landing is located 24 km (15 mi) north-northeast of Monterey on the east side 

of Monterey Bay (Figure 1-1). Moss Landing has a small resident population of 204. The town 

consists of a number of facilities of important socio-economic value to the local area, the 

California economy, and the academic community. Located central to the town, the Moss 

Landing Harbor provides dock space for approximately 600 commercial and recreational vessels. 

The Moss Landing Power Plant (MLPP) is located on the eastern shore of the Harbor. This 

natural gas powered electricity generating plant is owned and operated by Dynegy LLC and has 

a maximum generation capacity of 2,484 megawatts (MW) making it the largest capacity power 

plant in the state of California (http://www.energyalmanac.ca.gov). Moss Landing is also the 

home of two world class research and education facilities in the field of marine oceanography 

and biology—the Moss Landing Marine Laboratories (MLML), a part of the California State 

University, and the Monterey Bay Aquarium Research Institute (MBARI), a private, non-profit 

research center dedicated to research and education in ocean science and technology.  

http://www.energyalmanac.ca.gov/
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Figure 1-1. Location of the CCRWP desalination project in Moss Landing, California. 
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The proposed desalination plant will withdraw water from Monterey Bay via a seawater intake 

pipe. The proposed CCRWP facility is expected to have a maximum intake requirement of 

238,481 m
3
 per day (63 million gallons per day [MGD]), which equals a rate of 166 m

3
 

(43,750 gallons per minute [gpm]) of feedwater supply, with an interim phase capacity of 

94,635 m
3
 per day (25 MGD). The final intake design will incorporate a 2-mm wedgewire screen 

and is designed for a through-screen velocity of less than 15 cm/s (0.5 ft/s). These design 

features incorporate the best available technology for reducing the potential effects of 

impingement and entrainment by open ocean intakes. 

It is proposed to construct the intake pipe opening on the north rim of the Monterey Submarine 

Canyon. The intake pipe will withdraw water from 6.1 m (20 ft) above the seabed and 

approximately 30–40 m (98–131 ft) below the surface.  

1.2 Assessment Overview  

The assessment presented in this report relies on the application of the Empirical Transport 

Model (ETM) (Steinbeck et al. 2007). Entrainment effects from coastal power plants and 

desalination pilot facilities in California are assessed using the ETM on the basis of the 

recommendation and approval from the California Energy Commission (CEC), California 

Coastal Commission (CCC), Regional Water Quality Control Boards (RWQCBs), and other 

regulatory and resources agencies. This model estimates the proportional loss to the standing 

stock of larvae in the source water due to entrainment using an estimate of daily mortality 

calculated as the ratio of the number of larvae entrained to the number estimated in the source 

water. The source water is defined as the area or volume of water from which larvae could be 

subject to entrainment. Source water volumes, feedwater intake volumes, larval concentrations, 

and larval durations are the variables used in the ETM calculations. The calculations are done for 

each taxonomic group of fish larvae (taxon) due to differences in distribution, larval biology, and 

seasonality of spawning among groups. 

The overall approach was to collect data on the concentrations of fish larvae and target shellfish 

larvae in the source water at the proposed intake location using towed plankton nets, the standard 

sampling method for these organisms. Once the average concentrations of larvae were quantified 

over a period of one year, potential impacts to populations of fishes and invertebrates can be 

assessed based on the fractional removal of larvae caused by the nearshore intake and knowledge 

of the individual life histories of the taxonomic groups (taxa). Typically the assessment is only 

done for the most abundant organisms in the samples to ensure that adequate data exist to 

provide reasonable levels of confidence in the abundance estimates. 

Prior to the initiation of this study, Tenera Environmental LLC (Tenera) undertook a preliminary 

assessment of the potential effects of entrainment. The preliminary assessment of entrainment 

mortality used historical data from the Moss Landing Power Plant and other major intake 

assessments in California. Although the preliminary assessment was not considered a substitute 
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for the full intake impact assessment, it was intended to provide an early indication of typical 

entrainment mortalities, some of the methods that are applied in this report, and acted as a 

feasibility study for the scoping of the full intake impact assessment. 

This study is the culmination of discussions between DWD, Dynegy Moss Landing Power Plant 

(MLPP), Tenera, and several other stakeholders. Comments on the study plan and an associated 

preliminary assessment were provided by Dr. Peter Raimondi (UC Santa Cruz) and Dr. Jeff 

Paduan (Naval Postgraduate School). Comments and queries that arose during a meeting 

organized by DWD on July 19, 2012 were also incorporated into the project. Attendance at the 

July meeting included Drs. Raimondi and Paduan in addition to staff from the Monterey Bay 

National Marine Sanctuary (Ms. Bridget Hoover) and the Central Coast Regional Water Quality 

Control Board (Dr. Peter von Langen). The July meeting included a presentation of the project 

status, the preliminary assessment, and several key concepts for consideration in the final project 

design. Additional inputs have been provided by Dr. Erika McPhee-Shaw (Moss Landing Marine 

Laboratories [MLML]) and Dr. Leslie Rosenfeld (Central and Northern California Ocean 

Observing System [CeNCOOS]/Monterey Bay Aquarium Research Institute [MBARI]), which 

were specific to the oceanographic model associated with the ETM. A final Technical Working 

Group (TWG) meeting was held in November 2013 prior to submittal of the draft report. A 

number of key features relating to the method applied in the analysis were presented by Tenera at 

this meeting to Drs. McPhee-Shaw and Raimondi as well as representatives from DWD and 

MLPP. This meeting provided an opportunity for open discussion on the proposed approach 

prior to the formal review process. Regulatory Setting 

This study was undertaken in consideration of State Water Code Section 13142.5(d), which 

states that, “…independent baseline studies of the existing marine system should be conducted in 

the area that could be affected by a new or expanded industrial facility using seawater, in 

advance of the carrying out of the development.” The feedwater withdrawal would not be subject 

to regulation under the Federal Clean Water Act (CWA) Section 316(b) because it does not 

include a cooling water intake structure (CWIS). However, the State Water Resources Control 

Board (SWRCB) recommends that 316(b)-type studies be conducted for open water intakes. 

Section 316(b) requires that the design and operation of a CWIS minimize adverse 

environmental effects due to impingement and entrainment of aquatic life. Impingement of larger 

organisms occurs when they are trapped against the screening systems commonly used at CWIS 

entrances and entrainment occurs when organisms pass through any screening system into the 

CWIS. The planned use of an intake designed using a wedgewire screen with reduced intake 

velocities will eliminate any effects of impingement of larger organisms. Therefore, this study 

addressed the potential of entrainment and did not examine impingement effects. This impact 

assessment study was conducted using sampling and analysis methods consistent with 

Section 316(b) studies done throughout California over the past several years. 
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1.3 Report Structure 

The remainder of Section 1.0 provides a description of the proposed project and the regulatory 

context for this assessment. Section 2.0 provides a description of the marine environmental 

setting near the proposed intake. Section 3.0 describes the methods by which the assessment was 

conducted, including both the field and laboratory activities and the subsequent analytical 

approach. Section 4.0 presents a summary of the data collected as part of the assessment and the 

results of the analysis. Finally, Section 5.0 discusses the information presented in Section 4.0 and 

draws conclusions in relation to the study objectives described above. 
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2.0 Environmental Setting 

This section presents an overview of the environmental setting of Monterey Bay, the proposed 

location of the CCRWP desalination feedwater intake. Section 2.1 describes the geographic 

setting of the site. Section 2.2 describes oceanographic processes in the area of importance to this 

study. Section 2.3 provides an overview of the marine ecology of the area with particular focus 

on the commercial and recreational fisheries in the area. 

2.1 Geographic Setting 

Monterey Bay, California’s largest open-coast embayment, is formed by the extent of shoreline 

between the cities of Santa Cruz and Monterey and by the offshore depths of the Monterey 

Submarine Canyon. The opening of the Bay is 37 km (23 mi) across and 16 km (10 mi) wide. 

Four main tributaries, the Pajaro River, the Elkhorn Slough, the Salinas River, and the San 

Lorenzo River flow into the Bay. The Bay’s immense supply of cold, nutrient-rich ocean water is 

exchanged tidally with the Elkhorn Slough and Harbor. 

Monterey Bay lies within the boundaries of the Monterey Bay National Marine Sanctuary 

(MBNMS). The MBNMS extends from 11 km (7 mi) north of the Golden Gate Bridge to 

Cambria Rock in northern San Luis Obispo County. The MBNMS contains about 643 km 

(400 mi) of coastline and extends an average of 48 km (30 mi) offshore; the total area is 

13,784 km
2
 (5,322 mi

2
). The MBNMS was officially established in 1992 by the authority of the 

Secretary of Commerce under the 1972 Marine Protection, Research and Sanctuaries Act. The 

MBNMS is one of fourteen marine sanctuaries in the United States under the jurisdiction of the 

National Oceanic Atmospheric Association (NOAA) of the U.S. Department of Commerce. 

Monterey Bay is characterized by a gently sloping shelf cut by a system of submarine canyons, 

the largest of which is the Monterey Submarine Canyon (the Canyon). The head of the Canyon 

lies within 100 m (328 ft) of the Moss Landing Harbor entrance and is the proposed location of 

the desalination intake. Within the confines of Monterey Bay, the axis of the Canyon lies, with 

some meandering, in the cross shore direction bisecting the Bay. Between the mouth of the Bay 

and the Canyon head, a distance of approximately 20 km (12 mi), the floor of the Canyon rises 

from 1,000 m to 100 m (3,280 ft to 328 ft). Over the same distance, the Canyon width (defined 

as the distance between the 150 m [492 ft] isobaths on the Canyon rims) decreases from 

approximately 11 km (7 mi) to nearly 2 km (1 mi) (Petruncio et al. 1998).  



2.0: Environmental Setting 

   

ESLO2013-045.1  

DeepWater Desal  Larval Entrainment 2-2 

 

2.2 Oceanography 

2.2.1 Upwelling and Circulation 

The oceanographic character of coastal California is strongly influenced by the process of 

seasonal coastal upwelling. Coastal upwelling occurs along most eastern ocean edges where 

equatorward winds and the Coriolis force move surface waters offshore from the coast. As this 

nearshore water moves offshore, deep, cold and dense water is drawn up from below the surface, 

displacing this nearshore water in the process. In spring, the Aleutian low-pressure system moves 

northwest and the north Pacific high moves north causing strengthening southward winds along 

the western coast of North America. This drives a spring transition to upwelling conditions that 

persist to late summer and into early fall when they weaken and are eventually interrupted by 

northward winds in winter. The seasonally upwelled water that has been drawn from deeper 

depths as the warm water moves offshore appears as a cool band of nutrient rich water along the 

coast inshore of warmer water offshore that flows northward from the equator. The nearshore 

water supports high levels of phytoplankton and higher trophic level production. Typically this 

band of upwelled water is tens of km wide and is separated from the warmer offshore waters by a 

series of fronts, plumes, and eddies that can extend greater than 100 km (62 mi) offshore. Data, 

compiled by Pennington and Chavez (2000) on winds outside Monterey Bay (36.785°N, 

122.469°W), demonstrate this dominant seasonal feature manifesting in Monterey Bay (Figure 

2-1). The data show that winds are generally from the northwest beginning in March (spring) at 

5 to 10 m/s (9.7 to 19.4 kt/s) and lasting through November. The highest equatorward velocities 

are in April and June. Intermittent southerly winds occur from December through early March 

(Figure 2-1).  

 

Figure 2-1. Average wind speed from daily wind data from April 1989 through December 

1996 at NDBC buoy 46042 off Monterey Bay (Pennington and Chavez 2000). 

In Monterey Bay three oceanographic periods are generally defined as follows: (1) 

spring/summer upwelling season from March through July, (2) summer/fall oceanic season from 
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August through September, and (3) Davidson current season through the winter (Pennington and 

Chavez 2000, Olivieri and Chavez 2000). 

A long-term data series (Pennington and Chavez 2000) collected in Monterey Bay 

(36.750°N, 122.020°W) provided averaged data over 7.5 years from April 1989 through 

December 1996 on temperature, salinity, and nitrate levels (Figure 2-2). During the winter 

months of November through January (Davidson current season), the shallow water column from 

the surface to around 50 m (164 ft) in Monterey Bay was relatively unstratified and warm (12.5–

14°C), with low nitrate values (1–5 µM) relative to the rest of the year. During January through 

March, the shallow water column salinity was at the annual minima (PSU = 32.9–33.3). From 

February through April, contours for all properties shoal, marking the spring transition to 

upwelling season. From May through June, water column salinities and nitrate concentrations 

between the surface and 50 m (164 ft) reach their highest annual values 

(PSU = 33.4-33.7; 7.5-20 µM) and surface water temperatures (0-5 m [0-16 ft]) are at their 

minimum (11.5-12.5°C) marking the climax of the upwelling period. From July through August 

surface waters warm (13-15°C) and thermal stratification is evident in the upper water column 

with subsequent deepening of the isotherms and isohalines. This marks the decline of the 

upwelling system in the Bay and is likely attributed to solar warming and weakening northwest 

winds. Beginning in late August, the season transitions to the oceanic period, marked by a sharp 

reduction in salinity (PSU = 33.5-33.6) while maintaining a thermally stratified water column to 

October when the Davidson current season is reestablished. This freshening indicates the influx 

of California Current water to the Bay as the upwelled water recedes during relaxation. This 

occurs as a series of episodes of relaxation that punctuate the upwelling-favorable winds. During 

periods of updelling in this season, the water column stratifies and conditions establish for the 

propogation of internal waves. However as periods of relaxation punctuate the upwelling during 

the fall season, stratification of the water column is disrupted and the internal wave activity 

decreases (Cheriton et al. 2014).  

Circulation patterns within the Bay are highly variable, and whilst mesoscale features of the 

horizontal circulation in the bay have been observed and described, they are not likely to persist 

continuously throughout the year, or even throughout seasons of the year. It is still of value in 

describing these patterns to this study, however, as these intermittent features are likely to 

explain some of the empirically derived patterns observed in this study and convey a background 

against which the empirical data and subsequent findings of the oceanographic modeling can be 

examined.  
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Figure 2-2. Average (A) temperature (in degree Celsius); (B) salinity (PSU); (C) nitrate (in µM) 

from April 1989 through December 1996 in Monterey Bay. Source: Pennington and Chavez 

2000. 
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During the spring and summer upwelling season, a tongue of cold upwelled water originating 

north of Monterey Bay is advected southward across the mouth of the Bay that is visible in sea 

surface temperature data acquired by an Advanced Very High Resolution Radiometer (AVHRR) 

satellite instrument (Rosenfeld et al. 1994). Subsequent surface currents measured by CODAR-

type high frequency (HF) radar data (CODAR) have confirmed a counter clockwise rotating gyre 

concurrent with this influx (Paduan and Rosenfeld 1996) (Figure 2-3). This generates a water 

retention zone in the north part of the Bay that is referred to as the ‘upwelling shadow’. This 

water body is warm and buoyant relative to adjacent water bodies and approximately 10 m 

(33 ft) thick (Graham 1993). A persistent frontal zone at the transition between two water bodies 

occurs that may have important implications for biological processes such as primary 

productivity and larval retention within the Bay (Graham and Largier 1997, Woodson et al. 

2009).  

 

Figure 2-3. Surface currents and sea surface temperatures in Monterey Bay during upwelling in 

August 1994. Source: Paduan and Rosenfeld 1996. 
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Although the dominant flow patterns may be counterclockwise throughout the Bay, occasional 

reversals can occur in these circulation patterns associated with winter storms and changes in the 

predominant wind patterns. Paduan (1998) summarized data cited from Breaker and Broenkow 

(1994) for currents at 9 m (30 ft) depth in water approximately 32 m (105 ft) deep at a location 

approximately 3 km (2 mi) southwest of the Salinas River mouth offshore of the City of Marina. 

Daily average current data indicated occasional reversals in the northerly (counter clockwise) 

flow at this location throughout the fall and winter months. The magnitude of the flow in either 

direction for this depth throughout the year was typically 10-15 cm/s (0.2-0.3 kt) (Figure 2-4).  

 

Figure 2-4. Average daily water direction and speed (scale shown) between the 

surface and 9 m (30 ft) in Monterey Bay, CA offshore of the City of Marina from 

January 1976 through January 1977. Source: Paduan 1998. 

During the period of upwelling relaxation that occurs during the fall months, offshore warmer 

water can be observed returning to the Bay through meanders, filaments, and eddies. Ryan et al. 

(2005) observed a filament of warmer water drawn from the California Current flowing into the 

Bay in September 2002 (Figure 2-5). Buoyant intruding water was relatively chlorophyll poor, 

had lower salinity, and was relatively warm.  
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Figure 2-5. Sea surface temperature from AVHRR satellite data on September 22, 2002 

in Monterey Bay, the surrounding coast and offshore waters. A warm filament (white 

arrow) of the California Current (red arrow) is shown entering Monterey Bay. Source: 

Ryan et al. 2005. 

Paduan and Cook (1997) describe surface currents patterns and sea surface temperatures 

associated with upwelled water across the mouth of Monterey Bay in November 1999 followed 

by a reversal in the winds and a breakdown in the upwelling system leading to incursion of warm 

offshore water. The left panel in Figure 2-6 shows a clear band of cold (blue) upwelled water 

across the mouth of Monterey Bay, established following several days of upwelling-favorable 

winds. Overlaid on this satellite image is CODAR data on surface currents (black arrows) which 

show strong, smoothly varying equatorward flow circulating around a large-scale warm feature 

at the offshore margin of the region. The right panel in Figure 2-6 shows the same type of data 
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measured after a rapid wind reversal immediately following the data shown in the right panel. 

The surface current data indicate that the large-scale circulation pattern breaks down into 

mesoscale (~10 km [6 mi]) circulation patterns during this event and cold water floods into the 

Bay from the south.  

  

Figure 2-6. Sea surface temperature and CODAR-derived surface circulation for Monterey 

Bay, CA in November 1994. The left panel shows currents following a period of prolonged 

upwelling favorable winds. The right panel shows a period following a wind reversal. 

Source: Paduan and Cook (1997). 

2.2.2 Internal Tides and Internal Waves 

The underlying processes driving circulation in Monterey Bay at diurnal, semidiurnal, and 

shorter temporal scales differ from larger temporal scales. Internal tides occur when barotropic 

tidal motions interact with rough topography, disturbing isopycnals and isotherms. This can 

generate baroclinic internal tides which exhibit both vertical oscillations of the pycnocline and 

non-uniform vertical velocity profiles (i.e., telltale reversals in direction of deeper currents) 

(Robertson and Ffield 2005). Submarine canyons on the continental shelf act as conduits for 

focusing and amplifying internal wave energy such as internal tides (Petruncio et al. 1998) and 

this energy is channeled towards the canyon head.  

Shea and Broenkow (1982) described semidiurnal internal tides at the head of the Canyon 

observed in thermistor data recorded in October 1979 in 25 m (82 ft) of water. The data 

demonstrated temperature changes due to the cold, deep water welling up from the Canyon on 
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the internal tide which cycled over a 12-hour period with a 7-hour lag from the tide and an 

estimated tidal height at the Canyon head from 50 m (164 ft) to 120 m (394 ft).  

Paduan and Cook (1997) used CODAR-derived current variance ellipses to describe two current 

patterns: 1) a diurnal (K1) current variation aligned northwest to southeast, and 2) a semi-diurnal 

(M2) tidal-period surface current with oscillations that vary spatially, but demonstrate a general 

pattern of convergence towards the Canyon head. Although the K1 tidal constituent is likely wind 

driven (sea breeze oriented on the Salinas Valley), the internal tide drives the M2 constituent and 

funnels this along the Canyon bathymetry. The strength of the M2 current was largest at the 

Canyon head. Figure 2-7 demonstrates the M2 current patterns derived from CODAR surface 

current data during the flood tide in September 1992. The direction of flow is oriented along 

bathymetric contours, away from the Canyon head and the speed is highest closest to the Canyon 

head. This flow pattern is indicative of baroclinic flow driven by the internal tide moving water 

up Canyon and displacing surface waters at the Canyon head. These result in strong (up to 

15 cm/s [0.3 kt/s]) surface tidal currents directly influenced by the internal tide (Petruncio et al. 

1998). 

Petruncio et al. (1998) confirmed that these currents were the result of internal tides that 

propagate upward and onshore. The generation site for the internal tide has been identified as 

potentially originating at either of two ridges between approximately 20 km and 35 km (12 mi 

and 22 mi) due west of the Canyon head (Petruncio et al. 1998), within the Canyon itself (Kunze 

et al. 2002), or to areas south of Monterey Bay (Jachec et al. 2006). 

The internal waves in Monterey Bay are characterized by long-wavelength, low-mode semi-

diurnal waves as described above, as well as high-frequency oscillations characteristic of 

nonlinear internal bores (Cheriton et al. 2014). Storlazzi et al. (2003) observed alongshore 

current reversals and fluctuations in temperature and backscatter (indicative of turbidity levels in 

the water column) dominated by diurnal and semi-diurnal internal tidal signatures (cycling every 

12.5 and 25 hours) at two sites close to shore at either side (north and south) of Monterey Bay. 

The internal tidal signature in the temperature/density data was asymmetrical and bore-like with 

sudden reversals on the flood tide associated with rapid warming and decreased backscatter. 

Cooling was associated with increasing backscatter and occurred gradually relative to the 

warming indicating shoreward transport of suspended sediments by deep water. The across shore 

currents at the north site were also diurnally and semi-diurnally dominated, however high 

frequency (4 to 20 minute) fluctuations related to trains of internal waves dominate the across 

shore current patterns at the southerly site. At this site, net near bed flow during the onshore 

warm tidal bore and subsequent trains of internal waves were oriented offshore, while net flow 

higher in the water column was oriented onshore.  
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Figure 2-7. M2 tidal surface currents derived from CODAR data 3 hours prior to 

high tide (flood tide) for the month of September 1992. Lines the direction of 

flow predominantly away from the Monterey Submarine Canyon head. Source: 

Petruncio et al. 1998.  
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Walter et al. (2012) modeled internal wave forms for two bathymetric profiles, one typical of a 

gentle sloping shelf common to ocean basin margins and the other with steep bathymetry typical 

of the coastal shelf intersected by a submarine canyon. The data from the model describe 

asymmetrical temperature signature patterns resulting from the form of the internal wave over 

either shelf type. Gently sloping bathymetry resulted in a rapid cooling signature and a gradual 

warming signature as the internal wave passes a temperature mooring. A steeply sloping shelf 

bathymetry (such as the sloping sides of the Monterey Submarine Canyon) results in a more 

gradual cooling period followed by rapid warming. The data from the model are reproduced in 

Figure 2-8.  

 

Figure 2-8. Simulated internal waves traveling over a shallow sloping and steeply sloping shelf 

(reproduced directly from Walter et al. [2012] Figure 10). The column of panels on the left 

represent a modeled internal wave progressing over a shallow sloping seabed (typical shelf 

bathymetry). The column of panels on the right indicates the same wave characterized over a 

steeply sloping seabed (typical canyon bathymetry).  

Several studies describe temperature/density profiles obtained for internal waves intersecting 

either steep or shallow sloped shelf bathymetry. Washburn and McPhee-Shaw (2013) describe 

temperature and nitrate pulses corresponding to baroclinic current structure indicative of the 

internal tide at Naples Reef near Santa Barbara, CA. The bathymetry at this site is not interrupted 

by a canyon and the subsequent temperature signatures at this site show a sudden drop in 

temperature (and rise in nitrates) followed by gradual mixing (Figure 2-9). This temperature 

signature is indicative of a shallow sloping shelf as modeled by Walter et al. (2012) shown in the 
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left panels in Figure 2-8. Other authors such as Moum et al. (2007) and Leichter et al. (1996) 

have shown a similar asymmetry with rapid onset of deeper waters and gradual return to prior 

conditions. Studies examining these phenomena close to the heads of submarine canyons 

indicate a reversal of this pattern, with sudden warming in temperatures after a period of gradual 

cooling indicative of the displacement of surface water by deeper waters (Pineda 1996, Cheriton 

et al. 2014) as modeled by Walter et al. (2012). 

 

Figure 2-9. Measurements at the Santa Barbara Coastal Long Term Ecological Research 

mooring at Naples Reef (34.415°N, -119.936°W) for (a) currents at 4 m and 12 m (13 ft and 

39 ft) depth at Naples reef showing reversal of direction with depth (-ve is offshore, +ve is 

onshore); (b) temperature at 14 m (46 ft) deep showing sudden cooling and gradual warming; 

and (c) dissolved inorganic nitrate (DIN) at 14 m (46 ft) deep showing sudden peaks and gradual 

reductions. (McPhee-Shaw et al 2004, reproduced directly from Washburn and McPhee-Shaw 

2013). 

The internal tide at the head of the Monterey Canyon is an important feature to this study, 

because it provides a mechanism for delivering cold, deep water to the intake by the vertical 

displacement of surface water twice per day. Figure 2-10 shows a schematic depiction of the 

internal tide in relation to the proposed intake location. As the cold water moves upwards the 

surface waters are displaced and the proposed intake location enters a second, distinct body of 

water from which feedwater is entrained. Figure 2-10 shows a schematic depiction of this 

process. 
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Figure 2-10. Schematic diagram of the internal tide in Monterey Bay at the Canyon head. 

During the low internal tide, the intake location is immersed in the warmer surface waters (top 

panel). At high internal tide the intake draws water from the cold, deep water that has risen from 

the canyon (bottom panel). As the tide rises or falls the intake draws from the mixed water 

between the two water bodies (middle panel). This internal tide occurs twice daily at the head of 

the Monterey Canyon throughout most of the year. The white dashed line depicts the mid-point 

between the warm and cold water bodies.  
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2.3 Ecology 

2.3.1 Habitat Variation 

Monterey Bay is a biologically diverse marine system that encompasses several major habitat 

types within its boundaries. The following section provides a brief overview of the major habitat 

types and associated ecology found across Monterey Bay. The habitats of Monterey Bay are 

divided into three broad environmental categories. The sublittoral zone is permanently 

submerged and includes highly productive ecosystems such as rocky reefs and kelp forests. The 

eulittoral zone extends from the spring high tide line to the neap low tide line, otherwise known 

as the intertidal zone. This includes both soft and hard substrates which largely determine the 

nature of the ecosystems occurring within this dynamic zone. Brackish or estuarine habitats 

constitute the third broad habitat category considered in this descriptive section of the report.  

Two habitats in the vicinity of the proposed intake are not directly linked to the biology and 

ecology that is potentially affected by entrainment resulting from an open ocean intake system—

the habitat that occurs in the tributary systems that flow into the Bay and the deepwater 

Monterey Submarine Canyon habitat. Four main tributaries, the Pajaro River, Elkhorn Slough, 

the Salinas River, and the San Lorenzo River flow into the Bay. Although the Pajaro River and 

the San Lorenzo River discharge into areas to the north of the proposed intake location, the 

Salinas River discharges into Elkhorn Slough which joins the Bay at the mouth of Moss Landing 

Harbor directly inshore of the proposed intake location. The deep-water habitats of the Monterey 

Submarine Canyon are important features of the Monterey Bay system and have garnered 

significant attention for their unique ecology. Whilst riverine habitats do contain fish which 

produce larvae, these larvae and are their immediate post-settlement adult forms require that they 

remain within the riverine/estuarine habitat. Larvae that are entrained by the intake because they 

are washed into the Bay, for example during significant rainfall events, are already condemned 

and therefore their entrainment would not have resulted in any additional effect to the population 

from which they came. The organisms that inhabit the depths of the Monterey Canyon are not 

located close enough to the intake to be vulnerable to effects due to entrainment. These 

organisms inhabit depths much greater than the proposed intake depth.  

The pelagic habitat of Monterey Bay includes the entire water column within the Bay. 

Organisms found in this habitat include a myriad of planktonic organisms (phytoplankton, 

zooplankton, and ichthyoplankton) that have little or no swimming ability to resist ocean 

currents. Nektonic organisms, such as bony fishes and sharks are also found in the pelagic 

habitat. Unlike the plankton organisms, these organisms can be highly mobile and are able to 

determine their spatial distribution relatively independent of local and oceanic currents.  

The productivity of the pelagic habitat varies seasonally due to upwelling, day length, and short-

term fluctuations in ocean currents, while long-term cycles such as El Niño events and decadal 

climate shifts can broadly affect productivity in the Bay. The shape of the Bay and its interplay 
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with the sea bed and oceanographic features results in an upwelling shadow in the north Bay. 

This area is characterized by a surface warm front, shoreward of the band of cold upwelled water 

located in the north Bay near the major upwelling zone at Point Año Nuevo (Graham 1993). 

Large abundances of zooplankton occur at this frontal zone which attract seabirds including 

California brown pelican (Pelecanus occidentalis), terns, and gulls, and large numbers of marine 

mammals such as pinnipeds (particularly Pacific harbor seal (Phoca vitulina) and California sea 

lion (Zalophus californianus) and cetaceans such as gray whale (Eschrichtius robustus), 

bottlenose dolphin (Tursiops truncates), and common dolphin (Delphinus delphis). This area 

also attracts large numbers of schooling pelagic fishes and cephalopods that feed on the blooms 

of plankton driven by the strong upwelling centres. These include sardines (Sardinops sagax), 

anchovies (Engraulis mordax), pacific mackerel (Scomber japonicus), jack mackerel (Trachurus 

symmetricus) and market squid (Doryteuthis opalescens). These are all species with potentially 

entrainable larvae. 

Kelp forests are a prominent subtidal habitat feature of the northern and southern parts of 

Monterey Bay. Kelp ecosystems will commonly occur between 5 m (16 ft) and 20 m (65 ft) 

depth and canopies have been recorded breaking the surface 50 m (164 ft) above the sea bed 

(Foster and Schiel 1985), depending on water clarity. Surface canopies are mainly comprised of 

giant kelp (Macrocystis pyrifera), and bull kelp (Nereocystis luetkeana). Bull kelp tolerates high 

wave action and is more common along exposed rocky shores, whereas giant kelp is abundant in 

all rocky areas except the most exposed, shallow sites. Kelp data for the California coastline are 

collected from aerial surveys and compiled by MBNMS for 1989, 1999, 2002–2006, and 2008–

2009 (http://sanctuarysimon.org). These areas are shown in Figure 2-11. 

http://sanctuarysimon.org/
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Figure 2-11. Location of kelp canopy maxima. Data from aerial surveys in 1989, 1999, 2002–

2006, and 2008–2009 are compiled by MBNMS. This image is a composite of all these surveys, 

showing the maximum extent of kelp canopy detected.  

Source: http://sanctuarysimon.org/monterey/sections/kelpForests/overview.php 

  

http://sanctuarysimon.org/monterey/sections/kelpForests/overview.php
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The sandy beach habitat in Monterey Bay extends in nearly continuous reach for approximately 

20 mi (32 km) from Santa Cruz to Monterey, and encompasses the Moss Landing area. Beach 

habitat in the area of Moss Landing is exposed to high-energy waves from the northwest. Large 

quantities of sand are annually transported on and off the beach shoreline by strong waves and 

alongshore currents. Subtidally, this sandy substrate extends offshore throughout the Bay, 

constituting the largest broad benthic habitat within the Monterey Bay area. Movement of sandy 

sediments by waves is a dominant physical process, and orders the grain size from coarse grained 

to fine sediment with increasing depth and distance from the shore. Extreme storm waves can 

remove large amounts of seafloor material at water depths as deep as 10 m (33 ft). The 

continuously changing nature of the shallow soft substrate habitat favors mobile invertebrates, 

such as crustaceans, and fish species that can adjust to the regular depletion and accretion of 

sediments. Aggregations of sand dollars (Dendraster excentricus) can form unique communities 

in the subtidal sandy habitat. Deeper soft substrate habitats (usually beyond 20 m [66 ft] depth) 

are less disturbed and consist of stable fine sand with a significant fraction of finer sediments. 

These habitats are generally dominated by more sedentary organisms such as polychaete worms 

and brittle stars. Infaunal invertebrates dominate the macrofaunal assemblages of both shallow 

and deep soft substrate habitats.  

The Canyon head and walls are essentially soft substrate with occasional rock outcrops, however 

the nature of these bathymetric features results in some notable ecological differences from the 

more gradually sloped shelf soft substrate habitat. Beach sand and organic material is transported 

from north and south Monterey Bay into the Canyon head, and presumably significant amounts 

of sediment and organic material are also transported into the Canyon head from the Elkhorn 

Slough and Salinas River out of the Harbor entrance immediately adjacent to the Canyon head. 

This sand and other material accrete around the head of the Canyon during seasons of low wave 

action from summer to fall. The first fall storms trigger large underwater landslides at the 

Canyon head known as mass wasting events. These events deliver sedimentary material to the 

floor of the Canyon axis as large turbidity flows. This annual cycle results in dramatic 

differences in the faunal communities living at the Canyon head. Large numbers of scavenging 

amphipods (genus Lysianassidae) feed off the accumulating organic debris in the Canyon head 

prior to the mass wasting events. Polychaete worms (Capitella spp.) are also found in large 

numbers at the Canyon head and tend to shift to dominance from the amphipod communities by 

the late fall prior to mass wasting season.  

Intertidal habitats within the Monterey Bay are broadly categorized as being either rocky or 

sandy substrates. Rocky intertidal habitat distribution mirrors that of the subtidal kelp habitats, 

primarily occurring at the north and south extents of the Bay. Intertidal beach habitat dominates 

the eastern coast of the Bay with Moss Landing located centrally to this virtually continuous 

extent of sandy beach. Although the intertidal beach habitat is relatively species poor, rocky 

intertidal communities are some of the most diverse biological communities across the globe. 

The semi-diurnal tidal cycle exposes intertidal invertebrates and algae to large fluctuations in 

temperature, desiccation, and wave action twice per day. A substantial fraction of the several 

hundred marine species found on the rocky shore or along sand beaches are found only in the 
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intertidal zone, although they may be represented in the pelagic and nearshore environment by 

their planktonic larvae that disperse in the waves and currents. Although natural rock outcrops 

form the majority of rocky intertidal habitat in Monterey Bay, man-made harbor jetties and 

breakwaters contribute a small portion of additional hard substrate, particularly near the major 

population centers of Monterey and Santa Cruz. 

2.3.2 Fisheries Overview 

The fishes of Monterey Bay are mostly classified as part of the Oregonian faunistic province 

which ranges from southern Canada to Point Conception (Horn and Allen 1978). The marine 

resources of Monterey Bay have historically supported a variety of sport and commercial 

fisheries (Starr et al. 1998). Fisheries decline and expand with the cycles of abundance and 

scarcity of the targeted species. Regulation of fish harvest, entry into a fishery, gear usage, and 

season length can have a pronounced effect on landings. Long-term over-exploitation of many 

fish stocks along the Pacific Coast has decreased the abundance of adult fishes and recently led 

to more restrictive regulation of harvest levels. Because of the complexity of the forces driving 

fish harvest in the Monterey Bay area, generalizations about fish abundance based on landings 

data must be made carefully.  

Fishes and invertebrates are harvested from the Monterey area using a variety of fishing 

methods. Historically, a majority of the fishes landed in Monterey ports was taken with purse 

seine and trawl nets. Set gillnets have traditionally been used to harvest California halibut 

(Paralichthys californicus), rockfishes (Sebastes spp.), white croaker (Genyonemus lineatus), 

and a variety of sharks. Commercial fishermen use trolling gear to harvest salmon and albacore 

during the seasons when they are abundant in the area. Hook-and-line gear has traditionally been 

used to harvest rockfishes and lingcod (Ophiodon elongatus) over rocky reefs near the Monterey 

Submarine Canyon. Set longlines, which are now prohibited in nearshore waters, are used in the 

Monterey Submarine Canyon area to take sablefish (Anoplopoma fimbria) and grenadier (family 

Macrouridae). Fish traps of hook and line are used in the live rockfish fishery. Traps are also 

used to take rock crabs (family Cancridae) including Dungeness crab (Metacarcinus magister). 

Purse seining is used to harvest pelagic species such as market squid (Doryteuthis opalescens), 

Pacific sardine (Sardinops sagax), northern anchovy (Engraulis mordax), Pacific mackerel 

(Scomber japonicus) and jack mackerel (Trachurus symmetricus). Market squid has consistently 

been one of the top two species by tonnage landed in the Monterey area.  

Historically, nearshore rocky reef and kelp habitats were fished more heavily by recreational 

than commercial fisheries. Nearshore rocky areas became more important to commercial 

fisheries in the early 1980s through increased participation due to the open access hook-and-line 

fisheries and later, for the relatively lucrative live-fish fishery (Starr et al. 2002). Rockfishes are 

the predominant component of catches in nearshore rocky reef and kelp habitats with about 15 

rockfish species commonly caught, including grass rockfish (Sebastes rastrelliger), gopher 

rockfish (S. carnatus), brown rockfish (S. auriculatus), and china rockfish (S. nebulosus). Fishes 
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are taken from the intertidal zone down to depths of 30 m (98 ft) with hook and line gear or traps 

and kept alive in holding tanks. Kelp greenling (Hexagrammos decagrammus), cabezon 

(Scorpaenichthys marmoratus), and lingcod are also commonly landed in addition to rockfishes. 

Annual commercial landings of fishes from shallow rocky habitats averaged about 365 ton/yr 

(331 MT/yr) from 1991–1998, almost twice that of the annual landings in the 1980s. The high 

catches in nearshore reef and kelp habitats in the 1990s were probably not sustainable, and 

appeared to have reduced abundance of nearshore fishes in the MBNMS, as evidenced by 

declining catch rates (Starr et al. 2002). 
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3.0 Assessment Approach 

3.1 Introduction 

In order to determine the potential effects of the proposed intake on larval fish and target larval 

invertebrate taxa, biological and oceanographic data were collected over a 12-month period at 

the proposed intake location and at nearby source water stations. The data were collected in order 

to estimate the number of larvae that may be entrained by the proposed intake, and the 

proportional mortality (PM), which is the proportion of a defined population that would 

theoretically be lost due to entrainment mortality.  

The following section is divided into five parts. The first two parts describe the methods used in 

this study for collecting biological and oceanographic data. The third part describes the method 

used to estimate the number of larvae that may be entrained by the proposed plant based on the 

biological data collected in this study. The fourth part describes the method used to determine 

differences in larval concentration due to depth, and differences in larval concentration due to the 

advection of deep water from the Monterey Submarine Canyon (the Canyon) at the Canyon head 

adjacent to the proposed intake location. The last part of this section describes the application of 

the Empirical Transport Model (ETM) to this study in order to assess the effects of the proposed 

desalination plant intake on larval fish and target larval invertebrate taxa. 

The ETM is the primary method used in assessing the effects of ocean water intake systems for 

power plants and desalination plants in California. The ETM is a modeling approach that uses 

data on target taxa abundances from sampling of the larvae in the vicinity of the proposed intake 

and potential source populations of larvae to calculate estimates of proportional entrainment 

(PE). Proportional entrainment is an estimate of the daily conditional mortality due to 

entrainment. The PE estimates and other information on the source population of larvae are used 

to estimate the total probability of mortality (PM) due to entrainment using the ETM (Boreman et 

al. 1978, Boreman et al. 1981, Steinbeck et al. 2007).  

The ETM was proposed by the U.S. Fish and Wildlife Service to estimate mortality rates 

resulting from cooling water withdrawals by power plants (Boreman et al. 1978, 1981). It 

provides an estimate of incremental mortality (a conditional estimate of mortality in the absence 

of other mortality sources [Ricker 1975]) based on estimates of the fractional loss to the Source 

Water Body (SWB) population represented by entrainment. The conditional mortality is 

represented as estimates of the daily PE that are calculated for each survey and then combined 

for a one-year period, which incorporates seasonal variations in abundance. Variations of this 

model have been discussed in MacCall et al. (1983) and have been used in previous studies to 

assess entrainment impacts at California power plants (MacCall et al. 1983, Parker and 

DeMartini 1989, Steinbeck et al. 2007).  
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The estimate of PE is the central feature of the ETM (Boreman et al. 1981, MacCall et al. 1983). 

Estimates of PE are calculated for each taxon for each survey as the ratio of the estimated 

numbers of larvae entrained per day to the larval population estimates within specific volumes of 

the source water. The sampled source water body is an area defined as the estimated one-day 

extent of larval transport and is the area within which the field samples are collected. The SWB 

is the estimated maximum extent of the larval population from which entrainment could occur 

and varies by species and ocean current conditions. The proportional entrainment (PE) is 

calculated for the sampled source water body in Equation (1) as, 

    
   

   

 
    

   

    
   

, (1) 

where 
iEN  and 

iSN  are the estimated numbers of larvae entrained and in the sampled source 

water body, respectively, per day in survey period i. The parameters 
iE and 

iS are the average 

concentrations of larvae from the intake and source water sampling, respectively, per day in 

survey period i, and 
iEV and 

iSV  are the estimated volumes entrained at the intake, and within the 

sampled source water, per day in survey period i. The volume of the intake flow can be obtained 

from the engineering design for the plant and remains fixed in the model. The estimated volume 

of the SWB will vary depending upon oceanographic conditions and the period of time that the 

taxon being analyzed is in the planktonic phase prior to entrainment, therefore the PEi for the 

sampled source water body is scaled according to the size of the SWB in the final application of 

PEi in the ETM.  

3.2 Biological Data Collection 

The following section describes the collection of plankton samples for this study over a period of 

approximately 12 months. The data were collected to estimate the number of larvae potentially 

entrained by the proposed desalination intake over the course of a year. The data collected allow 

estimates of the sizes of the defined larval populations that are used in the ETM, and are the 

basis for assessing entrainment effects on target larval fish and larval invertebrate taxa.  

3.2.1 Planktonic Larval Sampling 

Plankton samples were collected monthly over a 12-month study period to provide a baseline 

characterization of the potentially entrainable fish larvae and selected invertebrate larvae at the 

proposed intake location and in the surrounding source water. Plankton net sample collection 

methods were similar to those developed and used by the California Cooperative Oceanic and 

Fisheries Investigation (CalCOFI) in their long-term studies of larval fishes in the California 

Current (Smith and Richardson 1977), and subsequently used in nearshore source water studies 
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at several other coastal locations in California, including the sampling done off Moss Landing 

for the Moss Landing Power Plant (Tenera 2000).  

Towed plankton net samples were collected at four stations from the 56-ft research vessel R/V 

John Martin. Because of uncertainties regarding the final design location of the facility intake, 

two sampling locations (I2 and I3 in Figure 3-1) were selected along the inshore margin of the 

Canyon. Two additional stations were sampled to provide data on larval concentrations in the 

source water (SN and SS in Figure 3-1). 

 

Figure 3-1. Location of intake (I2 and I3) and source water stations (SN and SS) for plankton sampling. 

Samples were collected by towing a bongo frame with paired 0.71 m (2.3 ft) diameter openings, 

each equipped with a 335-µm (0.13 in.) mesh plankton net, a collection basket (codend) at the 

end of the net, and a flowmeter (Figure 3-2). The calibrated flowmeters that were mounted in the 

center of the opening of each net frame (General Oceanics Model 2030R) measured the actual 

volume of water filtered through each net. The target volume for each sample was at least 50 m
3
 

(13,208 gal) of seawater per net. The flowmeter counter values were recorded on sequenced 
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waterproof datasheets before and after each tow to allow a calculation of the volume of water 

filtered by each net.  

 

Figure 3-2. Bongo frame and plankton nets used to collect fish and shellfish 

larvae at the intake and in the source water. 

During each survey, samples were collected at each site once during the day and once at night 

with deep and shallow tows taken during each sampling period. Samples were collected from 

each station during a day and a night cycle to characterize potential diel variation in larval 

abundances, and at two depth intervals to provide data on vertical distributions of larvae in the 

water column. A ‘deep’ tow extended from the surface to a maximum depth of 40 m (131 ft) 

(henceforth the ‘40 m tow’) and a ‘shallow’ tow extended from the surface to 25 m (82 ft) 

(henceforth the ‘25 m tow’) in all but the June 2012 survey (MLIA04), where the target depths 

were 30 m and 20 m (98 ft and 66 ft), respectively. The depth of the tows was determined by a 

real-time pressure sensor (KPSI Transducer 700 Series) transmitting through a coaxial tow line 

back to the R/V John Martin via a 420 mA circuit. The maximum depths by tow for each 

survey were recorded by a submersible pressure logger (Onset Model HOBO U-20) mounted on 

the net frame and downloaded after the sampling was completed. 

At the completion of each tow, the frame and nets were retrieved from the water and all of the 

collected material was rinsed into the codend collection container. During most of the surveys, 

the contents from both nets were combined into a single sample, transferred into a sample jar 

with internal and external labeling, and preserved in a 5-10% solution of buffered formalin. 

When a large volume of filtered material was collected, the contents of the sample were divided 
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into two or more jars that were labeled as sample fractions. During the last few surveys, some of 

the samples were preserved in 95% un-denatured alcohol. During these surveys, the samples 

from the two nets were kept separate. Each sample was labeled with information on the survey, 

station, cycle, sample, and number of jars in the sample. The labeling allowed each sample to be 

tracked through laboratory processing, data analysis, and reporting.  

Field data were recorded on preprinted data sheets formatted for entry into a computer database 

for analysis and archiving. All field data were recorded on sequenced data sheets and were 

entered into a Microsoft Access® computer database that was verified for accuracy against the 

original data sheets.  

A Quality Assurance/Quality Control (QA/QC) program was implemented for the field 

component of the study. The field survey procedures were reviewed with all personnel prior to 

the start of the study, and all field staff were given printed copies of the procedures. In addition 

to ongoing training and periodic review of sampling procedures, quality control assessments 

were completed during the study to ensure that the field sampling continued to be conducted 

properly.  

3.2.2 Laboratory Analysis 

Samples from the field were returned to the laboratory, and after at least 72 hours were 

transferred into a solution of 70–80% ethanol preservative, or maintained in the 95% un-

denatured alcohol for samples initially collected with that preservative. Processing consisted of 

examining the collected material under a dissecting microscope and removing and counting all 

fish larvae. Laboratory staff also identified market squid paralarvae and the megalopal stage of 

Cancer crabs. The organisms were placed in labeled vials and then identified to the lowest 

possible taxonomic level. The developmental stage of fish larvae (yolk-sac, preflexion, flexion, 

postflexion, transformation) was also recorded.  

Fish specimens that could not be identified to the species level were identified to the lowest 

taxonomic classification possible (e.g., genus and species are lower levels of classification than 

order or family). Crab megalops were generally identified to combination categories because of 

overlapping size ranges between species. Myomere and pigmentation patterns were used to 

identify the larval fishes, however, this can be problematic for some species. For example, 

several species of the Gobiidae family of fishes share similar characteristics during early life 

stages, making identification to the species level uncertain (Moser 1996). When samples were 

particularly dense, a Folsom plankton splitter was used to divide samples into smaller, more 

manageable subsamples. Aliquot portions of ½ and ¼ of the original sample were obtained and 

sorted. 

Notochord length (NL) was determined for a representative number of individuals of larval fish 

taxa. These measurements were determined and recorded for up to 50 specimens from each 

taxon during each survey using a video capture system and image analysis software. These data 



3.0: Assessment Approach 

   

ESLO2013-045.1  

DeepWater Desal  Larval Entrainment 3-6 

 

were used to determine the duration at risk of entrainment for the larvae. Individuals longer than 

30 mm (1.18 in.) in length were considered non-entrainable because they would not normally be 

susceptible to entrainment due to their size. Fish that were considered non-entrainable were not 

used in the determination of the annual entrainment estimate.  

Laboratory data were recorded on preprinted data sheets formatted for entry into a computer 

database for analysis and archiving. All laboratory data were recorded on sequenced data sheets 

entered into an Access® computer database, then verified for accuracy against the original data 

sheets.  

3.2.3 Quality Assurance/Quality Control Program 

A detailed Quality Assurance/Quality Control (QA/QC) program was also applied to all 

laboratory processing. Sample sorting procedures were reviewed with all personnel prior to the 

start of the study and all personnel were given printed copies of the procedures. The first ten 

samples sorted by an individual were re-sorted by a designated QC sorter. In order to pass a QC 

re-sort, a sorter was allowed to miss only one fish larva in a sample when the total number of 

larvae was less than 20. For samples with 20 or more larvae, the sorter was required to maintain 

a sorting accuracy of 90%. After a sorter sorted ten consecutive samples with greater than 90% 

accuracy, the sorter had one of their next ten samples randomly selected for a QC check. If the 

sorter failed to achieve an accuracy level of 90%, their samples were re-sorted by the QC sorter 

until ten consecutive samples met the required level of accuracy. If the sorter maintained the 

required level of accuracy, one of their next ten samples was re-sorted by QC personnel. 

A similar QA/QC program was conducted for the taxonomists identifying the samples. The first 

ten samples of fish identified by an individual taxonomist were re-identified by a second 

taxonomist. Taxonomic precision was calculated as Percent Taxonomic Disagreement (PTD) and 

served to quantify the rates of error (percent disagreement) in assignment of nomenclature to 

individual specimens in the sample. The error rate was quantified as the proportion of individual 

specimens in the sample identified differently (PTD) by the two taxonomists calculated in 

Equation (2) as, 

    
           

 
     (2) 

where comppos is the number of agreements and N is the total number of organisms in the larger 

of the two counts. A PTD goal of less than or equal to 10% was targeted. The lower the PTD 

value, the greater the overall taxonomic precision indicating relative consistency in sample 

treatment. If the PTD goal of 10% was not attained, taxonomist interaction was used to 

determine problem areas, identify consistent disagreements, and define corrective actions. 

Additionally, the next ten consecutive samples the original taxonomist identified were checked 

by the second taxonomist for accuracy. Samples were re-identified until ten consecutive samples 
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met the PTD criterion. Identifications were verified with taxonomic voucher collections 

maintained by Tenera. 

3.2.4 Target Organisms Selected for Study 

A diverse array of planktonic organisms are susceptible to entrainment. The United States 

Environmental Protection Agency (USEPA) in its original Section 316(b) guidance (USEPA 

1977) lists several criteria for selecting appropriate target organisms for assessment including the 

following: 

1. representative, in terms of their biological requirements, of a balanced, indigenous 

community of fish, shellfish, and wildlife;  

2. commercially or recreationally valuable (e.g., among the top ten species landed—by 

dollar value);  

3. threatened or endangered;  

4. critical to the structure and function of the ecological system (i.e., habitat formers);  

5. potentially capable of becoming localized nuisance species;  

6. necessary, in the food chain, for the well-being of species determined in 1–4; and 

7. meeting criteria 1–6 with potential susceptibility to entrapment/impingement and/or 

entrainment.  

In addition to these USEPA criteria, there are certain practical considerations that limit the 

selection of target organisms such as the following:  

1. identifiable to the species level;  

2. collected in sufficient abundance to allow for impact assessment (i.e., allowing the 

model(s) constraints to be met and confidence intervals to be calculated); and  

3. having local adult and larval populations (i.e., source not sink species). For example, 

certain species that may be relatively abundant as entrained larvae may actually occur 

offshore or in deep water as adults. 

Estimation of annual entrainment and assessment of entrainment effects using the ETM were 

limited to the most abundant fish and invertebrate taxa collected during the sampling. The fishes 

also had to be collected during several of the surveys at both the intake and source water stations 

to support meaningful analysis, particularly for application of the ETM.  

The target taxa for this study include the larval stages of fishes that were found to be most 

abundant in the samples from the 40 m deep tows at the intake stations as these samples best 

represent the larval fishes likely to be entrained. The six taxonomic groups (taxa) of fishes that 

met these criteria were: white croaker (Genyonemus lineatus), northern anchovy (Engraulis 

mordax), sanddabs (Citharichthys spp.), the blue rockfish complex (Sebastes spp. V), the KGB 

rockfish complex (Sebastes spp. V_) and the CIG goby complex. Together these six taxa 
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comprised approximately 83% of the total estimated fish larvae sampled in the 40 m deep tows at 

the intake stations during the June 2012–June 2013 study period (see Section 4.0Assessment 

Results). Also included in the assessment were Cancer crab megalops, which includes the edible 

species of rock crabs. Market squid (Doryteuthis opalescens) paralarvae were also observed in 

lesser numbers than the combined crab larva, however these are not selected for taxa specific 

analysis in this study. Cancer crab megalops are not assessed in the ETM as it is unlikely that 

they can be considered as passive particles. The megalops is likely to be relatively mobile in the 

plankton and exhibit behavioral response to the environment. Therefore the extent of the 

population is difficult to estimate well, particularly only relying on an oceanographic model of 

larval advection. 

3.3 Physical Data Collection 

This section describes the collection of data on ocean currents that was used to estimate the 

extent of the source water body that in turn leads to an estimation of its volume (
iSV in 

Equation [1]), which is a fundamental parameter of PE.  

In addition to ocean current data, additional data were collected on temperature changes in the 

water column at the Canyon head. These data were fundamental to the adaptation of the ETM 

method to accommodate important oceanographic features identified during the course of the 

study as valuable to the assessment of entrainment effects (see Section 3.6.2Cold Regime 

Proportional Entrainment). The collection of these data is also described here. 

3.3.1 Ocean Currents 

The most recent application of the ETM to entrainment studies (Tenera 2012), and the method 

applied in this study to derive the source water bodies for the ETM, uses a combination of 

surface currents measured by CODAR-type high frequency radar (henceforth CODAR) and sub-

surface currents measured by an acoustic Doppler current profiler (ADCP). These data are used 

to derive volume estimates, which in turn define the size of the larval population from which 

entrainment can occur (NSi in Equation [1]). This is done either directly, using flow through a 

cross-sectional area, or by reverse particle tracks that indicate the areal extent, which in turn are 

combined with bathymetry data to calculate the volume.  

CODAR technology provides spatially continuous surface current vectors recorded over time 

which allow for particle tracking through a quasi-Lagrangian vector field (see Gawarkiewicz et 

al. 2007). Because the velocity of ocean currents measured at the water’s surface typically decay 

with increasing depth, subsurface water currents measured by ADCP were used to scale the 

magnitude of the CODAR vectors prior to reverse-tracking potentially entrained larvae.  
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The spatial resolution of the CODAR data in Monterey Bay is available at 2 km (~1 mile) and 

6 km (~4 mile) spacing throughout the Bay. Where gaps in these data exist, CODAR vectors 

were linearly interpolated from the closest (spatially) available vectors in any given time period. 

Data were collected for the entire survey period from February 2012 through June 2013 so as to 

be coincident with the plankton field sampling.  

In order to derive subsurface currents by which to scale the CODAR vectors, a 600 kHz Nortek 

Aquadopp
®
 ADCP was deployed in an upward-looking orientation on the seabed on the northern 

rim of the Canyon head. The ADCP was deployed 0.6 m (2 ft) off the bottom, approximately 

150 m (492 ft) from Station I2 (Figure 3-1), at 36.8092°N and 121.8033°W, and operated from 

October 13, 2012 to June 13, 2013. The ADCP collected velocity measurements in the east, 

north, and up directions every 30 minutes in 33 1-m (3.3 ft) vertical profile cells. The first profile 

cell center was 1.5 m (4.9 ft) above the instrument's head. Each measurement represented the 5-

minute average for each 1 m (3.3 ft) cell. The average pressure recorded by the instrument over 

the deployment duration was 30.13 decibars (dbar), which equates to an average depth of 

approximately 30.7 m (101 ft). The number of cells with usable data for each 30-minute 

measurement was constrained by the water surface and a 25° from vertical ADCP beam angle. 

The beam angles allowed at most 90% of the water column to be measured, but in practice an 

additional 2.0 m (6.6 ft) of depth from the surface was removed from the dataset to avoid wave 

interference. In addition to using the data from the ADCP to adjust the surface CODAR data, 

data from the three cells closest to the bottom were used in an analysis of water movement to and 

from the Canyon. 

In addition to the ADCP and CODAR data collected for the period 2012/2013, subsurface 

current data were available from an ADCP on the MBARI M0 mooring from August 15, 2010 

through September 3, 2011 with synonymous CODAR data. The M0 mooring is located 

approximately 9 km (5.6 mi) to the northwest of the ADCP mooring described above. With the 

addition of these data, a time series encompassing the entire year could be used to scale the 

2012/2013 CODAR data on a monthly interval to encompass seasonal variation in the relative 

change in magnitude from surface to subsurface velocities. 

To scale the surface currents derived from the CODAR to subsurface magnitudes, the CODAR 

data were spatially interpolated to the location of the Tenera ADCP. The ADCP vectors in bins 

between 4 m and 32 m (13 ft and 112 ft) below the surface were averaged for each time interval. 

The same procedure was followed for the M0 ADCP and 2010/2011 CODAR data. The U and V 

vector components for both data types (ADCP and CODAR) were converted to magnitudes by 

removing the sign and then averaged by month for each data type. For each vector component (U 

or V) the monthly average ADCP vector magnitude was then divided by the corresponding 

monthly averaged CODAR vector magnitude. These values are the proportional reductions in 

CODAR vector magnitude by month (Table 3-1). Figure 3-3 compares the U and V components 

from the MBARI M0 ADCP and CODAR data. 



3.0: Assessment Approach 

   

ESLO2013-045.1  

DeepWater Desal  Larval Entrainment 3-10 

 

Table 3-1. Proportion reduction in CODAR derived surface current vector magnitude according to 

estimate sub-surface currents.  

Jan Feb Mar Apr May Jun 

U V U V U V U V U V U V 

.516 .526 .563 .711 .565 .594 .317 .381 .308 .408 .352 .343 

Jul Aug Sep Oct Nov Dec 

U V U V U V U V U V U V 

.411 .287 .445 .354 .381 .379 .467 .465 .535 .523 .556 .452 

 

 

Figure 3-3. a) U components of velocity, and b) V components of velocity measured over a 

representative period (approximately two days) at the surface by CODAR and at depth by the M0 ADCP.   

3.3.2 Ocean Temperature 

A sub-surface array of temperature data recorders was used to monitor additional oceanographic 

processes at the Canyon head. In particular, the advection of cold, deep canyon water onto the 

shelf due to internal tides was known to occur at this location (see Section 3.6.2Cold Regime 

Proportional Entrainment and Appendix A for more information on how these data were used in 

the assessment). The temperature array was deployed approximately 1.17 km (0.73 mi) SE of the 

Nortek ADCP at Station I3 (Figure 3-1) (36.8036°N, 121.7921°W) on March 9, 2012 and 

collected a nearly-continuous data series through July 2, 2013. The deployment period 

encompassed the entire period when larval fish surveys were conducted. The temperature data 

recorders were Onset Corp. HOBO
®

 Water Temp Pro v2 units with an accuracy of ±0.2°C 

(0.1°F). The units were calibrated prior to deployment and set to record at 10-minute intervals. 

Five temperature data recorders were equally spaced at five depths (approximately 20, 23, 26, 29 

and 32 m [64, 74, 84, 94 and 104 ft] below mean sea level).  

a) b) 
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3.4 Larval Abundances 

3.4.1 Intake Station Sampling and Entrainment Larval Estimates 

Entrainment estimates were calculated using the daily average larval concentrations from the 

field samples and intake volumes of 94,635 m
3
 per day (25 MGD) and 238,481 m

3
 per day 

(63 MGD) proposed for the desalination plant. The daily average intake concentration was 

estimated from the samples collected at intake stations I2 and I3 from the 40 m deep tows 

through the entire water column. Data from the surface tows were not included because the 

intake is proposed to be located at a depth of 30–40 m (98–131 ft). Estimates of daily average 

larval concentrations and associated variances were calculated based on a stratified random 

design with two cycles (day and night) and two stations per cycle. Estimates of larval 

entrainment at the proposed intake location were based on the approximately monthly sampling 

where ET is the estimate of total annual entrainment estimated from data collected for this study 

between June 2012 through June 2013 and Ei is the total entrainment estimate calculated from 

the average concentration per day for each survey period i. The average concentration (and 

variance) calculated for the day was extrapolated across the days within each sampling period. 

3.4.2 Source Water Station Sampling 

The daily average concentrations of larvae at the source water stations were estimated from the 

field samples collected at the two source water stations (SS and SN) from the 25 m and 

40 m deep tows. A weighted average was used to combine the concentration estimates for each 

survey. The weighting factors for each tow were calculated as the proportion of the sum of the 

maximum depths from each tow by day/night cycle, station and survey. These concentrations 

were then averaged for all the surveys. 

3.4.3 Source Water Body Larval Estimates 

The ETM, as implemented for this study, uses a sampled source water body divided into three 

sampling areas as shown in Figure 3-4 to estimate the sampled source water body population 

size (NSi in Equation [1]). The area of the sampled source water body (SWB) was selected to 

approximate the source water area subject to entrainment over a 24-hr period based on the 

average ocean current speed measured by the ADCP located near the proposed intake. The value 

of PEi in Equation (1) is calculated for the sampled source water body and then adjusted based 

on the coastal extent of the sampled source water body (15.4 km [9.6 mi]) as a proportion of the 

estimated SWB coastal extent. This proportion is defined as PSi in the ETM (Steinbeck et al. 

2007). Further details are provided in Section 3.6.1Warm Regime Proportional Entrainment.  
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Figure 3-4. Plan view of the sampled source water body, including the location of the sampling 

stations. Depth contours are at 10 m (33 ft) MLLW intervals. 

Estimates of the population of larvae entrained in a day (   
 in Equation [1]) were calculated 

using the daily averaged larval concentrations at the intake stations (as described in 

Section 3.4.1Intake Station Sampling and Entrainment Larval Estimates) multiplied by the 

intake volume as shown in Equation (3), 

   
     

    
 (3) 

where     
 is the average daily concentration of larvae in the 40 m deep tow at the intake stations 

for period i and is based on a stratified random design with two cycles (day and night) and two 

stations per cycle.    
 is the proposed intake volume of the plant, either 94,635 m

3
 per day 

(25 MGD) or 238,481 m
3
 per day (63 MGD).  

Estimates of the population of larvae in the sampled source water area (   
 in Equation [1]) were 

calculated using larval concentrations from field samples collected at the two source water 

stations (SS and SN) and the two intake stations (I2 and I3) as shown in Equation (4),  
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  (4) 

where     
,     

 and    are the volumes of the SS, SN, and intake areas of the sampled SWB, 

respectively. These volumes are shown in Table 3-2 and were calculated by combining the areal 

extent with bathymetric data in a geographic information system. The maximum depth used for 

the sampled source water body volume was 90 m.  

Table 3-2. Areas and volumes for the three source water sampling areas shown in Figure 3-4. 

Area Area (m2) Area (hectares) Area (acres) Volume (m3) Volume (gal) 

SN 37,692,649 3,769 9,314 1,364,999,652 360,359,908,128 

Intake 33,873,957 3,387 8,370 1,990,026,256 525,366,931,584 

SS 34,292,904 3,429 8,474 1,305,591,217 344,676,081,288 

 

The parameters      
 and      

 are the depth-weighted average daily concentration of larvae for 

the SS and SN sampled source water areas from the 25 m and 40 m deep tows. These are 

calculated using a stratified random design with two cycles (day and night) and the weighted 

variance from the two samples per cycle. 

The parameter      is the average daily concentration of larvae in the intake sampled source water 

area. This is calculated using a similar approach to the estimate of larval concentration in the 

stations SS and SN sampled source water areas, but combines estimates from both intake stations 

using four sampling strata representing the intake stations (I2 and I3) and sampling cycles (day 

and night).  

3.4.4 Larval Age Determination 

To represent the distribution of ages determined by fish lengths of the entrained larvae, a random 

sample of 200 measurements proportionally allocated among the surveys, and based on the 

abundances of larvae in those surveys from all of the measured larvae for a taxon from the 40 m 

deep tows at all four stations, were drawn with replacement (bootstrap). The 200 bootstrap 

samples for each taxon were output as box plot histograms using SAS Graph


 (SAS Institute 

2008). An explanation of the legend accompanying the histograms is shown in Figure 3-5, and 

may be referred to for interpreting the length frequency dispersion statistics for selected taxa that 

are presented in Section 4.6Results for Individual Taxa. The tick marks below the histogram 

represent the data points from the bootstrap sampling. The statistics accompanying each figure 

represent the values computed for the measurements presented in the figure, not the statistics 

used in calculating the average age at entrainment and period of exposure. Those statistics were 

calculated from 100 random draws of 100 samples, also drawn with replacement and 

proportionally allocated among the surveys based on the abundances of larvae in those surveys. 
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Figure 3-5. Explanation of dispersion statistic symbols for an example length 

frequency histogram.  

The maximum larval age and period of time the larvae were exposed to entrainment was 

estimated by dividing the difference between a computed size at hatching and the size at the 95
th

 

percentile by a larval growth rate obtained from the literature. The duration of the egg stage was 

added to this value for species with planktonic eggs, such as northern anchovy and white 

croaker. The 95
th

 percentile value was used to eliminate outliers from the calculations. The size 

at hatching was estimated using Equation (5): 

Hatch Length = (Median Length + 1
st
 Percentile Length)/2. (5) 

This calculated value was used because of the large variation in size among larvae smaller than 

the average length, and approximates the value of the 25
th

 percentile used in other studies as the 

hatch length. This calculation assumes that the length frequency distribution is skewed towards 

smaller-sized larvae and usually resulted in a value close to the hatch size reported in the 

literature (e.g., Moser 1996). 
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3.5 Determining Spatial Differences in Larval Abundance 

3.5.1 Larval Abundance Differences with Depth 

The premise of the potential benefit of a deep water intake design in reducing entrainment is 

based on data that indicate there are generally reduced larval fish concentrations relative to the 

shallower inshore intake depths proposed for other desalination plants in California. In order to 

test the hypothesis that a deeper intake may entrain less fish, a statistical comparison was made 

between estimated concentrations at two different depth ranges (strata) derived from the 

estimates of larval fish concentration in the 25 m deep tow and the 40 m deep tow samples. 

The 25 m deep tows provide an estimate of the larval fish concentrations in the upper portion of 

the water column. Because the 40 m deep tows include the total water column from the surface 

to approximately 40 m deep, it does not provide a means for estimating the larval concentration 

in an isolated, relatively deeper stratum. Therefore the estimated concentration from the 

relatively deeper stratum, [Concentration]Deep, is calculated as a proxy for concentration of larval 

fish in the stratum from which the CCRWP deep water intake is proposed to withdraw feedwater. 

An estimate of the larval concentrations in this stratum was calculated using Equation (6), 

[Concentration]Deep = ([Concentration]Total - ([Concentration]Upper ● pS)) / (1 - pS) (6) 

where [Concentration]Total  is the larval concentration from the 40 m tow, [Concentration]Upper  is 

the larval concentration from the 25 m tow. The parameter pS is the proportion of the depth of the 

40 m tow sampled by the 25 m tow through the upper water column. To derive this value the 

25 m and 40 m tows were paired by site and cycle. The maximum depth of the 25 m deep tow 

was divided by the maximum depth of the 40 m deep tow to derive pS.  

The alternative hypothesis of a difference between estimated concentrations of larval fish in 

these depth strata was tested using data for all fish larvae combined from all four sampling 

locations (I2, I3, SN, and SS), which provided a sample size of 110 paired concentrations from 

the two depth strata. The hypothesis was tested using an analysis of variance (ANOVA) that 

treated each pair of samples as a block with surveys, day and night cycles, and stations as factors. 

Although this ANOVA design is analogous to a paired t-test, the data were analyzed using the 

‘Proc Mixed’ procedure in SAS (SAS Institute 2008) to provide covariance estimates of each of 

the blocking factors. The data were log transformed with the addition of a constant of 0.01 

(log[x+0.01]) to meet the assumptions of ANOVA. In addition to the analysis of the data from 

all four stations, separate analyses were done using just the data from the two intake stations (I2 

and I3) and source water stations (SS and SN). The results of this analysis are presented in 

Section 4-4Larval Abundance Differences with Depth.  
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3.5.2 Difference in Water Body Larval Composition 

Internal tides are fairly ubiquitous to the California coastal region. They occur on the shelf break, 

where the continental shelf ends and the seabed drops towards the abyssal plains of the ocean 

basins. Along most of the central coast of California this is between 40 and 80 km (25 and 

50 mi.) from the shore and the direct effect of the internal tide is unlikely to be felt closer than 10 

or 20 km. Because the head of the Monterey Submarine Canyon cuts into the shelf and comes so 

close to the shore at Moss Landing, the internal tide is an important oceanographic feature that 

occurs within at least 250 m (820 ft) of the shore at the head of the Canyon and therefore at the 

location of the proposed CCWRP intake. The internal tide manifests at the head of the Canyon as 

a twice daily oscillation, like a surface tide but below the sea surface, of a sharp transition called 

a thermocline that separates warm, surface waters typical of the shelf environment from cold 

deep water from within the Canyon. This cold deep water is transported (advected) out of the 

Canyon and onto the shelf. This change in temperature regime is described in Appendix A. 

Therefore, as well as understanding the potential for a deep water intake design to reduce the 

entrainment impacts due to the reduction in total number of larvae entrained, it is reasonable to 

consider whether the composition of larvae in this deeper strata may differ from that of the 

shallow water on the shelf. While this is of limited value to the ETM, which considers the 

conditional mortality on each taxa individually and is not applied to an assemblage of taxa, it is 

of interest to a wider consideration of the potential reduction in impacts on the marine organisms 

with larval phases potentially vulnerable to entrainment effects. 

The analytical approach used to separate the warm and cold water periods is described in 

Appendix A. This approach was also used to classify the individual samples from the 40 m deep 

tows at the two intake stations (I2 and I3) as occurring during warm, cold, or transition periods. 

Warm/cold periods, in this sense, represent periods when the entire water column recorded by 

the temperature sensor is equal to or greater/less than the mid-temperature as defined in the 

method described in Appendix A. Transitional periods are when the depth of the mid-

temperature occurs between the surface and base of the temperature array at 32 m (104 ft). The 

intake stations were selected due to their proximity to the temperature array, which indicated the 

regime state at the time of sampling. Also, it was assumed that any compositional differences at 

these spatial scales were likely to be small as the samples were collected within approximately 

1 km of one another, whereas the source water stations (SN and SS) were far enough away 

(greater than 1 km) to potentially differ in their assemblage structure from the intake stations due 

to processes other than the advective properties of the internal tide at the Canyon head. There 

were 56 samples from the two intake stations with the 40 m tows, but two of the samples were 

excluded from the analysis. The day samples from Station I2 during survey MLIA12 were not 

included because no fish larvae were collected. The day samples from Station I2 during survey 

MLIA17 were not included because only one larva was collected. The remaining 54 samples 

included 12 samples categorized as being collected during cold water periods, 27 samples during 

warm water periods, and 15 samples during transition periods. A total of 44 separate taxonomic 

categories of fish larvae was included in the analysis, including the category of unidentified 

larvae.  
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Multivariate statistical methods are useful for characterizing communities and measuring 

responses of communities to human-induced and natural variability (Boesch 1977, Green 1979). 

These methods provide representations of community structure and dynamics that can be 

examined for spatial and temporal responses to disturbances or ecological interactions 

(Ardisson et al. 1990, Gray et al. 1990, Agard et al. 1993, Olsgard and Gray 1995). Multivariate 

analysis was used in this report to determine differences in the assemblage structure in the warm, 

cold, and transitional regimes at the Canyon head. All multivariate analyses were conducted 

using PRIMER Version 6.1 (Clarke and Gorley 2001). 

The multivariate technique of non-metric multidimensional scaling (MDS) was used to compare 

the composition of taxa in the warm and cold regimes. Larval fish concentrations from the 54 

samples were used to construct a Bray-Curtis distance matrix among all of the samples in a data 

set. The data were transformed as a square root of the abundance value after adding a constant of 

one to each value (√[x+1]) to account for samples with concentrations of zero. The data were 

transformed prior to calculating Bray-Curtis distances to account for the large range of 

concentrations. MDS constructs an optimal configuration of samples based on the conditions 

imposed by a ranking of the dissimilarities among the samples. Statistically significant 

differences among the samples based on the temperature regime were tested using the PRIMER 

ANOSIM routine (Clarke and Gorley 2001). The relative contribution of individual species to 

the average dissimilarity among the three temperature regimes was analyzed using the PRIMER 

SIMPER routine (Clarke and Gorley 2001). The effects of the individual taxa on the average 

dissimilarity among and within groups is calculated in SIMPER using a permutation routine on 

the original abundance data to recalculate the Bray-Curtis distances among samples by 

sequentially excluding one taxa from the calculations.  

3.6 Two-Part Source Water Body Method 

The ETM developed for this project includes a modification to prior applications of the ETM in 

relation to the estimation of the size of the SWB population derived by the estimate of the 

sampled source water body population (NSi in Equation [1]). The following section presents a 

brief overview of the basis for that modification and a detailed description of the calculations 

that reflect that modification.  

As referenced in the previous section, deep water from within the Canyon is advected into 

shallower depths due to an internal tide that is pronounced at the Canyon head. This 

oceanographic process is documented in both published scientific papers and evident in ongoing 

oceanographic data publicly available through the Moss Landing Marine Laboratories.
2
 This 

water advected from deep within the Canyon demonstrates a net movement out of the Canyon 

and contributes to the source water body from which the proposed intake will entrain larvae.  

                                                      
2
 http://seawater.mlml.calstate.edu/index.php 

http://seawater.mlml.calstate.edu/index.php
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The input of this deep Canyon water to the shallower depths where it can be entrained by the 

desalination intake has implications for quantifying the size of the SWB population in the ETM. 

In order to accommodate the implications of the internal tide in the ETM, a model concept was 

developed by Tenera with input from several independent experts (Erika McPhee-Shaw [Moss 

Landing Marine Laboratories], Jeff Paduan [Naval Postgraduate School] and Leslie Rosenfeld 

[CeNCOOS/MBARI]) under the framework of a Technical Working Group (TWG). It was 

agreed within the TWG that a two-part water body was the most parsimonious solution, 

balancing simplicity and explanatory power to describe the dynamics of the water currents and 

subsequently the potential entrainment effect for the unique circumstances of this project. The 

shelf water body is a shallower, warmer water body which extends throughout Monterey Bay 

and incorporates the primary adult habitat of larval species that would typically be entrained by 

an intake. The second water body is the deeper, colder Canyon water body which is advected 

onto the shelf by the internal tide. In essence, the internal tide results in a twice daily shift in 

temperature regime representing the exchange of water between the warm surface water of the 

bay and the cold deep waters of the Canyon. The periods of time when this cold water is 

advected from the Canyon into shallower depths on the edge of the shelf where the intake pipe is 

proposed to be located are termed the ‘cold regime’ periods in this study, and the ‘warm regime’ 

periods are when that body of water has retreated into the Canyon and no longer contributes to 

the SWB population. The ETM incorporates this additional Canyon SWB population into the 

calculation of proportional mortality according to its temporal presence and corresponding 

volumetric contribution. A more detailed background can be found in Appendix A. 

The following sections describe the estimation of the source water body extents. Specifically, 

these sections describe the calculation of PEi for two regimes. The warm regime PEi uses the 

source water body estimated by ADCP adjusted, CODAR-derived particle tracks. The cold 

regime PEi combines the latter source water body volume with an estimate of the volume of 

water advected from the Canyon. Finally, this section describes the method used for combining 

these two PEi calculations to produce the proportional mortality (PM) for the two part water body 

model.  

3.6.1 Warm Regime Proportional Entrainment 

The PEi calculation presented in Equation (1) represents the proportional entrainment estimated 

for the sampled source water area as shown in Figure 3-4. The areal extent of this sampled 

source water body represents only that population within approximately one day transport 

distance from the proposed intake location (see Section 3.4.3Source Water Body Larval 

Estimates). In the ETM calculation, the warm regime source water body (SWB) was estimated 

based on the ADCP scaled CODAR data as described in Section 3.3.1Ocean Currents. This 

vector grid was used to calculate a set of back-projections using a particle tracking model in a 

step-wise manner from the entrainment location. The model was used to predict advective 

transport towards the intake as a function of the quasi-Lagrangian vector grid defined by the 

CODAR data. In the particle tracking model, vectors are interpolated every hour to the particle 
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location in the adjusted CODAR vector grid. Reverse tracking (back-projection) is achieved by 

reversing the sign on the U and V vectors and tracking the particles step-wise backward in time.  

The particle tracking (back-projection) model was run for each survey period. Particles were 

tracked from a spatial point of origin beginning on the date of each survey through 2012-2013. 

When more than one day was required to sample larvae in the field, the start points were 

centered on the mid–point between these dates. For each period, the back-projections were 

initialized 30 times using different start times randomly selected on the hour within a 120-hour 

period centered on the survey date. The period of time over which a particle was tracked was 

determined by the estimated maximum age of the species of larvae potentially entrained by the 

intake. The maximum extents, upcoast and downcoast from the intake, for each of the 

30 back-projections’ were identified by determining the closest point on the coastline for each 

particle track for each hour. The maximum along coast extent was then determined as the 

distance along the shore between the maximum upcoast and downcoast point for each track and 

these were averaged and this was used to define the coastal extent of the warm regime SWB. All 

points on the back-projections outside of depth limits defined for each taxon were eliminated, but 

points that returned inside these limits were included in determining maximum upcoast and 

downcoast distances.  

The proportional entrainment used during the warm regime in the two part water body model 

was calculated using Equation (7), 

       
 

   

 
   

   
 

 
(7) 

where    
 and    

 are defined as the entrained population and sampled source water body 

population (Equations [3] and [4]) respectively. The parameter PSi is the coastline distance of the 

sampled source water area (15.4 km [9.6 mi.]) as a proportion of the coastline distance between 

the average maximum upcoast and average maximum downcoast extent of the back-projections. 

When the coastline distance of a back-projection was less than 15.4 km, PSi was set to 1. 

The fish taxa analyzed for this assessment varied in their depth ranges. As described above, these 

depth distributions were used to limit the points used in determining the upcoast and downcoast 

limits of the back-projections. Due to the poor coverage of CODAR close to shore, the 

shallowest depth used in limiting the back-projections was 60 m (199 ft), which was shallower 

than the deepest portions of the sampled source water (Figure 3-4). A depth of 300 m (990 ft) 

was used to limit the back-projections for northern anchovy which has a broader depth and 

offshore distribution than the other modeled species.  

The extrapolation of the SWB population using PSi as shown in Equation (7) assumes that the 

depths of the coastline north and south are similar to the depth profile for the sampled source 

water body area. Due to the location of the Canyon near the intake the depths are considerably 
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greater than other areas of the sampled source water body. Therefore, the depth used in 

calculating the volume (VSi) was limited to 90 m (295 ft). As a result, the scaled estimates of the 

SWB population likely underestimate the populations for northern anchovy where the alongshore 

distances were limited to a depth of 300 m (985 ft), but may overestimate the population for 

KGB rockfish and CIQ goby complex larvae which were limited to a depth of 60 m (199 ft). The 

limits for blue rockfish complex, sanddab, and white croaker larvae were 100 m (328 ft) which 

was similar to the depth of the sampled source water body. 

3.6.2 Cold Regime Proportional Entrainment 

In order to estimate the PEi during the cold regime period, the SWB population calculated for the 

warm regime is added to an additional SWB population derived from the advective process 

driven by the internal tide at the head of the Canyon. The volume of water contributed by 

advection from the Canyon was estimated using sub-surface currents obtained with the 600 kHz 

Nortek Aquadopp ADCP located on the northern rim of the Canyon head (Section 3.3.1). 

The volume of cold Canyon water incorporated into the source water body estimate in the ETM, 

and subsequently contributing to the final SWB population, was estimated using data from the 

three ADCP cells closest to the sea bed as these were deemed most representative of the Canyon 

advection (Appendix A). A progressive vector diagram of this ADCP data shows that the flow 

of water is predominantly in a north westerly direction (Figure 3-6). 

The volume of water advected was calculated based on a cross sectional area defined as twice the 

volume of water inshore of the ADCP location. The orientation of the cross section was 

perpendicular to the linear regression of the progressive vector diagram derived from the data 

collected from the three deepest ADCP bins. A schematic representation of the cross-sectional 

area is shown in Figure 3-7.  

The cross-sectional area used in the volume calculations was calculated using a 5 m (16.4 ft) 

bathymetry grid and resulted in an area of 0.015 km
2
 (3.73 acres). The cross sectional area was 

multiplied by the maximum excursion distance along the linear regression of the progressive 

vector from the three deepest ADCP bins during the periods of cold water input for that survey 

period. The maximum excursion differences for the six taxa examined in the ETM are shown in 

Table 3-3 for each survey period. 
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Figure 3-6. Progressive vectors from a Nortek 600 kHz Aquadopp
®
 ADCP. Near-bottom, three 

meter averages were calculated during cold water periods. The time period is from October 13, 

2012 to June 13, 2013 and the beginning of each month is indicated in red. 
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Figure 3-7. Schematic depiction of the cross-sectional area (a) in plan view and (b) in transverse 

section. The solid dark line in (a) represents the net direction of the progressive vector derived 

from the 3 bins above the ADCP. The broken line in (a) indicates the perpendicular cross 

sectional area. This is depicted in (b) by the area to the right (shoreward) of the ADCP. The area 

to the left (seaward) of the ADCP in (b) is equivalent in volume to the former area. Images are 

approximately scaled. 
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Table 3-3. Excursion distances along the linear regression of the progressive vector in km for the 14 

survey periods for six taxa of larval fishes. Excursions are the sum of the average current vectors from 

the three cells above the ADCP collected near the head of the Monterey Submarine Canyon. The average 

vectors are hourly for the larval duration (shown in days) beginning on the survey date for the periods of 

time the temperature indicates a cold regime. 

Survey 
Survey 

Date 

White 
croaker 
(14.72 d) 

Blue 
rockfish 
complex 
(9.61 d) 

KGB 
rockfish 
complex 
(8.05 d) 

CIQ goby 
complex 
(30.47 d) 

Sanddabs 
(23.73 d) 

Northern 
anchovy 
(25.78 d) 

MLIA04 6/22/2012 47.66 30.30 25.25 95.55 72.18 78.31 

MLIA05 7/30/2012 47.66 30.30 25.25 95.55 72.18 78.31 

MLIA06 8/22/2012 47.66 30.30 25.25 95.55 72.18 78.31 

MLIA07 9/21/2012 47.66 30.30 25.25 95.55 72.18 78.31 

MLIA08 10/25/2012 47.66 30.30 25.25 43.74 43.74 43.74 

MLIA09 12/13/2012 14.11 13.82 13.33 32.33 24.13 24.91 

MLIA10 1/21/2013 25.24 18.63 13.65 48.38 44.27 46.32 

MLIA11 2/11/2013 30.17 14.02 12.85 50.23 34.52 35.71 

MLIA12 3/28/2013 58.93 40.71 33.95 112.52 80.13 88.57 

MLIA13 4/11/2013 57.29 35.62 30.82 118.45 95.39 103.22 

MLIA14 4/25/2013 57.79 33.21 28.11 121.73 90.35 97.97 

MLIA15 5/8/2013 54.48 36.35 28.78 119.74 87.86 97.90 

MLIA16 5/29/2013 71.41 46.44 38.10 120.35 90.47 97.12 

MLIA17 6/14/2013 59.53 33.88 27.67 136.25 102.55 113.04 

An estimate of the population of larvae in the Canyon water (   
) could then be calculated using 

larval concentrations from the field samples collected at the two intake stations I2 and I3 using 

Equation (8), 

   
      

    
  (8) 

where     
 is the daily average intake concentration estimated from the samples collected at 

stations I2 and I3 from the 40 m deep tows for the survey period i. The parameter     
and the 

associated variance were calculated based on a stratified random design with two cycles (day and 

night) and two stations per cycle and was the same as      in Equation (4) and the larval 

concentration estimates at the intake described in Section 3.4.1Intake Station Sampling and 

Entrainment Larval Estimates. 

The estimated population of larvae input from deep water was then added to the SWB population 

calculated for the shelf water body to calculate the PEi applied during periods of the cold regime 

using Equation (9), 

       
 

   

 
   
   

     

 . (9) 
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3.6.3 Estimating Proportional Mortality 

The goal of the ETM is to produce an estimate of the mortality attributable to the desalination 

intake, independent of other mortality rates that may occur to the population. This can be 

referred to as the conditional mortality associated with the desalination intake. This estimate in 

the ETM is called the proportional mortality (PM) and is calculated for each taxa individually by 

compounding the survival rate (1-PEi) over the larval duration defined as the period of time the 

larvae are susceptible to entrainment. The period of time the larvae are susceptible to 

entrainment is determined as the maximum age of the larvae sampled (Steinbeck et al. 2007). 

In this application of the ETM, in order to combine the two independent estimates of PEi 

(Equations [7] and [9]) in the calculation of PM, the PEi values for each taxon are also 

compounded by the proportion of time the associated regime (warm or cold) is present at the 

intake during the larval duration immediately prior to the survey date. Further detail on the 

method used for determining the periods of cold and warm regimes are described in Appendix 

A.  

The final estimate of ETM proportional mortality (PM) based on the two PEi calculations from 

Equations (7) and (9) was calculated using Equation (10), 

        
 
               

          
               

          
    , (10) 

where fi = fraction of population present in the sampled source water during survey i, d is the 

larval duration for a selected taxon, and       
 and       

 are the proportions of time during 

period i that the warm and cold regimes, respectively, are present at the intake as defined in 

Appendix A. Since the PEs are converted to survival by subtraction from unity, the two values 

are multiplied to provide the total survival for the survey period.  
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4.0 Assessment Results 

The following sections present the results of the field, laboratory, and modeling work. The first 

section presents information about the actual sampling dates and tow characteristics. The second 

section describes the larval abundances at the proposed intake location and provides annual 

entrainment estimates. The third section presents the larval abundance estimates at the source 

water stations SN and SS. The fourth section presents the results of the analysis of both depth 

and regime on the abundance and composition of larval fishes and target invertebrates. The final 

section presents an overview of each taxon that has been assessed for entrainment effects by the 

ETM, the abundance of those taxa, and the results of the ETM analysis for those taxa. 

4.1 Sampling Data 

Sampling for the 12-month baseline characterization study was initiated on June 21, 2012 and 

completed on June 14, 2013. A total of 14 surveys were conducted throughout this period 

(Table 4-1). In the months of March through June, surveys were conducted approximately every 

two weeks as larval fish concentrations were expected to be greatest during this period. During 

the remaining winter and summer months, surveys were conducted approximately monthly and 

during Fall, surveys were conducted approximately every six weeks. Weather and sea state 

conditions affected the timing of each survey trip, so the intervals between surveys varied. 

Furthermore, some surveys required multiple days to collect all the samples. This was primarily 

due to large concentrations of jellyfish and ctenophores that compromised the samples, and/or 

weather conditions limiting safe working conditions on the boat. The maximum depths for each 

tow recorded by the pressure logger are shown in Figure 4-1. 
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Table 4-1. Summary of the towed plankton net samples collected at the intake stations (I2 and I3) and 

source water stations (SS and SN) for night and day cycles by tow depth (25 m or 40 m).  

Survey Date 

Day Night 

I2 I3 SN SS I2 I3 SN SS 

25m 40m 25m 40m 25m 40m 25m 40m 25m 40m 25m 40m 25m 40m 25m 40m 

MLIA04 6/21/12 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

MLIA05 6/26/12     ● 
   

 ● ● ●     

 
8/2/12 ● ● ● ● 

    
        

 
8/3/12     

 
● ● ● ●    ● ●   

MLIA06 8/21/12 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

MLIA07 9/21/12 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

MLIA08 10/25/12 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

MLIA09 12/13/12 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

MLIA10 1/17/13 ● ●   ● ● 
  

        

 
1/24/13   ● ● 

  
● ● ● ● ● ● ● ● ● ● 

MLIA11 2/11/13 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

MLIA12 3/28/13 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

MLIA13 4/11/13 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

MLIA14 4/25/13 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

MLIA15 5/8/13 ● ● ● ● ● ● ● ● ● ●       

 
5/9/13     

    
  ● ● ● ● ● ● 

MLIA16 5/28/13 ● ● ● ● ● ● ● ● ● ● ● ● ● ●   

MLIA17 6/14/13 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 

*Missing tows at the Station SS at night occurred on the MLIA05 and MLIA16 surveys due to excessive gelatinous organisms 

fouling the nets on these surveys. 
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Figure 4-1. Maximum depths per tow (●) for 25 m and 40 m depth tows for all of the surveys (prefix MLIA…), stations, and cycle (day or night). 

Also shown is the average maximum depth per survey, depth and cycle ( ) and absolute range in maximum depth (). 
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4.2 Larval Abundances: Intake Stations 

The following section presents fish larvae and target invertebrate larvae concentrations collected 

by the deeper of the paired tows (40 m deep tows) at the intake stations (I2 and I3) from June 21, 

2012 through June 14, 2013, and provides information on the day/night comparison of larval fish 

concentrations by survey. Estimated annual entrainment of larval fishes and target invertebrates 

is provided. Larval data by survey are presented in Appendix B. A list of the surveys and dates 

of completion is shown in Table 4-1.  

The counts and concentrations of fish larvae collected at intake stations I2 and I3 from the 40 m 

deep tows from June 21, 2012 through June 14, 2013 are presented in Table 4-2. There were 

7,258 individual larvae sampled in 45 taxonomic groups collected from the 40 m deep tows at 

the intake stations within the survey period. Three taxa comprised nearly 80% of the total mean 

concentration of larval fishes collected in these tows. These were northern anchovy (Engraulis 

mordax), white croaker (Genyonemus lineatus), and CIQ goby complex. Northern anchovy 

constituted nearly 50% of the total mean concentration of larval fishes collected, white croaker 

constituted more than 25%, and CIQ gobies constituted more than 5%. The fourth most abundant 

taxon was larval/post-larval fishes that could not be identified (slightly less than 5% of the total 

mean concentration of larval fishes collected). The remainder of the 10 most highly ranked taxa 

by mean concentration at the intake stations in rank order are bay goby (Lepidogobius lepidus), 

sanddabs (Citharichthys spp.), lanternfishes (Myctophidae), blue rockfish complex (Sebastes 

spp. V), smelts (Osmeridae) and Pacific sardine (Sardinops sagax). These six taxa represent 

13.8% of the total mean concentration of larval fishes collected.  
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Table 4-2. Counts and concentrations of fish larvae and target invertebrate larvae collected at the two 

intake stations (I2 and I3) in the 40 m deep tows from June 21, 2012 through June 14, 2013. 

Rank Taxon Common Name 
Total # 

Collected 
Mean Conc. 
(#/1,000 m3) 

Percent of 
Total Mean 

Conc. 
Cumulative 

Percent 

Fish Larvae      

1 Engraulis mordax northern anchovy 3,616 267.79 48.55 48.55 

2 Genyonemus lineatus white croaker 1,978 140.93 25.55 74.09 

3 CIQ goby complex gobies 341 32.43 5.88 79.97 

4 larval/post-larval fish larval fishes 307 25.58 4.64 84.61 

5 Lepidogobius lepidus bay goby 233 14.75 2.67 87.28 

6 Citharichthys spp. sanddabs 128 9.43 1.71 88.99 

7 Myctophidae lanternfishes 80 7.91 1.43 90.43 

8 Sebastes spp. V blue rockfish complex 106 7.73 1.40 91.83 

9 Osmeridae smelts 56 5.58 1.01 92.84 

10 Sardinops sagax Pacific sardine 46 5.41 0.98 93.82 

11 Ammodytes hexapterus Pacific sand lance 36 4.87 0.88 94.70 

12 Leptocottus armatus Pacific staghorn sculpin 47 3.99 0.72 95.43 

13 Paralichthys californicus California halibut 42 2.93 0.53 95.96 

14 Neoclinus spp. fringeheads 34 2.58 0.47 96.43 

15 Lepidopsetta bilineata rock sole 23 2.41 0.44 96.86 

16 Parophrys vetulus English sole 23 2.33 0.42 97.29 

17 Pleuronectidae righteye flounders 22 2.33 0.42 97.71 

18 Symphurus atricaudus California tonguefish 18 1.79 0.32 98.03 

19 Sebastes spp. V_ KGB rockfish complex 17 1.48 0.27 98.30 

20 Bathymasteridae ronquils 10 1.18 0.21 98.52 

21 Cottidae sculpins 12 1.02 0.18 98.70 

22 Atherinopsis californiensis jacksmelt 10 0.75 0.14 98.84 

23 Rhinogobiops nicholsi blackeye goby 6 0.63 0.11 98.95 

24 Artedius spp. sculpins 7 0.55 0.10 99.05 

25 Lyopsetta exilis slender sole 4 0.54 0.10 99.15 

26 Pleuronectoidei flatfishes 4 0.50 0.09 99.24 

27 Odontopyxis trispinosa pygmy poacher 5 0.47 0.09 99.32 

28 Icelinus quadriseriatus yellowchin sculpin 8 0.39 0.07 99.39 

29 Pleuronichthys verticalis hornyhead turbot 4 0.31 0.06 99.45 

30 Merluccius productus Pacific hake 3 0.30 0.05 99.51 

31 Oxyjulis californica senorita 2 0.27 0.05 99.55 

32 Bathylagidae blacksmelts 2 0.26 0.05 99.60 

33 Zaniolepis frenata shortspine combfish 2 0.26 0.05 99.65 

34 Orthonopias triacis snubnose sculpin 4 0.25 0.05 99.69 

35 Cyclopteridae snailfishes 4 0.25 0.05 99.74 

36 Syngnathidae pipefishes 4 0.25 0.05 99.78 

37 Cebidichthys violaceus monkeyface prickleback 2 0.18 0.03 99.82 

38 Gillichthys mirabilis longjaw mudsucker 2 0.18 0.03 99.85 

39 Chitonotus/Icelinus spp. sculpins 2 0.16 0.03 99.88 

40 Ruscarius creaseri roughcheek sculpin 1 0.14 0.03 99.90 

41 Xystreurys liolepis fantail sole 2 0.13 0.02 99.93 

43 Agonidae poachers 1 0.11 0.02 99.97 

42 Gibbonsia spp. kelpfishes 1 0.13 0.02 99.95 

table continued 
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Table 4-2 (continued). Counts and concentrations of fish larvae and target invertebrate larvae collected 

at the two intake stations (I2 and I3) in the 40 m deep tows from June 21, 2012 through June 14, 2013. 

Rank Taxon Common Name 
Total # 

Collected 
Mean Conc. 
(#/1,000 m3) 

Percent of 
Total Mean 

Conc. 
Cumulative 

Percent 

44 Pleuronichthys spp. turbots 2 0.11 0.02 99.99 

45 Oligocottus/Clinocottus spp. sculpins 1 0.05 0.01 100.00 

 
Totals 7,258 551.62 100.00   

Target Invertebrate Larvae      

1 
Metacarcinus magister 
(megalops) 

Dungeness crab 
megalops 

2,145 225.53 69.01 69.01 

2 
Romaleon antennarius/ 

Metacarcinus grac. (megalops) 
Cancer crabs 1,054 80.57 24.65 93.66 

3 Cancridae (megalops) cancer crab megalops 95 8.42 2.58 96.23 

4 Doryteuthis opalescens market squid 67 5.7 1.74 97.98 

5 
Metacarcinus anthonyi 
(megalops) 

yellow crab megalops 59 3.6 1.10 99.08 

6 
Cancer productus/ 

Romaleon spp. (megalops) 
rock crab megalops 30 3.01 0.92 100.00 

 
Totals 3,450  326.82  100.00 

 
 

The mean concentrations of larval fishes collected by survey from the 40 m deep tows at the 

intake stations (I2 and I3) from June 21, 2012 through June 14, 2013 are shown in Figure 4-2. 

The highest concentration of larval fishes was observed in December 2012 during survey 

MLIA09. This concentration was more than 10 times greater than the next highest concentration, 

and constituted more than 67% of the total mean concentration of larval fishes from June 21, 

2012 through June 14, 2013. The highest concentrations were observed in fall and winter 

surveys, particularly October (MLIA08), December (MLIA09), January (MLIA10), and 

February (MLIA11). Nearly 84% of the total mean concentration of larval fishes occurred during 

these four surveys. 

There was no clear difference between the day and night larval fish concentrations in the 40 m 

deep tows at the intake stations (I2 and I3) from June 21, 2012 through June 14, 2013 (Figure 4-

3). In nine of the 14 of surveys, the sampled mean day concentration was greater than the 

sampled mean night concentration of larval fish. 

The counts and concentrations of target invertebrate larvae collected at intake stations I2 and I3 

in the 40 m deep tows from June 21, 2012 through June 14, 2013 included several taxa of Cancer 

crab megalops and market squid paralarvae (recently hatched) (Table 4-2). There were 

3,450 individual larvae sampled in six taxonomic groups collected from the 40 m deep tows at 

the intake stations within the survey period. Two taxa comprised more than 93% of the total 

mean concentration of target invertebrate larvae collected. These were Dungeness crab megalops 

(Metacarcinus magister) and a composite group of the two Cancer crab species megalops, the 

Pacific rock crab (Romaleon antennarius), and the slender rock crab (Metacarcinus gracilis). 

Dungeness crab megalops constituted nearly 70%, and Cancer crab megalops constituted nearly 
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25% of the total mean concentration of target invertebrate larvae. The other four taxa in rank 

order included damaged cancer crab megalops, market squid (Doryteuthis opalescens), yellow 

crab megalops (Metacarcinus anthonyi) and rock crab megalops, which is a composite taxa of 

two species, either red rock crab (Cancer productus) or Romaleon spp. 

 

Figure 4-2. Mean concentration (#/1,000 m
3
) and standard error for all larval fishes collected 

by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 through June 14, 

2013.  

Annual entrainment estimates by taxon based on projected intake volumes of 94,635 m
3
 per day 

(25 MGD) and 238,481 m
3
 per day (63 MGD) and on concentrations from samples collected at 

the intake stations (I2 and I3) in the 40 m tows are presented in Table 4-3. Annual larval fish 

entrainment estimates ranged from 28.6 million to 72.0 million larvae and target invertebrate 

estimates ranged from 8.9 million to 22.3 million larvae using the 25 and 63 MGD intake 

volumes, respectively. 
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Figure 4-3. Mean concentration (#/1,000 m
3
) in night and day samples for all larval fishes 

collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 

through June 14, 2013.  
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Table 4-3. Annual entrainment estimates and standard errors for larval fishes and target invertebrates 

collected from June 21, 2012 through June 14, 2013 at intake stations I2 and I3 in the 40 m tows based 

on intake volumes of 94,635 m
3
 per day (25 MGD) and 238,481 m

3
 per day (63 MGD). 

  

Annual Entrainment  
(94,635 m3 per day) 

Annual Entrainment 
(238,481 m3 per day) 

Taxon Common Name  Estimate   Std. Error   Estimate  Std. Error  

Fishes 
 

    

Engraulis mordax northern anchovy 15,224,457 352,648 38,365,623 888,673 

Genyonemus lineatus white croaker 7,734,933 158,257 19,492,026 398,809 

CIQ goby complex gobies 1,085,411 45,925 2,735,235 115,730 

larval/post-larval fish larval fishes 1,054,559 47,041 2,657,489 118,544 

Lepidogobius lepidus bay goby 670,541 12,999 1,689,764 32,757 

Citharichthys spp. sanddabs 478,530 10,734 1,205,896 27,050 

Myctophidae lanternfishes 336,051 22,348 846,849 56,316 

Sebastes spp. V group larvae blue rockfish complex 293,599 13,543 739,870 34,127 

Ammodytes hexapterus Pacific sand lance 213,124 21,838 537,074 55,031 

Leptocottus armatus Pacific staghorn sculpin 178,802 8,483 450,581 21,378 

Paralichthys californicus California halibut 167,381 6,396 421,799 16,118 

Osmeridae smelts 147,962 10,841 372,865 27,318 

Sardinops sagax Pacific sardine 127,527 10,326 321,368 26,021 

Lepidopsetta bilineata rock sole 105,761 10,580 266,518 26,661 

Pleuronectidae righteye flounders 104,006 12,041 262,096 30,344 

Parophrys vetulus English sole 97,606 6,278 245,968 15,820 

Neoclinus spp. fringeheads 97,123 7,335 244,749 18,485 

Symphurus atricaudus California tonguefish 87,068 8,804 219,411 22,187 

Sebastes spp. V_ group larvae KGB complex rockfish  42,701 4,527 107,607 11,408 

Bathymasteridae ronquils 40,323 5,698 101,615 14,359 

Cottidae sculpins 37,815 4,036 95,293 10,170 

Atherinopsis californiensis jacksmelt 36,093 3,304 90,954 8,327 

Pleuronectoidei flatfishes 21,872 3,807 55,117 9,595 

Rhinogobiops nicholsi blackeye goby 21,340 2,370 53,776 5,972 

Artedius spp. sculpins 18,801 2,131 47,378 5,369 

Pleuronichthys verticalis hornyhead turbot 17,971 2,709 45,286 6,827 

Odontopyxis trispinosa pygmy poacher 17,824 2,178 44,917 5,489 

Lyopsetta exilis slender sole 16,645 2,433 41,944 6,131 

Icelinus quadriseriatus yellowchin sculpin 16,199 2,909 40,820 7,332 

Merluccius productus Pacific hake 11,881 1,577 29,940 3,973 

Syngnathidae pipefishes 10,103 1,815 25,460 4,573 

Cyclopteridae snailfishes 10,103 1,815 25,460 4,573 

Orthonopias triacis snubnose sculpin 9,893 1,806 24,930 4,551 

table continued 
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Table 4-3 (continued). Annual entrainment estimates and standard errors for larval fishes and target 

invertebrates collected from June 21, 2012 through June 14, 2013 at intake stations I2 and I3 in the 40 m 

tows based on intake volumes of 94,635 m
3
 per day (25 MGD) and 238,481 m

3
 per day (63 MGD). 

  

Annual Entrainment  
(94,635 m3 per day) 

Annual Entrainment 
(238,481 m3 per day) 

Taxon Common Name  Estimate  Std. Error   Estimate  Std. Error  

Fishes 
     Xystreurys liolepis fantail sole 7,246 1,118 18,261 2,818 

Chitonotus/Icelinus spp. sculpins 6,332 1,156 15,956 2,913 

Gillichthys mirabilis longjaw mudsucker 5,576 1,138 14,052 2,868 

Oxyjulis californica senorita 4,840 937 12,196 2,362 

Bathylagidae blacksmelts 4,760 1,272 11,994 3,206 

Zaniolepis frenata shortspine combfish 4,760 1,272 11,994 3,206 

Cebidichthys violaceus monkeyface prickleback 4,488 756 11,310 1,904 

Pleuronichthys spp. turbots 3,768 739 9,496 1,862 

Agonidae poachers 2,549 618 6,422 1,558 

Ruscarius creaseri roughcheek sculpin 2,014 607 5,075 1,530 

Gibbonsia spp. kelpfishes 1,835 553 4,624 1,394 

Oligocottus/Clinocottus spp. sculpins 1,737 355 4,377 893 

Totals 
 

28,583,908 
 

72,031,432 
 

      Invertebrates 
     Metacarcinus magister dungeness crab megalops 5,549,990 234,332 13,985,972 590,518 

Romaleon anten./  
Metacarcinus grac. cancer crab megalops 2,732,482 153,313 6,885,853 386,349 

Cancridae damaged cancer crab megalops 201,489 27,784 507,752 70,016 

Metacarcinus anthonyi yellow crab megalops 142,814 6,533 359,890 16,463 

Doryteuthis opalescens market squid 142,038 15,694 357,935 39,549 

Cancer productus/Romaleon spp.  rock crab megalops 93,207 6,285 234,881 15,837 

Totals 
 

8,862,019 
 

22,332,283 
 

4.3 Larval Abundances at the Source Water Stations 

The following section presents fish larvae and target invertebrate larvae concentrations collected 

by the 40 m and 25 m paired tows (combined) at the source water stations (SS and SN) from 

June 21, 2012 through June 14, 2013, and provides information on the day/night comparison of 

larval fish concentrations by survey. Larval data by survey are presented in Appendix B. 

The counts and concentrations of fish larvae collected at the source water stations SS and SN 

during the survey period are presented in Table 4-4. There were 13,313 individual larvae 

sampled in 52 taxonomic groups. Three taxa comprised nearly 80% of the total mean 

concentration of larval fishes collected at the source water stations: northern anchovy, white 

croaker, and lanternfishes. Northern anchovy constituted nearly 52% of the total mean 
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concentration of larval fishes collected, white croaker constituted nearly 19%, and lanternfishes 

constituted more than 8%. The remainder of the 10 most highly ranked taxa by mean 

concentration in rank order are blue rockfish complex, sanddabs, larval/post-larval fishes, bay 

goby, KGB rockfish complex (Sebastes spp. V_), English sole (Parophrys vetulus) and sculpins 

(Cottidae). These seven taxa represent 15.6% of the total mean concentration of larval fishes 

collected.  

The mean concentrations of larval fishes collected by survey at source water stations SS and SN 

in the 40 and 25 m tows (combined) are shown in Figure 4-4. The highest concentration of larval 

fishes (collected in December [MLIA09]) was nearly six times greater than the next highest 

concentration, and constituted nearly 69% of the total mean concentration of larval fishes. 

Highest concentrations of larval fishes were observed in fall and winter surveys, particularly 

October (MLIA08), December (MLIA09), January (MLIA10), and February (MLIA11). More 

than 90% of the total mean concentration of larval fishes occurred during these surveys. 

There was no clear difference between the day and night larval fish concentrations collected in 

the 25 and 40 m tows (combined) at the source water stations (SS and SN) from June 21, 2012 

through June 14, 2013 (Figure 4-5). In eight of 14 of the surveys the mean day concentration of 

larval fishes was greater than the mean night concentration of larval fishes. 

The counts and concentrations of target invertebrate larvae collected at the source water stations 

SS and SN in the 40 m and 25 m tows (combined) from June 21, 2012 through June 14, 2013 are 

presented in Table 4-4. Target invertebrate larvae included several taxa of Cancer crab megalops 

and market squid paralarvae (recently hatched). There were 6,127 individual larvae from six 

taxonomic groups collected during the survey period. Two taxa comprised more than 88% of the 

total mean concentration of target invertebrate larvae collected at these stations and tow depths: 

Dungeness crab megalops and a composite group of the two Cancer crab species megalops, the 

Pacific rock crab and the slender rock crab. Cancer crab megalops constituted nearly 47% and 

Dungeness crab megalops constituted nearly 42% of the total mean concentration of target 

invertebrate larvae. The other four taxa in rank order included market squid, yellow crab 

megalops, damaged cancer crab megalops, and rock crab megalops, which is a composite taxa of 

two species (either red rock crab or Romaleon spp). 
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Table 4-4. Counts and concentrations of fish larvae and target invertebrate larvae collected at the two 

source water stations (SS and SN) in the 40 m and 25 m tows combined from June 21, 2012 through 

June 14, 2013. 

Rank Taxon Common Name 
Total # 

Collected 
Mean Conc. 
(#/1,000 m3) 

Percent of 
Total Mean 

Conc. 
Cumulative 

Percent 

Fish Larvae      

1 Engraulis mordax northern anchovy 6,694 343.06 51.68 51.68 

2 Genyonemus lineatus white croaker 2,555 124.99 18.83 70.50 

3 Myctophidae lanternfishes 1,196 56.51 8.51 79.01 

4 Sebastes spp. V blue rockfish complex 665 29.63 4.46 83.48 

5 Citharichthys spp. sanddabs 690 29.53 4.45 87.93 

6 larval/post-larval fish larval fishes 324 17.88 2.69 90.62 

7 Lepidogobius lepidus bay goby 165 8.83 1.33 91.95 

8 Sebastes spp. V_ KGB rockfish complex 192 8.82 1.33 93.28 

9 Parophrys vetulus English sole 65 4.82 0.73 94.00 

10 Cottidae sculpins 67 4.31 0.65 94.65 

11 Merluccius productus Pacific hake 92 4.24 0.64 95.29 

12 Sebastes spp. rockfishes 94 4.04 0.61 95.90 

13 Bathymasteridae ronquils 59 3.42 0.52 96.42 

14 Peprilus simillimus Pacific butterfish 74 3.08 0.46 96.88 

15 Lepidopsetta bilineata rock sole 40 2.48 0.37 97.25 

16 Pleuronectidae righteye flounders 30 1.99 0.30 97.55 

17 Liparis spp. snailfishes 27 1.47 0.22 97.77 

18 Bathylagidae blacksmelts 16 1.32 0.20 97.97 

19 Lyopsetta exilis slender sole 20 1.28 0.19 98.17 

20 Rhinogobiops nicholsi blackeye goby 25 1.17 0.18 98.34 

21 Chitonotus/Icelinus spp. sculpins 26 1.06 0.16 98.50 

22 Paralichthys californicus California halibut 23 1.05 0.16 98.66 

23 Ammodytes hexapterus Pacific sand lance 12 0.86 0.13 98.79 

24 CIQ goby complex gobies 16 0.83 0.13 98.91 

25 Leptocottus armatus Pacific staghorn sculpin 15 0.67 0.10 99.01 

26 Neoclinus spp. fringeheads 13 0.65 0.10 99.11 

27 Pleuronectoidei flatfishes 14 0.61 0.09 99.20 

28 Symphurus atricaudus California tonguefish 12 0.55 0.08 99.29 

29 Artedius spp. sculpins 8 0.48 0.07 99.36 

30 Zaniolepis frenata shortspine combfish 5 0.45 0.07 99.43 

31 Agonidae poachers 12 0.44 0.07 99.49 

32 Pleuronichthys verticalis hornyhead turbot 7 0.35 0.05 99.55 

33 Oligocottus/Clinocottus spp. sculpins 7 0.32 0.05 99.59 

34 Pleuronichthys spp. turbots 5 0.32 0.05 99.64 

35 Psettichthys melanostictus sand sole 4 0.29 0.04 99.69 

36 Ruscarius meanyi Puget Sound sculpin 2 0.26 0.04 99.73 

37 Gibbonsia spp. kelpfishes 4 0.22 0.03 99.76 

38 Pleuronichthys ritteri spotted turbot 4 0.22 0.03 99.79 

39 Chitonotus pugetensis roughback sculpin 4 0.18 0.03 99.82 

40 Icelinus quadriseriatus yellowchin sculpin 3 0.16 0.02 99.84 

table continued 
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Table 4-4 (continued). Counts and concentrations of fish larvae and target invertebrate larvae collected at 

the two source water stations (SS and SN) in the 40 m and 25 m tows combined from June 21, 2012 

through June 14, 2013. 

Rank Taxon Common Name 
Total # 

Collected 

Mean 
Conc. 

(#/1,000 m3) 

Percent 
of Total 

Mean Conc. 
Cumulative 
Percent 

44 Icichthys lockingtoni medusa fish 4 0.12 0.02 99.92 

45 Typhlogobius californiensis blind goby 2 0.1 0.02 99.94 

46 Sardinops sagax Pacific sardine 3 0.1 0.02 99.95 

47 Ruscarius creaseri roughcheek sculpin 1 0.07 0.01 99.96 

48 Odontopyxis trispinosa pygmy poacher 2 0.07 0.01 99.97 

49 Isopsetta isolepis butter sole 1 0.06 0.01 99.98 

50 Hexagrammos spp. greenlings 2 0.05 0.01 99.99 

51 Oxyjulis californica senorita 1 0.03 <0.01 100.00 

52 Oxylebius pictus painted greenling 1 0.03 <0.01 100.00 

Totals 
 

13,313 663.88 100   

Target Invertebrate Larvae      

1 Romaleon antennarium/ 

Metacarcinus grac. (megalops) 

cancer crabs 2,973 135.64 46.80 46.80 

2 Metacarcinus magister 
(megalops) 

dungeness crab 
megalops 

2,387 121.07 41.78 88.58 

3 Doryteuthis opalescens market squid 371 15.54 5.36 93.94 

4 Metacarcinus anthonyi 
(megalops) 

yellow crab megalops 194 8.96 3.09 97.04 

5 Cancridae damaged (megalops) damaged cancer crab 
megalops 

164 7.03 2.43 99.46 

6 Cancer productus/ 

Romaleon spp. (megalops) 

rock crab megalops 37 1.56 0.54 100.00 

Totals 
 

6,127 289.80  100 
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Figure 4-4. Mean concentration (#/1,000 m
3
) and standard error for all larval fishes collected 

by the 40 m and 25 m tows at the source water stations (SS and SN) from June 21, 2012 

through June 14, 2013.  
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Figure 4-5. Mean concentration (#/1,000 m
3
) in night and day samples for all larval fishes 

collected by the 40 m and 25 m tows at the source water stations (SS and SN) from June 21, 

2012 through June 14, 2013.  
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4.4 Larval Abundance Differences with Depth 

Overall, the average difference between larval fish concentrations (untransformed estimates) 

from the upper ([Concentration]Upper) and deeper ([Concentration]Deep) strata 

(see Section 3.5.1Larval Abundance Differences with Depth) was 0.624 larvae per m
3
 

(std. error = 0.260) with average (untransformed) concentrations in the upper and deeper strata of 

0.895 and 0.271 larvae per m
3
, respectively. A statistically significant difference was detected 

between the log transformed (log[x+0.01]) concentrations at the two depths using ANOVA 

(f-value=50.44 prob.=<0.0001).  

The concentration of larval fishes in the paired 25 m and 40 m deep tows at all stations is shown 

in Figure 4-6. For most of the paired samples, the larval fish concentrations from the 25 m tow 

was higher or similar in value to the larval fish concentrations from the 40 m deep tows.  

Statistically significant differences were also detected between the two depths for the analyses of 

the larval fish concentrations at the intake stations (f-value=45.23, prob.=<0.0001) and source 

water stations (f-value=11.56, prob.=0.0013). Although the differences were significant at both 

sets of stations, the differences at the intake stations were more consistent across surveys 

(Figure 4-7). 
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Figure 4-6. Concentrations (# per m
3
) collected by 25 and 40 m tows for all fish larvae combined from 

June 21, 2012 through June 14, 2013. Plots are arranged in paired tows (25 m and 40 m deep tows) for 

each station (I2, I3, SN, and SS), for each survey, and by day (D) or night (N) cycle. The y-axis scale 

varies for each survey.  
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Figure 4-7. Average concentrations (# per 1,000 m
3
) per survey for all fish larvae combined for the 

deep and shallow sampling depths at a) the two intake stations (I2 and I3) and b) the two source water 

stations (SS and SN). Averages were calculated across the day/night sampling cycles at the stations 

during each survey. 

a) 

b) 
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4.5 Differences in Water Body Larval Composition 

The results of the multi-dimensional scaling (MDS) showed that the larval fish composition 

during the cold water periods was somewhat distinct from the warm and transition periods, 

which showed considerably greater variability among samples (Figure 4-8). The ANOSIM 

analysis of the samples for the three temperature periods detected a statistically significant 

difference between the samples collected during cold periods and the samples collected during 

the warm (probability = 0.001) and transition (probability = 0.009) periods. No difference was 

detected between the warm and transition period samples (probability = 0.073).  

 

Figure 4-8. Multi-dimensional scaling (MDS) analysis of larval fish concentrations for 44 

taxonomic categories of larval fishes from 54 samples collected by the 40 m deep tows at intake 

stations (I2 and I3) categorized as being collected during warm (▲W), transition (▼T), and cold 

(■C) water periods.  

The SIMPER analysis of the taxa contributing to the differences between the warm and cold 

water periods showed a large difference in the larval fish composition, with an overall 

dissimilarity between the periods of almost 83% (Table 4-5). The average concentrations of 

larvae during the cold water periods were generally lower for most of the taxa with an average 

concentration per sample for all fish larvae of 0.38 larvae per m
3
 during the cold periods 

compared with an average concentration of 1.48 larvae per m
3
 during the warm water periods. 
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The number of taxa collected from each sample was also lower during the cold periods with 3.4 

taxa per sample compared with an average of 6.6 taxa per sample during the warm water periods.  

Table 4-5. Results of SIMPER analysis comparing taxa contributing to up to 90% of the 

difference (dissimilarity) between the warm and cold period sample groups, which had a total 

dissimilarity of 82.9%. 

Taxonomic Category 

Warm Period 
Average 

Concentration 
(# per m3) 

Cold Period 
Average 

Concentration 
(# per m3) 

Average 
Dissimilarity 

Percentage 
Contribution 

to Total 
Dissimilarity 

Cumulative 
Percentage 

Contribution 
to Total 

Dissimilarity 

Genyonemus lineatus  0.27 0.01 11.21 13.52 13.52 

Engraulis mordax  0.31 0.03 10.34 12.48 26.00 

CIQ goby complex  0.17 0.06 10.02 12.10 38.10 

larval/post-larval fish  0.14 0.08  7.42  8.96 47.06 

Lepidogobius lepidus  0.12 0.03  7.21  8.70 55.76 

Osmeridae  0.06 0.00  5.00  6.04 61.80 

Sebastes spp. V (blue complex) 0.04 0.02  3.08  3.71 65.51 

Citharichthys spp  0.07 0.00  2.66  3.21 68.72 

Sardinops sagax 0.02 0.03  2.60  3.14 71.86 

Myctophidae 0.04 0.01  2.40  2.89 74.75 

Leptocottus armatus 0.04 0.00  2.38  2.88 77.63 

Sebastes spp. V_ (KGB complex) 0.02 0.02  1.76  2.12 79.75 

Parophrys vetulus 0.01 0.00  1.74  2.09 81.85 

Neoclinus spp. 0.03 0.01  1.65  1.99 83.84 

Lepidopsetta bilineata 0.00 0.02  1.42  1.71 85.55 

Bathymasteridae 0.00 0.01  1.13  1.36 86.91 

Atherinopsis californiensis 0.01 0.01  1.10  1.33 88.24 

Artedius spp. 0.01 0.01  0.97  1.17 89.40 

Lyopsetta exilis 0.00 0.01  0.87  1.05 90.45 
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4.6 Results for Individual Taxa  

4.6.1 Northern Anchovy (Engraulis mordax) 

Northern anchovy (Engraulis mordax) range 

from British Columbia to southern Baja 

California (Emmett et al. 1991). Juveniles are 

generally more common inshore and in 

estuaries. Eggs are found from the surface to 

50 m (164 ft), and larvae are found from the surface to 75 m (246 ft) in epipelagic and nearshore 

waters (Garrison and Miller 1982). Northern anchovy larvae feed on dinoflagellates, rotifers, and 

copepods (MBC 1987), while juveniles and adults feed on zooplankton, including planktonic 

crustaceans and fish larvae (Fitch and Lavenberg 1975, Frey 1971, Hart 1973, PFMC 1983). 

Northern anchovy feed largely during the night, though they were previously thought to feed 

mainly during the day (Allen and DeMartini 1983). Three genetically distinct subpopulations are 

recognized for northern anchovy: (1) northern subpopulation, from northern California to British 

Columbia; (2) central subpopulation, off southern California and northern Baja California; and 

(3) southern subpopulation, off southern Baja California (Emmett et al. 1991). 

4.6.1.1 Reproduction, Age, and Growth 

Northern anchovy spawn throughout the year off southern California, with peak spawning 

between February and May (Brewer 1978). Moser and Smith (1993) analyzed the CalCOFI 

larval fish data from 1951–1984 and found that northern anchovy generally spawned from 

January–April with peak spawning in March. The central California region, including Monterey 

Bay, is an area of overlap between the northern and central anchovy stocks (Parrish et al. 1985). 

A fall spawning stock may occur in central California and the offshore areas of the Southern 

California Bight. Most spawning takes place within 100 km (62 mi) from shore (MBC 1987). On 

average, female anchovy off Los Angeles spawn every 710 days during peak spawning periods, 

approximately 20 times per year (Hunter and Macewicz 1980, MBC 1987). In 1979, it was 

determined that most spawning occurs at night (2100 to 0200 hr), with spawning complete by 

0600 hr (Hunter and Macewicz 1980). 

Northern anchovy off southern and central California can reach sexual maturity by the end of 

their first year of life, with all individuals being mature by four years of age (Clark and Phillips 

1952, Daugherty et al. 1955, Hart 1973). The maturation rate of younger individuals is dependent 

on water temperature (Bergen and Jacobsen 2001). Love (2011) reported that they release 

2,70016,000 eggs per batch, with an annual fecundity of up to 130,000 eggs per year in 

southern California. Parrish et al. (1986) and Butler et al. (1993) stated that the total annual 

fecundity for one-year-old females was 20,00030,000 eggs, while a five-year-old could release 

up to 320,000 eggs per year. 
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Northern anchovy eggs hatch in two to four days followed by a larval growth phase of 

approximately 70 days, with transformation into the juvenile phase occurring at sizes of about 

35–40 mm (1.38-1.57 in.) (Hart 1973, MBC 1987, Moser 1996). Larvae begin schooling at 11–

12 mm (0.43-0.47 in.) standard length (SL) (Hunter and Coyne 1982).  

Moser and Pommeranz (1999) found about 90% of the northern anchovy larvae occurred in the 

upper 30 m (98 ft) of the water column. In their bongo net collections, the majority of these 

larvae were less than 6 mm (0.24 in.) in length. Collins (1969) presented age at length and 

weight at length regressions based on data from the southern California reduction fishery from 

which an average age 1 fish is estimated as 115 mm (4.53 in.) weighing 14.9 g (0.5 oz). Northern 

anchovy reach 102 mm (4.02 in.) in their first year, and 119 mm (4.69 in.) in their second year 

Sakagawa and Kimura 1976). In the area occupied by the central stock, growth during the 

juvenile phase shows considerable variation among regions (Parrish et al. 1985). There were 

significant differences in growth to age 1½ years of age. Fastest growth occurred in the north, 

and the slowest was in the south. Mean SL at 1½ years of age was 123.6 mm (4.87 in.) in the 

central California region, 113.4 mm (4.5 in.) in the San Pedro Channel region, and 103.6 mm 

(4.1 in.) in the Cape San Quentin region. Growth in length is most rapid during the first four 

months, and growth in weight is most rapid during the first year (Hunter and Macewicz 1980, 

PFMC 1983). They mature at 78-140 mm (3.1-5.5 in.) in length, in their first or second year 

(Frey 1971, Hunter and Macewicz 1980). Maximum size is about 230 mm (9.1 in.) and 60 g 

(2.1 oz) (Fitch and Lavenberg 1975, Eschmeyer et al. 1983). Maximum age is about seven years 

(Hart 1973), though most live less than four years (Fitch and Lavenberg 1975). 

4.6.1.2 Population Trends and Fishery 

Northern anchovy are fished commercially for reduction (e.g., fish meal, oil, and paste) and live 

bait (Bergen and Jacobsen 2001). This species is the most important bait fish in southern 

California, and is also used in Oregon and Washington as bait for sturgeon (Acipenser spp.), 

salmonids (Oncorhynchus spp.), and other species (Emmett et al. 1991). Northern anchovy 

populations increased dramatically during the collapse of the Pacific sardine (Sardinops sagax) 

fishery, suggesting competition between these two species (Smith 1972). 

Historically, estimates of the central subpopulation averaged about 325,700 metric ton (MT) 

(359,000 ton) from 1963 through 1972, then increased to over 1,542,200 MT (1.7 million ton) in 

1974, then declined back to 325,700 MT (359,000 ton) in 1978 (Bergen and Jacobsen 2001). 

Anchovy biomass in 1994 was estimated at 391,900 MT (432,000 ton). The stock is thought to 

be stable, and the size of the anchovy resource is largely dependent on natural influences such as 

ocean temperature.  

From 2004 through 2013, PacFIN (2013) reports an average annual landed weight of 4,082 MT 

(4,500 ton) with average annual revenues of $372,987 per year. The largest annual commercial 

catch occurred in 2008 and weighed 12,214 MT (13,464 ton). The revenue for that year was 

$1.3 million, equivalent to $0.05 per lb. The lowest annual commercial catch occurred in 2009 

and weighed  
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978 MT (1,078 ton). The revenue for that year was 

$107,850, equivalent to $0.05 per lb (Table 4-6). 

4.6.1.3 Sampling Results 

Northern anchovy was the most abundant larval 

fish taxon at the source water stations (both tow 

depths combined) and in the 40 m deep tows at the 

intake stations from June 21, 2012 through June 

21, 2013. The mean concentration of larval 

northern anchovy at the source water stations was 

343.06 individuals/1,000 m
3
 (Table 4-4) and was 

267.79 individuals/1,000 m
3
 at the intake stations 

(Table 4-2). 

The mean concentration of larval northern anchovy 

collected by survey in the 40 m deep tows at both 

intake stations (I2 and I3) is shown in Figure 4-9. 

The highest concentration of larval northern 

anchovy was observed in December 2012 (Survey 

MLIA09). The concentration of larval northern anchovy during Survey MLIA09 constituted 

nearly 95% of the total mean concentration during the entire survey period. Larval northern 

anchovy were present in 12 of the 14 surveys throughout the year in the 40 m deep tows at the 

intake stations. 

The mean concentration of northern anchovy larvae collected in the 25 and 40 m tows 

(combined) at the source water stations (SS and SN) by survey from June 21, 2012 through June 

14, 2013 is shown in Figure 4-10. The highest concentration of northern anchovy larvae was 

observed in December 2012 (Survey MLIA09). The concentration of northern anchovy during 

this survey comprised nearly 98% of the total mean concentration of northern anchovy larvae at 

the source water stations during the entire survey period. Northern anchovy larvae were collected 

intermittently throughout the year, occurring in five consecutive surveys from October through 

March (MLIA08 through MLIA12), in late May, and early June (MLIA16 and MLIA17). 

The larval northern anchovy concentrations tended to be higher in the night samples than in the 

day samples. In three of 12 surveys when northern anchovy larvae were collected in the 40 m 

deep tows at the intake stations (I2 and I3), the mean day concentrations were greater than the 

mean night concentrations (Figure 4-11). In two of seven surveys when northern anchovy larvae 

were collected at the source water stations (SS and SN), the mean day concentrations were 

greater than the mean night concentrations (Figure 4-12). 

 

Table 4-6. Annual landings and revenue 

for northern anchovy commercial fishery 

in Monterey County for 2004–2013 

(PacFIN 2013). 

 

 Commercial Fishery 

Year 
Landed 

Weight (MT) 
Revenue ($) 

2004 3,865 278,809 

2005 6,175 375,769 

2006 7,624 559,778 

2007 7,698 801169 

2008 12,214 1,305,479 

2009 978 107,850 

2010 -- -- 

2011 -- -- 

2012 2,272 301,014 

2013 -- -- 

Average 4,082 372,987 
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Figure 4-9. Mean concentration (#/1,000 m
3
) and standard error for northern anchovy larvae 

collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 

through June 14, 2013.  

 

Figure 4-10. Mean concentration (#/1,000 m
3
) and standard error for northern anchovy 

larvae collected by the 40 m and 25 m tows at the source water stations (SS and SN) from 

June 21, 2012 through June 14, 2013.  
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Figure 4-11. Mean concentration (#/1,000 m
3
) in night and day samples for northern 

anchovy larvae collected by the 40 m deep tows at the intake stations (I2 and I3) from June 

21, 2012 through June 14, 2013.  
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Figure 4-12. Mean concentration (#/1,000 m
3
) in night and day samples for northern 

anchovy larvae collected by the 40 m and 25 m tows at the source water stations (SS and 

SN) from June 21, 2012 through June 14, 2013.  
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The length frequency distribution of measured northern anchovy larvae had a unimodal 

distribution with a right skew. Most northern anchovy larvae were in the range of >0-6 mm 

(>0-0.24 in.) NL (Figure 4-13). The lengths of the larvae from samples collected at the intake 

stations ranged from >0 to 20 mm (>0-0.79 in.) with a mean of 3.71 mm (0.15 in.). 

 

Figure 4-13. Length frequency for northern anchovy larvae collected in the 40 m deep tows 

at the intake stations (I2 and I3) from June 21, 2012 through June 14, 2013.  

 

4.6.1.4 ETM Impact Assessment 

The concentrations from intake stations I2 and I3 from the 40 m tows were used to estimate that 

the annual entrainment of northern anchovy larvae was 15,224,457 (Std. Error = 352,648) and 

38,365,623 (Std. Error = 888,673) during the June 21, 2012 through June 14, 2013 study period 

based, respectively, on daily intake flows of 94,635 m
3
 per day (25 MGD) and 

238,481 m
3
 per day (63 MGD) for the proposed facility (Table 4-3). An individual, 

reproductively active female northern anchovy can spawn as many as 130,000 eggs per year 

(Love 2011).  

The period of time that northern anchovy larvae were vulnerable to entrainment was estimated 

from the ages of the larvae collected, which was based on measurements of 136 larvae. The 

calculated hatch length from the bootstrap samples of the data resulted in an estimate of 2.4 mm 
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(0.10 in.), which is slightly less than the published hatch length estimates for northern anchovy 

of 2.5–3.0 mm (0.10–0.12 in.) (Moser 1996). The difference in length between the bootstrap 

estimate of the 95th percentile of 11.7 mm (0.46 in.) and the estimated hatch length, divided by 

an estimated growth rate of 0.41 mm/d (0.02 in./d) from Methot and Kramer (1979), after adding 

the estimated egg duration of 2.9 d, resulted in an estimated larval exposure to entrainment of 

25.8 days.   

There were 12 surveys when northern anchovy larvae were collected from both the intake and 

source water stations (Table 4-7). The PEi estimates for the sampled source water area show that 

the average was approximately 60% higher than the volumetric ratio of the intake volume to the 

sampled source water body volume for the 10 surveys, reflecting the greater frequency of 

occurrence at the proposed intake location compared to the source water (Figures 4-9 and 4-10). 

The average of the PEi estimates would be equal to the volumetric ratio if the larvae were, on 

average, uniformly distributed across the intake and source water stations. The difference 

between the PEi estimates for the two intake volumes are proportional to the differences in the 

intake volumes.  

Figure 4-14 shows the areal extent of the source water body used in the ETM calculations for 

northern anchovy larvae. These back projection points were derived from the particle track 

model described in Section 3.6.1. The back-projection points used in the source water body 

estimate include any points shallower than 300 m occurring 25.8 days prior to the time each 

back-projection is initiated. Thirty back-projections are initiated for each survey where northern 

anchovy larvae were observed in the 40 m deep tows at either of the intake stations. The 30 back 

projections were initiated on randomly selected hours within 48 hours of the survey date for the 

surveys when northern anchovy were collected. 
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Figure 4-14. Back projection points used to estimate the source water body extent for 

northern anchovy larvae in the ETM for the surveys when those larvae where collected.  

The PEi estimates for the warm and cold regimes were extrapolated each survey along the 

distance of shoreline (Table 4-8) with an average distance of 36.7 km (22.8 mi). The CODAR 

back-projections used in the alongshore extrapolations were limited to a depth of 300 m (984 ft). 

The results also show that almost 98% of the calculated SWB population occurred during the 

December 2012 survey. Even though the alongshore extrapolation during this survey was lower 

than the average, which would tend to increase the estimate of PEi, the PEi estimates for the 
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survey were still relatively low. The December 2012 survey also had the lowest proportion of the 

time with cool water input from the Canyon (16.40%), which would also tend to increase the 

estimate of PEi. The relatively low estimate may be due to the tendency for northern anchovy 

larvae to occur in higher abundances at shallower depths, resulting in lower abundances for the 

40 m deep tows used for the intake estimates when compared to the weighted average of the 

25 m and 40 m deep tows.   

The ETM estimate for annual proportional mortality for northern anchovy was estimated to be 

0.00025 (0.03%) for an intake flow of 94,635 m
3
 per day (25 MGD) and 0.00062 (0.06%) for an 

intake flow of 238,481 m
3
 per day (63 MGD) (Table 4-9). 
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Table 4-7. Estimated entrainment, estimated sampled source water body population, and proportional 

entrainment (PEi) estimates for northern anchovy larvae based on intake volumes of a) 

94,635 m
3
 per day (25 MGD) and b) 238,481 m

3
 per day (63 MGD).  

a) 94,635 m3 per day (25 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 

Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 - - - - - - 

MLIA05 07/30/2012 1,826 43 35,279,083 5,940 0.0000518 0.0000260 

MLIA06 08/22/2012 2,480 50 69,478,935 8,335 0.0000357 0.0000284 

MLIA07 09/21/2012 78 9 8,730,915 2,955 0.0000089 0.0000101 

MLIA08 10/25/2012 1,822 43 133,594,441 11,558 0.0000136 0.0000080 

MLIA09 12/13/2012 335,728 579 20,781,521,975 144,158 0.0000162 0.0000035 

MLIA10 01/21/2013 1,547 39 107,214,968 10,354 0.0000144 0.0000084 

MLIA11 02/11/2013 1,450 38 60,154,873 7,756 0.0000241 0.0000244 

MLIA12 03/28/2013 161 13 11,315,067 3,364 0.0000142 0.0000145 

MLIA13 04/11/2013 340 18 4,288,883 2,071 0.0000793 0.0000915 

MLIA14 04/25/2013 243 16 3,224,518 1,796 0.0000753 0.0000856 

MLIA15 05/08/2013 - - - - - - 

MLIA16 05/29/2013 6,409 80 162,333,536 12,741 0.0000395 0.0000333 

MLIA17 06/14/2013 2,713 52 147,331,420 12,138 0.0000184 0.0000093 

    Average PEi = 0.0000326  

    Volumetric PE = 0.0000203  

b) 238,481 m3 per day (63 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 
Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 - - - - - - 

MLIA05 07/30/2012 4,602 68 35,279,083 5,940 0.0001304 0.0000655 

MLIA06 08/22/2012 6,249 79 69,478,935 8,335 0.0000899 0.0000714 

MLIA07 09/21/2012 196 14 8,730,915 2,955 0.0000225 0.0000255 

MLIA08 10/25/2012 4,592 68 133,594,441 11,558 0.0000344 0.0000202 

MLIA09 12/13/2012 846,034 920 20,781,521,975 144,158 0.0000407 0.0000088 

MLIA10 01/21/2013 3,900 62 107,214,968 10,354 0.0000364 0.0000211 

MLIA11 02/11/2013 3,654 60 60,154,873 7,756 0.0000607 0.0000614 

MLIA12 03/28/2013 406 20 11,315,067 3,364 0.0000359 0.0000364 

MLIA13 04/11/2013 857 29 4,288,883 2,071 0.0001998 0.0002307 

MLIA14 04/25/2013 612 25 3,224,518 1,796 0.0001898 0.0002157 

MLIA15 05/08/2013 - - - - - - 

MLIA16 05/29/2013 16,151 127 162,333,536 12,741 0.0000995 0.0000838 

MLIA17 06/14/2013 6,836 83 147,331,420 12,138 0.0000464 0.0000234 

    Average PEi = 0.0000822  

    Volumetric PE = 0.0000512  
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Table 4-8. Extrapolated proportional entrainment (PEi) estimates for northern anchovy larvae based 

on daily intake volumes of a) 94,635 m
3
 per day (25 MGD) and b) 238,481 m

3
 per day (63 MGD) 

used in ETM calculations. The proportion of SWB population values are the weights (fi) used for each 

survey in Equation (10). The shoreline distance for the SWB Shoreline Extent used in PSi (Equations 

[7] and [9]) and the weights used for the warm and cold regime for each survey period as described in 

Equation (10) are also provided. 

a) 94,635 m3 per day (25 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0 0 0 - 24.86 75.14 

MLIA05 07/30/12 0.000016 0.000011 0.0012 49.57 30.71 69.29 

MLIA06 08/22/12 0.000015 0.000014 0.0019 35.61 27.00 73.00 

MLIA07 09/21/12 0.000003 0.000012 0.0003 42.51 39.54 60.46 

MLIA08 10/25/12 0.000007 0.000009 0.0060 29.78 45.61 54.39 

MLIA09 12/13/12 0.000010 0.000010 0.9797 26.04 83.60 16.40 

MLIA10 01/21/13 0.000006 0.000006 0.0034 37.96 71.26 28.74 

MLIA11 02/11/13 0.000011 0.000010 0.0021 33.97 71.13 28.87 

MLIA12 03/28/13 0.000006 0.000005 0.0004 34.11 49.84 50.16 

MLIA13 04/11/13 0.000024 0.000010 0.0001 50.58 42.54 57.46 

MLIA14 04/25/13 0.000075 0.000019 <0.0001 15.30 35.90 64.10 

MLIA15 05/08/13 0 0 0 - 25.25 74.75 

MLIA16 05/29/13 0.000033 0.000016 0.0031 18.20 27.21 72.79 

MLIA17 06/14/13 0.000004 0.000005 0.0017 67.25 33.16 66.84 

b) 238,481 m3 per day (63 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0 0 0 - 24.86 75.14 

MLIA05 07/30/12 0.000041 0.000027 0.0012 49.57 30.71 69.29 

MLIA06 08/22/12 0.000039 0.000034 0.0019 35.61 27.00 73.00 

MLIA07 09/21/12 0.000008 0.000030 0.0003 42.51 39.54 60.46 

MLIA08 10/25/12 0.000018 0.000022 0.0060 29.78 45.61 54.39 

MLIA09 12/13/12 0.000024 0.000024 0.9797 26.04 83.60 16.40 

MLIA10 01/21/13 0.000015 0.000014 0.0034 37.96 71.26 28.74 

MLIA11 02/11/13 0.000028 0.000026 0.0021 33.97 71.13 28.87 

MLIA12 03/28/13 0.000016 0.000012 0.0004 34.11 49.84 50.16 

MLIA13 04/11/13 0.000061 0.000025 0.0001 50.58 42.54 57.46 

MLIA14 04/25/13 0.000190 0.000048 <0.0001 15.30 35.90 64.10 

MLIA15 05/08/13 0 0 0 - 25.25 74.75 

MLIA16 05/29/13 0.000084 0.000039 0.0031 18.20 27.21 72.79 

MLIA17 06/14/13 0.000011 0.000012 0.0017 67.25 33.16 66.84 
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Table 4-9. ETM estimates for northern anchovy larvae based on an intake 

volume of 94,635 m
3
 per day (25 MGD), and 238,481 m

3
 per day (63 MGD).  

Daily Intake 
Volume (m3) 

ETM Estimate 
of Proportional 
Mortality (PM) 

PM Standard 
Error 

PM + Standard 
Error 

PM - Standard 
Error 

94,635 0.000247 0.000195 0.000443 0.000052 

238,481 0.000623 0.000492 0.001115 0.000131 

4.6.2 White Croaker (Genyonemus lineatus) 

White croaker (Genyonemus lineatus) ranges 

from Todos Santos Bay, Baja California, 

Mexico north to Barkley Sound in British 

Columbia, Canada (Miller and Lea 1972). It is 

one of eight species of croakers (family 

Sciaenidae) found off California. The other 

croakers include white seabass (Atractoscion 

nobilis), black croaker (Cheilotrema saturnum), 

queenfish (Seriphus politus), California corbina 

(Menticirrhus undulatus), spotfin croaker 

(Roncador stearnsii), yellowfin croaker (Umbrina roncador), and shortfin corvina (Cynoscion 

parvipinnis).  

4.6.2.1 Life History and Ecology 

The white croaker is a deep-bodied elongate fish with a bluntly rounded head and small barbels 

on its lower jaw. Its color is incandescent brownish to yellowish on the back becoming silvery 

below. White croakers are found in shallow-water areas in the ocean and in larger bays. The 

white croaker is an abundant nearshore species that prefers the sandy bottoms of bays and 

estuaries and the area just outside the surf zone. White croakers may move offshore into deeper 

water during winter months (Allen and DeMartini 1983); however, this pattern is only apparent 

south of Redondo Beach (Herbinson et al. 2001). The reported depth range of white croaker is 

from near the surface to depths of 238 m (781 ft) (Love et al. 2005); however, in southern 

California, Allen (1982) found white croaker over soft bottoms between 10 m and 130 m (33 ft 

and 427 ft), and it was most frequently collected at 10 m (33 ft). 

White croakers are oviparous broadcast spawners. They mature between about 130 mm and 

190 mm (5.1 in and 7.5 in.) total length (TL), somewhere between the first and fourth year. 

About one-half of males mature by 140 mm (5.5 in.) TL, and one-half of females by 150 mm 

(5.9 in.) TL, and all fishes are mature by 190 mm (7.5 in.) TL in their third to fourth year (Love 

et al. 1984). Off Long Beach, California, white croaker spawn primarily from November through 

August, with peak spawning from January through March (Love et al. 1984). However, in central 

California some spawning can occur year-round. Moser (1996) states that white croaker 
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spawning in the CalCOFI area is most abundant from December to April with peak spawning 

occurring in March. In southern California, white croaker larvae were generally more abundant 

in the upper 30 m (98 ft) of the water column at their inshore stations (Moser and Pommeranz 

1999). Batch fecundities ranged from about 800 eggs in a 155 mm (6.1 in.) female to about 

37,200 eggs in a 260 mm (10.2 in.) female, with spawning taking place as often as every five 

days (Love et al. 1984). In their first and second year, females spawn for three months for a total 

of about 18 times per season. Older individuals spawn for about four months and about 24 times 

per season (Love et al. 1984). Some older fish may spawn for seven months. The nearshore 

waters from Redondo Beach (Santa Monica Bay, California) to Laguna Beach, California, are 

considered an important spawning center for this species (Love et al. 1984). A smaller spawning 

center occurs off Ventura. 

Newly hatched white croaker larvae are 1-2 mm standard length (SL) (0.04-0.08 in.) and are not 

well developed (Watson 1982). Larvae are principally located within 4 km (2.5 mi) from shore, 

and as they develop tend to move shoreward and into the epibenthos (Schlotterbeck and 

Connally 1982). Murdoch et al. (1989) estimated a daily larval growth rate of 0.20 mm/d 

(0.08 in/d). Using otolith analysis, Miller et al. (2011) aged field-collected larvae and found that 

the smallest individual was 1.84 mm (0.07 in.) with an estimated age of 10 days, while the 

largest specimen was 10.18 mm (0.40 in.) with an estimated age of 38 days. White croakers grow 

at a fairly constant rate throughout their lives, though females increase in size more rapidly than 

males from age one (Moore 2001). Maximum reported size is 41.4 cm (16.3 in.) (Miller and Lea 

1972), with a life span of 12 to 15 years (Frey 1971, Love et al. 1984). No mortality estimates 

are available for any of the life stages of this species. 

White croaker are primarily nocturnal benthic feeders, although juveniles may feed in the water 

column during the day (Allen 1982). Important prey items include polychaetes, amphipods, 

shrimps, and chaetognaths. In Outer Los Angeles Harbor, Ware (1979) found that important prey 

items included polychaetes, benthic crustaceans, free-living nematodes, and zooplankton. 

Younger individuals feed on holoplanktonic crustaceans and polychaete larvae.  

4.6.2.2 Population Trends and Fishery 

White croaker is an important constituent of commercial and recreational fisheries in California. 

Prior to 1980, most commercial catches of white croaker were taken by otter trawl, round haul 

net (lampara), gill net, and hook and line in southern California, but after 1980 most commercial 

catches were taken primarily by trawl and hook and line (Love 2011). Also, since then the 

majority of the commercial fishery shifted to central California near Monterey mainly due to the 

increased demand for this species from the developing fishery by Southeast Asian refugees 

(Moore and Wild 2011). Most of the recreational catch still occurs in southern California from 

piers, breakwaters, and private and sport boats.  

Before 1980, state-wide white croaker landings averaged 311 MT (685,000 lb) annually, 

exceeding 454 MT (1 million lb) for several years (Moore and Wild 2011). High landings in 

1952 probably occurred due to the collapse of the Pacific sardine fishery. Since 1991, landings 
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averaged 209 MT (461,000 lb) and steadily declined to an all-time low of 64 MT (142,500 lb) in 

1998. Landings by recreational fishermen aboard commercial passenger fishing vessels (CPFVs) 

averaged about 12,000 fish per year from 1990 to 1998, with most of the catch coming from 

southern California.  

Sport fishery annual catch estimates 

of white croaker in the central coast 

region of California ranged from 

3,714 fish to 78,211 fish from 2004 

through 2013, with an average of 

36,891 fish caught annually during 

this period (RecFIN 2013) (Table 

4-10). White croaker is considered a 

minor commercial fishery species. 

From 2004 through 2013, annual 

landings of 27,364 lb (12 MT) and 

65,794 lb (30 MT) were recorded in 

Monterey and Santa Cruz counties 

in 2004 and 2009, respectively. The 

annual revenue for 2004 and 2009 

were reported as $12,542 and $775, 

respectively. The market prices for 

white croaker in 2004 and 2009 

calculated from these data were $0.46 per lb and $0.01 per lb, respectively (PacFIN 2013). 

Although recreational and commercial catches of white croaker showed a declining trend from 

1980-2006., fishery-independent data from trawls did not indicate a similar trend, suggesting the 

recreational fishery trend is due to fishing practice changes since 1980 (D. Pondella, Vantuna 

Research Group, pers. comm.). In the Ocean Resources Enhancement and Hatchery Program 

monitoring program, the catch per sampling period increased over the sample period. National 

Pollutant Discharge Elimination System permit-required trawl sampling data suggested a similar 

pattern with catches of white croaker from 1978-2006 oscillating, but without a significant trend 

over the study period. Furthermore, these catches were not correlated with any oceanographic 

parameters, such as sea surface temperature. 

Results from other studies, however, suggest declining populations in southern California. Mean 

larval concentrations of white croaker near the Redondo Beach Generating Station intakes in 

King Harbor were approximately ten times greater in 1979-1980 (SCE 1983) than during similar 

studies conducted in 2006 (MBC and Tenera 2007). Annual relative abundance of white croaker 

in impingement samples at southern California power plants showed decreases particularly 

during the strong El Niño events of 1982-1983, 1986-1987, and 1997-1998 as compared with 

non-El Niño years (Herbinson et al. 2001). Additionally, the relative abundance of local 

populations has been influenced by contamination from PCBs and other chlorinated 

Table 4-10. Annual landings and revenue for white croaker 

based on RecFIN data (San Luis Obispo – Santa Cruz region) 

and PacFIN data (Monterey and Santa Cruz counties) from 

20042013.  

 

 Recreational Fishery Commercial Fishery 

Year 
Estimated Numbers 

 Landed 
Landed 

Weight (lb) 
Revenue ($) 

2004 78,211 27,364 12,542 

2005 52,866  -- -- 

2006 46,499 -- -- 

2007 34,011  -- -- 

2008 8,421  -- -- 

2009 3,714  65,794 775 

2010 10,170  -- -- 

2011 31,834  -- -- 

2012 27,888 -- -- 

2013 75,297 -- -- 

Average 36,891  
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hydrocarbons within bays, which has lead to early ovulation, lower batch fecundities, and lower 

fertilization rates when compared to non-contaminated areas (Cross and Hose 1988). 

White croaker is not federally or state listed as threatened or endangered, however the IUCN Red 

List Category and Criteria for white croaker has been assessed as Near Threatened. Based on the 

California population landing data, this species almost reaches the Vulnerable criteria under A1b 

(Chao and Starnes 2012). However, this species is more broadly distributed and the impact of 

fishing in the rest of its range is unknown. Also, the fishing effort in California has decreased 

over the last 20 years, which may partly explain the decline in landings. IUCN recommended a 

more thorough assessment of fishing effort across the species’ entire distribution.  

4.6.2.3 Sampling Results 

White croaker was the second most abundant larval taxon in the source water stations (both tow 

depths combined) and in the 40 m deep tows at the intake stations from June 21, 2012 through 

June 14, 2013. The mean concentration of white croaker larvae at the source water stations was 

124.99 individuals/1,000 m
3
 (Table 4-4) and was 140.93 individuals/1,000 m

3
 at the intake 

stations (Table 4-2).  

The mean concentration of white croaker larvae collected by survey in the 40 m deep tows at the 

intake stations (I2 and I3) is shown in Figure 4-15. The highest concentration of white croaker 

larvae was observed in December 2012 (MLIA09) and comprised nearly 70% of the total mean 

concentration. White croaker larvae only occurred in fall and winter surveys during September 

(MLIA07), October (MLIA08), December (MLIA09), January (MLIA10), and February 

(MLIA11). 

The mean concentration of white croaker larvae collected in the 25 and 40 m tows (combined) at 

the source water stations (SS and SN) by survey from June 21, 2012 through June 14, 2013 is 

shown in Figure 4-16. The highest concentration of white croaker larvae was observed in 

December 2012 (Survey MLIA09). The concentration of white croaker larvae during the 

December 2012 survey was approximately five times greater than the next highest concentrations 

sampled at the source water stations and constituted nearly 75% of the total mean concentration 

of larval fishes at the source water stations during the entire survey period. White croaker larvae 

were mainly observed in fall and winter surveys at the source water stations: particularly in 

September (MLIA07), October (MLIA08), December (MLIA09), January (MLIA10), and 

February (MLIA11). Small concentrations of white croaker larvae were observed in August 

(MLIA06) and late May (MLIA16). 
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Figure 4-15. Mean concentration (#/1,000 m
3
) and standard error for white croaker 

larvae collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 

2012 through June 14, 2013.  

 

Figure 4-16. Mean concentration (#/1,000 m
3
) and standard error for white croaker 

larvae collected by the 40 m and 25 m tows at the source water stations (SS and SN) from 

June 21, 2012 through June 14, 2013.  
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There was no clear difference between the day and night concentrations of white croaker larvae 

by survey at the source water stations (SS and SN) or in the 40 m deep tows at the intake stations 

(I2 and I3). In three out of six surveys when white croaker larvae were collected in the 40 m deep 

tows at the intake stations (I2 and I3), the mean day concentrations were greater than the mean 

night concentrations (Figure 4-17). In five out of seven surveys when white croaker larvae were 

collected at the source water stations (SS and SN), the mean day concentrations were greater 

than the mean night concentrations (Figure 4-18). 

The length frequency distribution of measured white croaker larvae had a unimodal distribution 

with most larvae in the range of 14.5 mm (0.040.18 in.) NL (Figure 4-19). The lengths of the 

larvae from the intake stations samples ranged from 17 mm (0.040.28 in.) with a mean of 

2.88 mm (0.11 in.). 
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Figure 4-17. Mean concentration (#/1,000 m
3
) in night and day samples for white croaker 

larvae collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 

through June 14, 2013.  
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Figure 4-18. Mean concentration (#/1,000 m
3
) in night and day samples for white croaker larvae 

collected by the 40 m and 25 m tows at the source water stations (SS and SN) from June 21, 2012 

through June 14, 2013.  
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Figure 4-19. Length frequency for white croaker larvae collected in the 40 m deep tows at 

the intake stations (I2 and I3) from June 21, 2012 through June 14, 2013.  

4.6.2.4 ETM Impact Assessment 

The larval concentrations from intake stations I2 and I3 were used to estimate that the annual 

entrainment of white croaker larvae was 7,734,933  (Std. Error = 158,257) and 19,492,026  (Std. 

Error = 398,809) during the June 2012 through June 2013 study period based respectively on 

intake flows of 94,635 m
3
 per day (25 MGD) and 238,481 m

3
 per day (63 MGD) for the 

proposed facility (Table 4-3). A reproductively active female is capable of spawning between 

14,400 and 892,800 eggs per year, depending on the size of the fish and frequency of spawning 

(Love et al. 1984).  

The period of time that white croaker larvae were vulnerable to entrainment was estimated from 

the ages of the larvae collected, which was based on measurements of 178 larvae. The calculated 

hatch length from the bootstrap samples of the data resulted in an estimate of 2.13 mm (0.08 in.), 

which slightly exceeded the published hatch length estimates for white croaker of 1.5–1.8 mm 

(0.06–0.07 in.) (Moser 1996). The difference in length between the bootstrap estimate of the 

95
th

 percentile of 5.25 mm (0.21 in.) and the estimated hatch length, divided by an estimated 

growth rate of 0.25 mm/d (0.10 in/d) from Moser (1996), and adding an estimated egg duration 

of 2.2 d, resulted in an estimated larval exposure to entrainment of 14.7 days. 
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There were six surveys when white croaker larvae were collected from both the intake and 

source water stations (Table 4-11). The PEi estimates for the sampled source water area show 

that the average was approximately 20% higher than the volumetric ratio of the intake volume to 

the sampled source water body volume for the six surveys, reflecting the slightly higher 

concentrations at the intake stations compared to the source water stations as shown in 

Figures 4-15 and 4-16. The average of the PEi estimates would be equal to the volumetric ratio 

if the larvae were, on average, uniformly distributed across the intake and source water stations. 

The difference between the PEi estimates for the two intake volumes in Table 4-11 are 

proportional to the differences in the intake volumes.  

Figure 4-20 shows the areal extent of the source water body used in the ETM calculations for 

white croaker larvae. These back projection points were derived from the particle track model 

described in Section 3.6.1. The back-projection points used in the source water body included 

any points shallower than 100 m occurring 14.7 days prior to the time each back-projection was 

initiated. Thirty back-projections were initiated for each survey where white croaker larvae were 

observed in the 40 m deep tows at either of the intake stations. The thirty back projections were 

initiated on randomly selected hours within 48 hours of the survey date for the surveys when the 

larvae were collected. 

The PEi estimates for the warm and cold regimes were extrapolated each survey along the 

distance of shoreline shown in Table 4-12, with an average distance of 25.0 km (15.5 mi). The 

CODAR back-projections used in the alongshore extrapolations were limited to a depth of 100 m 

(328 ft). The results also show that the largest proportion of the calculated SWB population was 

present during the December 2012 survey. This has several implications for the ETM 

calculations. Although the warm and cold regimes PEi estimates for that survey were low 

relative to the other estimates, there is very little difference in the two estimates. The small 

difference in the estimates is likely due to large numbers of larvae at both the intake and source 

water stations (Figures 4-15 and 4-16), and a small proportion of time in the cold regime 

(14.2%). The proportion of the survey period when the Canyon water was present was also low 

for the January and February 2013 surveys when white croaker larvae were also collected. The 

proportion of time that input from the Canyon was occurring was much greater for the spring 

through summer surveys when white croaker were not present. The increased input from the 

Canyon during the August and September surveys likely contributed to the reduced PEi estimates 

for those surveys.  

The ETM estimate for annual proportional mortality for white croaker was estimated to be 

0.00019 (0.02%) for an intake flow of 94,635 m
3
 per day (25 MGD) and 0.00049 (0.05%) for an 

intake flow of 238,481 m
3
 per day (63 MGD) (Table 4-13).  
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Figure 4-20. Back projection points used to estimate the source water body extent for 

white croaker larvae in the ETM for the surveys when the larvae were collected.  
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Table 4-11. Estimated entrainment, estimated sampled source water body population, and 

proportional entrainment (PEi) estimates for white croaker larvae based on daily intake volumes of a) 

94,635 m
3
 (25 MGD) and b) 238,481 m

3
 (63 MGD). 

a) 94,635 m3 per day (25 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 

Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 - - - - - - 

MLIA05 07/30/2012 - - - - - - 

MLIA06 08/22/2012 182 13 6,976,150 2,641 0.0000261 0.0000276 

MLIA07 09/21/2012 9,754 99 252,164,139 15,880 0.0000387 0.0000132 

MLIA08 10/25/2012 20,323 143 771,555,742 27,777 0.0000263 0.0000076 

MLIA09 12/13/2012 132,045 363 6,823,783,426 82,606 0.0000194 0.0000036 

MLIA10 01/21/2013 17,005 130 1,099,459,759 33,158 0.0000155 0.0000040 

MLIA11 02/11/2013 7,406 86 326,155,200 18,060 0.0000227 0.0000076 

MLIA12 03/28/2013 - - - - - - 

MLIA13 04/11/2013 - - - - - - 

MLIA14 04/25/2013 - - - - - - 

MLIA15 05/08/2013 - - - - - - 

MLIA16 05/29/2013 - - 5,661,946 2,379 - - 

MLIA17 06/14/2013 - - - - - - 

    Average PEi = 0.0000248  

    Volumetric PE = 0.0000203  

b) 238,481 m3 per day (63 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 
Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 - - - - - - 

MLIA05 07/30/2012 - - - - - - 

MLIA06 08/22/2012 459 21 6,976,150 2,641 0.0000657 0.0000694 

MLIA07 09/21/2012 24,579 157 252,164,139 15,880 0.0000975 0.0000333 

MLIA08 10/25/2012 51,213 226 771,555,742 27,777 0.0000664 0.0000191 

MLIA09 12/13/2012 332,754 577 6,823,783,426 82,606 0.0000488 0.0000091 

MLIA10 01/21/2013 42,852 207 1,099,459,759 33,158 0.0000390 0.0000101 

MLIA11 02/11/2013 18,663 137 326,155,200 18,060 0.0000572 0.0000191 

MLIA12 03/28/2013 - - - - - - 

MLIA13 04/11/2013 - - - - - - 

MLIA14 04/25/2013 - - - - - - 

MLIA15 05/08/2013 - - - - - - 

MLIA16 05/29/2013 - - 5,661,946 2,379 - - 

MLIA17 06/14/2013 - - - - - - 

    Average PEi = 0.0000624  

    Volumetric PE = 0.0000512  
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Table 4-12. Extrapolated proportional entrainment (PEi) estimates for white croaker larvae based on 

daily intake volumes of a) 94,635 m
3
 per day (25 MGD) and b) 238,481 m

3
 per day (63 MGD) used 

in ETM calculations. The proportion of SWB population values are the weights (fi) used for each 

survey in Equation (10). The shoreline distance for the SWB Shoreline Extent used in PSi (Equations 

[7] and [9]) and the weights used for the warm and cold regime for each survey period as described in 

Equation (10) are also provided. 

a) 94,635 m3 per day (25 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0 0 0 - 30.23 69.77 

MLIA05 07/30/12 0 0 0 - 34.56 65.44 

MLIA06 08/22/12 0.000012 0.000010 0.0005 34.73 22.04 77.96 

MLIA07 09/21/12 0.000035 0.000021 0.0210 17.22 39.48 60.52 

MLIA08 10/25/12 0.000024 0.000020 0.0842 17.23 48.80 51.20 

MLIA09 12/13/12 0.000012 0.000013 0.7804 23.87 85.76 14.24 

MLIA10 01/21/13 0.000007 0.000007 0.0857 36.06 70.81 29.19 

MLIA11 02/11/13 0.000017 0.000014 0.0280 21.07 60.02 39.98 

MLIA12 03/28/13 0 0 0 - 41.18 58.82 

MLIA13 04/11/13 0 0 0 - 45.89 54.11 

MLIA14 04/25/13 0 0 0 - 26.04 73.96 

MLIA15 05/08/13 0 0 0 - 25.98 74.02 

MLIA16 05/29/13 0 0 0.0003 - 27.70 72.30 

MLIA17 06/14/13 0 0 0 - 39.48 60.52 

b) 238,481 m3 per day (63 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0 0 0 - 30.23 69.77 

MLIA05 07/30/12 0 0 0 - 34.56 65.44 

MLIA06 08/22/12 0.000029 0.000025 0.0005 34.73 22.04 77.96 

MLIA07 09/21/12 0.000087 0.000052 0.0210 17.22 39.48 60.52 

MLIA08 10/25/12 0.000059 0.000050 0.0842 17.23 48.80 51.20 

MLIA09 12/13/12 0.000031 0.000032 0.7804 23.87 85.76 14.24 

MLIA10 01/21/13 0.000017 0.000017 0.0857 36.06 70.81 29.19 

MLIA11 02/11/13 0.000042 0.000034 0.0280 21.07 60.02 39.98 

MLIA12 03/28/13 0 0 0 - 41.18 58.82 

MLIA13 04/11/13 0 0 0 - 45.89 54.11 

MLIA14 04/25/13 0 0 0 - 26.04 73.96 

MLIA15 05/08/13 0 0 0 - 25.98 74.02 

MLIA16 05/29/13 0 0 0.0003 - 27.70 72.30 

MLIA17 06/14/13 0 0 0 - 39.48 60.52 
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Table 4-13. ETM estimates for white croaker larvae based on an intake 

volume of 94,635 m
3
 per day (25  MGD), and 238,481 m

3
 per day (63 MGD). 

Daily Intake 
Volume (m3) 

ETM Estimate 
of Proportional 
Mortality (PM) 

PM Standard 
Error 

PM + Standard 
Error 

PM - Standard 
Error 

94,635 0.000194 0.000080 0.000273 0.000114 

238,481 0.000488 0.000201 0.000689 0.000287 

4.6.3 CIQ Goby Complex 

Gobies are small demersal fishes (<10 cm 

[3.9 in.]) that inhabit bays, estuaries, 

lagoons, and nearshore open coastal waters 

(Allen 1985, Moser 1996). Marine gobies 

occupy a variety of habitats, including 

mudflats and reefs. Many of the soft-

bottom species live in burrows where they 

shelter from predators, escape desiccation during low tides, and brood their eggs (Brothers 

1975).  

Larval gobiids are distinctive and unlikely to be confused with other larval fishes, but positive 

identification of larval gobies to the species level based on pigmentation characteristics remains 

difficult. Three co-occurring species cannot be differentiated with certainty during early larval 

stages: arrow goby (Clevelandia ios), cheekspot goby (Ilypnus gilberti), and shadow goby 

(Quietula y-cauda) (Moser 1996). All three are considered common in southern California 

(Miller and Lea 1972), but only the arrow and cheekspot typically occur as far north as Monterey 

Bay. The three species were combined into the CIQ goby complex for analysis. Descriptions of 

the life histories of arrow, cheekspot, and shadow goby were compiled from Brothers (1975) and 

were used to parameterize the analysis models. 

4.6.3.1 Reproduction, Age, and Growth 

Arrow goby mature at approximately one year post-settlement, but cheekspot and shadow gobies 

mature at about three years (Brothers 1975). Gobies are oviparous, and the demersal eggs are 

elliptical, typically adhesive, and about 2–4 mm (0.080.16 in.) long (Moser 1996). Primary 

spawning activity of arrow goby occurs from March through June (Prasad 1958), but protracted 

spawning can occur in arrow, shadow, and cheekspot gobies (Brothers 1975). High abundances 

of arrow goby larvae in southern California were seen from March to September corresponding 

to the timing of settlement (Brothers 1975). Settlement of shadow and cheekspot gobies typically 

occurs in late summer and early fall (Brothers 1975). 

Arrow goby grows faster than cheekspot and shadow gobies (Brothers 1975). After maturity, 

however, growth rate in the arrow goby declines. Shadow and cheekspot gobies settle at smaller 
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sizes and grow more slowly, but the growth rate is relatively constant for their entire life. 

Shadow and cheekspot gobies can live up to four years, while arrow goby rarely live longer than 

three years. In southern California, arrow goby reach maximum lengths of 32 mm (1.26 in.) SL, 

shadow goby 40 mm (1.57 in.) SL, and cheekspot goby 46 mm (1.81 in.) SL (Brothers 1975). 

Brothers (1975) estimated that the population mortality of arrow goby in Mission Bay following 

settlement was 91% in the first year and nearly 99% thereafter. He also calculated that the annual 

mortality rates after settlement were 66–74% for cheekspot goby and 62–69% for shadow goby. 

CIQ goby larvae hatch at a size of 2–3 mm (0.08–0.12 in.) (Moser 1996). Using data available in 

Brothers (1975), the average growth rate of this group was estimated at 0.16 mm/day 

(0.0063 in/day) for the 60-day period from hatching until settlement. Brothers (1975) estimated 

that larval mortality for this period was 98.3% for arrow goby, 98.6% for cheekspot, and 99.2% 

for shadow goby. Based on the total mortality for this period, average daily survival was 

calculated at 0.93 for the three species. Juveniles settle to the bottom at a size of about 10-15 mm 

(0.39-0.59 in.) SL (Moser 1996). 

4.6.3.2 Population Trends and Fishery 

There is no recreational or commercial fishery for gobies and no population estimates or trends 

were available for the area around Moss Landing. Yoklavich et al. (1991) reported that 12.1% of 

the fishes caught in beach seine and channel net collections in the upper Elkhorn Slough, and 

59% from Bennett Slough (an adjacent estuary joined to the Elkhorn Slough at Moss Landing 

Harbor entrance) from October 1978 to June 1980 were arrow goby but they were not common 

in otter trawls in adjacent parts of the Slough. This was the second most common species 

captured in beach seine and channel net collections after topsmelt (Atherinops affinis) in the 

upper reaches of Elkhorn Slough and the most abundant species in Bennett Slough. Arrow goby 

was essentially absent from the ocean, and the lower and middle slough otter trawls. Neither 

shadow nor cheekspot gobies were collected in this study. 

4.6.3.3 Sampling Results 

The CIQ goby complex was the twenty-fourth most abundant larval fish taxon in the source 

water stations and the third most abundant in the 40 m deep tows at the intake stations from June 

21, 2012 through June 14, 2013. The mean concentration of CIQ goby complex larvae at the 

source water stations was 0.83 individuals/1,000 m
3
 (Table 4-4) and was 

32.43 individuals/1,000 m
3
 at the intake stations (Table 4-2). 

The mean concentration of CIQ goby complex larvae collected by survey in the 40 m deep tows 

at the intake stations (I2 and I3) is shown in Figure 4-21. Larval CIQ gobies were collected 

throughout the survey period. No clear seasonal pattern could be observed in the mean 

concentration of CIQ goby complex larvae collected by survey. 
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Figure 4-21. Mean concentration (#/1,000 m
3
) and standard error for CIQ goby larvae 

collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 through 

June 14, 2013.  

The mean concentration of CIQ goby complex larvae collected in the 25 m and 40 m tows 

(combined) at the source water stations (SS and SN) by survey from June 21, 2012 through June 

14, 2013 is shown in Figure 4-22. CIQ gobies occurred in only two surveys at the source water 

stations (January [MLIA10] and February [MLIA11]). 
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Figure 4-22. Mean concentration (#/1,000 m
3
) and standard error for CIQ goby larvae 

collected by the 40 m and 25 m tows at the source water stations (SS and SN) from June 21, 

2012 through June 14, 2013.  

There was some indication of a greater concentration of CIQ goby larvae during the day 

compared with the night by survey in the 40 m deep tows at the intake stations (I2 and I3) 

(Figure 4-23). In 10 out of 14 surveys when CIQ gobies were observed in the 40 m deep tows at 

the intake stations (I2 and I3), the mean day concentrations were greater than the mean night 

concentrations. There were so few larvae collected at the source water stations (SS and SN) that 

no pattern was observed in these data (Figure 4-24). 
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Figure 4-23. Mean concentration (#/1,000 m
3
) in night and day samples for CIQ goby 

larvae collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 

through June 14, 2013.  
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Figure 4-24. Mean concentration (#/1,000 m
3
) in night and day samples for CIQ goby 

larvae collected by the 40 m and 25 m tows at the source water stations (SS and SN) from 

June 21, 2012 through June 14, 2013.  

The length frequency distribution of measured CIQ goby complex larvae had a unimodal 

distribution with most larvae in the range of >07 mm (>00.28 in.) NL (Figure 4-25). The 

lengths of the larvae from the intake stations samples ranged from >0 to 25 mm (>00.98 in.) 

with a mean of 4.07 mm (0.16 in.). 
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Figure 4-25. Length frequency for CIQ goby complex larvae collected in the 40 m deep tows 

from June 21, 2012 through June 14, 2013.  

4.6.3.4 ETM Impact Assessment 

The larval concentrations from intake stations I2 and I3 from the 40 m tows were used to 

estimate that the annual entrainment of CIQ goby complex larvae was 1,085,411 (Std. Error = 

45,925) and 2,735,235 (Std. Error = 115,730) during the June 2012 through June 2013 study 

period, based respectively, on daily intake flows of 94,635 m
3
 per day (25 MGD) and 

238,481 m
3
 per day (63 MGD) for the proposed facility (Table 4-3). 

The period of time that CIQ goby complex larvae were vulnerable to entrainment was estimated 

from the ages of the larvae collected, which was based on measurements of 152 larvae. The 

calculated hatch length from the bootstrap samples of the data resulted in an estimate of 2.5 mm 

(0.10 in.), which is in the range of the published hatch length estimates for arrow goby of 2.0–

3.0 mm (0.08–0.12 in.) (Moser 1996). The difference in length between the bootstrap estimate of 

the 95
th

 percentile of 7.3 mm (0.29 in.) and the estimated hatch length, divided by an estimated 

growth rate of 0.16 mm/d (0.01 in./d) derived from data in Brothers (1975), resulted in an 

estimated larval exposure to entrainment of 30.5 days. 

Data were collected on CIQ goby complex larvae from both the intake and source water stations 

samples for all but one (March 2013; MLIA12) of the surveys (Table 4-14). The PEi estimates 
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for the sampled source water area show that the average was approximately 80% higher than the 

volumetric ratio of the intake volume to the sampled source water body volume for the ten 

surveys, reflecting the greater occurrences and higher concentrations at the intake location 

compared to the source water stations (Figures 4-21 and 4-22). Although CIQ goby complex 

larvae were collected at the stations SS and SN during only two surveys (Figure 4-22), the 

estimates for the intake area were added to the estimates from the other two source water areas 

for the ETM analysis allowing the calculation of PEi estimates for all but one of the surveys. Due 

to the much greater abundances at the intake location, the average of the PEi estimates was 

approximately 80% higher than the PE based on a volumetric ratio if the larvae were, on 

average, uniformly distributed. The difference between the PEi estimates for the two intake 

volumes are proportional to the differences in the intake volumes.  

Figure 4-26 shows the areal extent of the source water body used in the ETM calculations for 

CIQ goby larvae. These back projection points were derived from the particle track model 

described in Section 3.6.1. The back-projection points used in the source water body included 

any points shallower than 60 m occurring 30.5 days prior to the time each back-projection was 

initiated. Thirty back-projections were initiated for each survey where CIQ goby larvae were 

observed in the 40 m deep tows at either of the intake stations. The thirty back projections were 

initiated on randomly selected hours within 48 hours of the survey date for the surveys when the 

larvae were collected. 

The PEi estimates for the warm and cold regimes were extrapolated along the distance of 

shoreline shown in Table 4-15, with an average distance of 34.4 km (21.4 mi) and a depth limit 

of 60 m (197 ft). Although this approach was done for consistency with the approach used for the 

other fishes, the sampling results indicate that these larvae are most likely transported out of 

Moss Landing Harbor and Elkhorn Slough into the nearshore area, and largely into the area 

around the intake. The results show that CIQ goby complex larvae were present in the source 

water throughout the year, with the smallest proportion occurring during the May and June 2013 

surveys.  

The ETM estimate for annual proportional mortality for CIQ goby complex larvae was estimated 

to be 0.00043 (0.04%) for an intake flow of 94,635 m
3
 per day (25 MGD) and 0.00109 (0.11%) 

for an intake flow of 238,481 m
3
 per day (63 MGD) (Table 4-16).  
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Figure 4-26. Back projection points used to estimate the source water body extent for 

CIQ goby larvae in the ETM for the surveys when the larvae where collected.  
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Table 4-14. Estimated entrainment, estimated sampled source water body population, and 

proportional entrainment (PEi) estimates for CIQ goby complex larvae based on daily intake volumes 

of a) 94,635 m
3
 per day (25 MGD) and b) 238,481 m

3
 per day (63 MGD). 

a) 94,635 m3 per day (25 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 

Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 8,857 94 150,499,815 12,268 0.0000588 0.0000320 

MLIA05 07/30/2012 2,299 48 65,827,259 8,113 0.0000349 0.0000316 

MLIA06 08/22/2012 3,853 62 67,676,689 8,227 0.0000569 0.0000388 

MLIA07 09/21/2012 2,387 49 59,242,262 7,697 0.0000403 0.0000298 

MLIA08 10/25/2012 1,806 42 40,770,541 6,385 0.0000443 0.0000196 

MLIA09 12/13/2012 2,850 53 61,225,685 7,825 0.0000466 0.0000296 

MLIA10 01/21/2013 900 30 70,221,617 8,380 0.0000128 0.0000114 

MLIA11 02/11/2013 4,437 67 123,769,467 11,125 0.0000358 0.0000266 

MLIA12 03/28/2013 - - 105,056,497 10,250 - - 

MLIA13 04/11/2013 4,460 67 231,130,857 15,203 0.0000193 0.0000172 

MLIA14 04/25/2013 807 28 76,055,184 8,721 0.0000106 0.0000053 

MLIA15 05/08/2013 561 24 10,348,071 3,217 0.0000542 0.0000215 

MLIA16 05/29/2013 8,536 92 260,518,898 16,141 0.0000328 0.0000233 

MLIA17 06/14/2013 1,217 35 39,263,699 6,266 0.0000310 0.0000272 

    Average PEi = 0.0000368  

    Volumetric PE = 0.0000203  

b) 238,481 m3 per day (63 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 
Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 22,319 149 150,499,815 12,268 0.0001483 0.0000806 

MLIA05 07/30/2012 5,795 76 65,827,259 8,113 0.0000880 0.0000797 

MLIA06 08/22/2012 9,711 99 67,676,689 8,227 0.0001435 0.0000977 

MLIA07 09/21/2012 6,016 78 59,242,262 7,697 0.0001016 0.0000752 

MLIA08 10/25/2012 4,552 67 40,770,541 6,385 0.0001116 0.0000495 

MLIA09 12/13/2012 7,183 85 61,225,685 7,825 0.0001173 0.0000745 

MLIA10 01/21/2013 2,268 48 70,221,617 8,380 0.0000323 0.0000288 

MLIA11 02/11/2013 11,181 106 123,769,467 11,125 0.0000903 0.0000670 

MLIA12 03/28/2013 - - 105,056,497 10,250 - - 

MLIA13 04/11/2013 11,238 106 231,130,857 15,203 0.0000486 0.0000433 

MLIA14 04/25/2013 2,033 45 76,055,184 8,721 0.0000267 0.0000135 

MLIA15 05/08/2013 1,413 38 10,348,071 3,217 0.0001365 0.0000543 

MLIA16 05/29/2013 21,510 147 260,518,898 16,141 0.0000826 0.0000588 

MLIA17 06/14/2013 3,066 55 39,263,699 6,266 0.0000781 0.0000686 

    Average PEi = 0.0000927  

    Volumetric PE = 0.0000512  
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Table 4-15. Extrapolated proportional entrainment (PEi) estimates for CIQ goby complex larvae based 

on daily intake volumes of a) 94,635 m
3
 per day (25 MGD) and b) 238,481 m3 per day (63 MGD) 

used in ETM calculations. The proportion of SWB population values are the weights (fi) used for each 

survey in Equation (10). The shoreline distance for the SWB Shoreline Extent used in PSi (Equations 

[7] and [9]) and the weights used for the warm and cold regime for each survey period as described in 

Equation (10) are also provided. 

a) 94,635 m3 per day (25 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0.000019 0.000011 0.1110 46.61 24.83 75.17 

MLIA05 07/30/12 0.000011 0.000011 0.0627 47.40 28.98 71.02 

MLIA06 08/22/12 0.000036 0.000016 0.0541 24.29 28.53 71.47 

MLIA07 09/21/12 0.000017 0.000012 0.0582 37.27 37.60 62.40 

MLIA08 10/25/12 0.000033 0.000024 0.0526 20.41 44.81 55.19 

MLIA09 12/13/12 0.000028 0.000022 0.0828 26.04 80.64 19.36 

MLIA10 01/21/13 0.000005 0.000008 0.0647 37.96 74.39 25.61 

MLIA11 02/11/13 0.000016 0.000015 0.1255 34.39 68.44 31.56 

MLIA12 03/28/13 0 0 0.0936 - 48.42 51.58 

MLIA13 04/11/13 0.000005 0.000008 0.0994 61.71 44.33 55.67 

MLIA14 04/25/13 0.000011 0.000017 0.0327 15.14 35.26 64.74 

MLIA15 05/08/13 0.000054 0.000017 0.0054 13.95 27.81 72.19 

MLIA16 05/29/13 0.000028 0.000016 0.1441 18.20 27.73 72.27 

MLIA17 06/14/13 0.000008 0.000008 0.0133 63.39 33.29 66.71 

b) 238,481 m3 per day (63 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0.000049 0.000027 0.1110 46.61 24.83 75.17 

MLIA05 07/30/12 0.000029 0.000026 0.0627 47.40 28.98 71.02 

MLIA06 08/22/12 0.000091 0.000040 0.0541 24.29 28.53 71.47 

MLIA07 09/21/12 0.000042 0.000031 0.0582 37.27 37.60 62.40 

MLIA08 10/25/12 0.000084 0.000060 0.0526 20.41 44.81 55.19 

MLIA09 12/13/12 0.000069 0.000055 0.0828 26.04 80.64 19.36 

MLIA10 01/21/13 0.000013 0.000020 0.0647 37.96 74.39 25.61 

MLIA11 02/11/13 0.000040 0.000037 0.1255 34.39 68.44 31.56 

MLIA12 03/28/13 0 0 0.0936 - 48.42 51.58 

MLIA13 04/11/13 0.000012 0.000021 0.0994 61.71 44.33 55.67 

MLIA14 04/25/13 0.000027 0.000042 0.0327 15.14 35.26 64.74 

MLIA15 05/08/13 0.000137 0.000043 0.0054 13.95 27.81 72.19 

MLIA16 05/29/13 0.000070 0.000040 0.1441 18.20 27.73 72.27 

MLIA17 06/14/13 0.000019 0.000019 0.0133 63.39 33.29 66.71 

 



4.0: Assessment Results 

   

ESLO2013-045.1  

DeepWater Desal  Larval Entrainment 4-57 

 

Table 4-16. ETM estimates for CIQ goby complex larvae based on an intake 

volume of 94,635 m
3
 per day (25 MGD), and 238,481 m

3
 per day (63 MGD). 

Daily Intake 
Volume (m3) 

ETM Estimate 
of Proportional 
Mortality (PM) 

PM Standard 
Error 

PM + Standard 
Error 

PM - Standard 
Error 

94,635 0.000433 0.000299 0.000732 0.000135 

238,481 0.001092 0.000753 0.001845 0.000339 

4.6.4 Sanddabs (Citharichthys spp.) 

There are three common species of sanddabs in 

California waters: the Pacific sanddab 

(Citharichthys sordidus), speckled sanddab 

(Citharichthys stigmaeus), and the longfin 

sanddab (Citharichthys xanthostigma). Pacific 

sanddab ranges from Kodiak Island, Western Gulf 

of Alaska to Cabo San Lucas, Southern Baja 

California (Miller and Lea 1972), speckled sanddab ranges from Prince William Sound, northern 

Gulf of Alaska to Magdalena Bay, southern Baja California (Miller and Lea 1972) and in Bahia 

Conception, Gulf of California (Love et al. 2005), and longfin sanddab occurs from Monterey 

Bay (Eschmeyer et al. 1983) to Costa Rica (Miller and Lea 1972). They generally live near the 

bottom and are found from intertidal depths to 549 m (1,801 ft) (Love et al. 2005). 

4.6.4.1 Life History and Ecology  

Sanddabs are primarily soft bottom dwellers, living over sand or occasionally mud, but they have 

also been reported from hard, flat substrate (Love 2011). Speckled sanddabs prefer sand bottoms, 

rather than mud (Helly 1974). They swim well above the bottom in search of food, particularly at 

night, and have been observed hovering 12 m (37 ft) above the bottom (Love 2011). 

Sanddabs are broadcast spawners with externally fertilized eggs. The spawning season is 

generally thought to extend year-round with most spawning occurring from June–October (Love 

2011). The average number of eggs per spawn is 4,30030,800, depending on the size of the 

female. Sanddab eggs are 0.55-0.77 mm (0.02-0.03 in.) in diameter and are spawned along the 

open coast. The eggs are pelagic and occur in coastal and polyhaline waters (Cailliet et al. 2000). 

The larvae are 1.32.6 mm (0.051-0.10 in.) NL upon hatching and can occur from the Bering 

Sea to Southern Baja California (Moser 1996). Speckled sanddab larvae are common from 

August to December, with a peak in October, and Pacific sanddab larvae are common from 

January to February, and August to October (Moser 1996). Moser and Smith (1993) stated that 

Citharichthys spp. larvae were found from June–October with peak abundance in October in the 

CalCOFI samples collected from 1951–1984. The majority of the sanddabs collected by Moser 

and Pommeranz (1999) were 1.0-3.0 mm (0.04-0.12 in.) in length. Sanddabs have a lengthy 
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larval duration, with Pacific sanddab larvae being in the water for 271 days and speckled 

sanddab larvae for 324 days (Sakuma and Larson 1995). Larval transformation occurs at a length 

of ca. 24-40 mm (0.94-1.57 in.) SL (Moser 1996) at which time the young fishes settle to the 

bottom. Females mature at 2-3 years and 19-22.5 cm (7.58.9 in.) SL (Love 2011). Pacific 

sanddab may reach 41 cm (16 in.) while speckled sanddab is smaller reaching a maximum length 

of 17.8 cm (7 in.) (Love et al. 2005). Love (2011) stated that sanddabs can live to an age of at 

least 11 years. 

Sanddabs feed during both day and night, both on and above the bottom (Love 2011). They prey 

on copepods, polychaetes, amphipods, cumaceans, mysids, shrimp, squid, small fishes, worms, 

crabs, octopus, anchovies, and echiurids. Small sanddabs eat crustaceans, copepods, and 

amphipods then gradually switch to larger prey items as they grow. Other species of flatfishes 

such as California tonguefish, English sole, and California halibut, may compete with speckled 

and Pacific sanddabs for food within their range (Cailliet et al. 2000). 

4.6.4.2 Population Trends and Fishery 

Sanddabs make up a large portion of the demersal fish assemblage over soft bottom substrates 

within most of California. Pacific sanddab has a high frequency of occurrence along the middle 

to outer shelf in southern California and co-occur with other key species such as Dover sole 

(Microstomus pacificus), plainfin midshipman (Porichthys notatus), and stripetail rockfish 

(Sebastes saxicola) (Allen 2006). It appears that the population of speckled sanddab is 

continuous throughout the geographical range of the species, with individuals moving due to 

temperature fluctuations and other physical factors. Fishes found in warmer temperatures tend to 

have a much higher occurrence of the parasitic isopod Lironeca vulgaris, suggesting that these 

fishes are stressed (Helly 1974). Speckled sanddab is widespread along the inner shelf (530 m 

[1698 ft]) and is an important species in beam trawl surveys of the surf zone areas near areas of 

drift algae, and in semi-protected and exposed areas of coastline (Allen and Herbinson 1991).  

Although sanddabs are not as important to California fisheries as some other species of 

flatfishes, they are caught in fairly substantial numbers in both commercial and recreational 

fisheries. Most landings of sanddabs are taken commercially by otter trawls and some by hook 

and line, particularly off San Francisco and Eureka. Early landings during the 1920s were fairly 

high, while annual landings from 1930 to 1974 were below 454 MT (500 ton) (Allen and Leos 

2001). Since 1975, landings have gradually risen and increased rapidly during the mid- to late-

1990s. Notable drops in commercial catches have occurred during strong El Nino events, and 

have also been affected by a shift in effort towards more desirable flatfish species. From 2004 

through 2013, PacFIN (2013) reports an average annual landed weight of 54,904 lb (25 MT) 

with average annual revenues of $31,489 per year. The largest annual commercial catch occurred 

in 2004 and was 158,540 lb (71 MT). The revenue for that year was not reported. The lowest 

annual commercial catch occurred in 2006 and weighed over 7,116 lb (3 MT) with an annual 

revenue of $5,531, equivalent to $0.78 per lb. The average revenue per pound for years when 

both statistics are reported was $0.68 per lb (Table 4-17). 
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Sport fishery annual catch 

estimates of sanddabs in the 

central coast region of 

California ranged from 

18,989 fish to 203,244 fish 

from 2004 through 2013, with 

an average of 77,043 fish 

caught annually during this 

period (RecFIN 2013) (Table 

4-17).  

Sanddabs are targeted in 

recreational fisheries aboard 

private boats and in the 

commercial passenger fishing 

vessel (CPFV) fishery. A 

recreational fishery in southern 

California developed during the 

early 1990s and annual catches 

averaged below 2,000 fishes 

until 1998 when recreational 

catches increased to 80,000 

fishes annually and peaked at 244,000 in 2001 (Dotson and Charter 2003). Although the cause 

for the upsurge in sanddab catches remains uncertain, a combination of factors such as 

restrictions on the rockfish fishery during winter months, a large increase in sanddab numbers, or 

a more recent discovery of the fishery may have contributed to this increase. In central California 

(San Luis Obispo County to Santa Cruz County), recreational catches have averaged 

approximately 77,000 fishes annually between 2004 and 2013, with a high of 203,000 fishes in 

2004 (RecFIN 2013). 

4.6.4.3 Sampling Results 

Sanddabs were the fifth most abundant larval fish taxon in the source water stations (both tow 

depths combined) and the sixth most abundant larval fish taxon in the 40 m deep tows at the 

intake stations. The mean concentration of larval sanddabs at the source water stations was 

29.53 individuals/1,000 m
3
 (Table 4-4) and was 9.43 individuals/1,000 m

3
 at the intake stations 

(Table 4-2). 

The mean concentration of larval sanddabs collected by survey in the 40 m deep tows at the 

intake stations (I2 and I3) during the survey period is shown in Figure 4-27. The highest 

concentration of larval sanddabs was observed in December 2012 (Survey MLIA09). This 

concentration was nearly five times greater than the next highest concentration sampled in the 

40 m deep tows at the intake stations, and constituted nearly 56% of the total mean concentration 

Table 4-17. Sanddabs recreational fishing catch for central 

California (San Luis Obispo to Santa Cruz counties) reported by 

RecFIN (2013), and commercial fishing landings and ex-vessel 

value for Monterey and Santa Cruz counties reported by PacFIN 

(2013). Data are from 2004 through 2013. 

 

 Recreational Fishery Commercial Fishery 

Year 
Estimated 

Numbers Landed 
Estimated 
Weight (lb) 

Landed 
Weight (lb) Revenue ($) 

2004 203,244 54,688 158,540 - 

2005 33,558 6,640 132,971 82,818 

2006 79,942 17,778 7,116 5,531 

2007 43,735 6,450 - - 

2008 79,327 17,420 - - 

2009 38,406 9,294 23,950 16,195 

2010 18,989 4,324 38,914 25,419 

2011 72,882 15,950 42,898 26,025 

2012 101,312 24,522 21,174 13,105 

*2013 99,032 23,122 13,668 11,096 

Average 77,043 18,019 54,904* 31,489* 

*2013 Commercial Fishery data reported by PacFIN for January through 

August. 

- indicates no information reported to PacFIN. Averages do not include these 

years. 
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of larval sanddabs during the entire survey period. Larval sanddabs occurred in all surveys from 

July through February (MLIA05 through MLIA11) and also in late May (MLIA16). 

 

Figure 4-27. Mean concentration (#/1,000 m
3
) and standard error for sanddab larvae 

collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 through 

June 14, 2013.  

The mean concentration of sanddab larvae collected in the 25 m and 40 m tows (combined) at 

the source water stations (SS and SN) by survey from June 21, 2012 through June 14, 2013 is 

shown in Figure 4-28. The two highest sampled concentrations of sanddab larvae at the source 

water stations were 155 individuals/1,000 m
3
 in December 2012 (Survey MLIA09) and 

137 individuals/1,000 m
3
 in October 2012 (Survey MLIA08). Together, the concentrations of 

larval sanddabs during these two surveys constituted nearly 73% of the total mean concentration 

of larval sanddabs during the entire study period. Larval sanddabs were collected intermittently 

throughout the year at the source water stations, occurring in seven consecutive surveys from 

July through February (MLIA05 through MLIA11) and also in late April, late May, and early 

June (MLIA14, MLIA16, and MLIA17). 
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Figure 4-28. Mean concentration (#/1,000 m
3
) and standard error for sanddab larvae 

collected by the 40 m and 25 m tows at the source water stations (SS and SN) from June 21, 

2012 through June 14, 2013.  

There was no clear difference between the day and night concentrations of sanddab larvae by 

survey at the source water stations (SS and SN) (tow depths combined) or in the 40 m deep tows 

at the intake stations (I2 and I3) from June 21, 2012 through June 14, 2013. In two out of eight 

surveys when larval sanddabs were collected in the 40 m deep tows at the intake stations (I2 and 

I3), the mean day concentrations were greater than the mean night concentrations (Figure 4-29). 

In six out of ten surveys when larval sanddab were collected at the source water stations (SS and 

SN), the mean day concentrations were greater than the mean night concentrations (Figure 4-

30). 
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Figure 4-29. Mean concentration (#/1,000 m
3
) in night and day samples for sanddab larvae 

collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 

through June 14, 2013.  
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Figure 4-30. Mean concentration (#/1,000 m
3
) in night and day samples for sanddab larvae 

collected by the 40 m and 25 m tows at the source water stations (SS and SN) from June 21, 

2012 through June 14, 2013.  
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The length frequency distribution of measured larval sanddab had a unimodal distribution with 

most larvae in the range of >06 mm (>00.24 in.) NL (Figure 4-31). The lengths of the larvae 

from the intake stations samples ranged from >0 to 6 mm (>00.24 in.) NL with a mean of 

3.03 mm (0.12 in.). 

 

Figure 4-31. Length frequency for sanddab larvae collected in the 40 m deep tows at the 

intake stations (I 2 and I3) from June 21, 2012 through June 14, 2013.  

4.6.4.4 ETM Impact Assessment 

The larval concentrations from intake stations I2 and I3 from the 40 m tows were used to 

estimate that the annual entrainment of sanddab larvae was 478,530 (Std. Error = 10,734) and 

1,205,896 (Std. Error = 27,050) during the June 21, 2012 through June 14, 2013 study period 

based, respectively, on daily intake flows of 94,635 m
3
 per day (25 MGD) and 

238,481 m
3
 per day (63 MGD) for the proposed facility (Table 4-3). Spawning batches of 

sanddabs range from an average of 4,300-30,800 depending on the size of the female (Cailliet et 

al. 2000). 

The period of time that sanddab larvae were vulnerable to entrainment was estimated from the 

ages of the larvae collected, which was based on measurements of 81 larvae. The calculated 

hatch length from the bootstrap samples of the data resulted in an estimate of 1.9 mm (0.07 in.), 

which is in the range of hatch lengths for Pacific (2.6 mm [0.10 in.]) and speckled (1.3 mm 
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[0.05 in.]) sanddabs (Moser 1996). These larvae from these two species are difficult to separate 

at very small sizes. The difference in length between the bootstrap estimate of the 95th percentile 

of 5.9 mm (0.23 in.) and the estimated hatch length, divided by an estimated growth rate of 

0.19 mm/d (0.01 in./d) for California halibut from Gadomski et al. (1990), after adding the 

estimated egg duration of 2.2 d, resulted in an estimated larval exposure to entrainment of 

23.7 days.   

There were eight surveys when sanddab larvae were collected from both the intake and source 

water stations (Table 4-18). The PEi estimates for the sampled source water area show that the 

average was very close to the volumetric ratio of the intake volume to the sampled source water 

indicating that, on average, sanddab larvae occurred in comparable concentrations at the intake 

and source water stations. Although this is not reflected in the figures showing the concentrations 

at the intake and source water locations, the final PEi estimates are calculated using the intake 

stations as part of the source water (Figures 4-27 and 4-28). The difference between the PEi 

estimates for the two intake volumes are proportional to the differences in the intake volumes.  

Figure 4-32 shows the areal extent of the source water body used in the ETM calculations for 

sanddab larvae. These back projection points were derived from the particle track model 

described in Section 3.6.1. The back-projection points used in the source water body included 

any points shallower than 100 m occurring 23.7 days prior to the time each back-projection was 

initiated. Thirty back-projections were initiated for each survey where sanddab larvae were 

observed in the 40 m deep tows at either of the intake stations. The thirty back projections were 

initiated on randomly selected hours within 48 hours of the date for the surveys when sanddab 

larvae were collected. 

The PEi estimates for the warm and cold regimes were extrapolated along the distance of 

shoreline shown in Table 4-19, with an average distance of 33.5 km (20.8 mi). The CODAR 

back-projections used in the alongshore extrapolations were limited to a depth of 100 m (328 ft). 

The results also show that over 78% of the calculated SWB population was present during the 

October and December 2012 surveys. Both the warm and cold PEi estimates for these two 

surveys were almost identical in value (values in table rounded). The differences between the 

warm and cold PEi estimates is greater for surveys such as the February and May 2013 surveys 

when there was greater input of deep water from the Canyon. This should result in reduced PEi 

estimates because of the increase in the source water volume. 

The ETM estimate for annual proportional mortality for sanddabs was estimated to be 0.00011 

(0.01%) for a daily intake flow of 94,635 m
3
 per day (25 MGD) and 0.00027 (0.03%) for an 

intake flow of 238,481 m
3
 per day (63 MGD) (Table 4-19). 
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Figure 4-32. Back projection points used to estimate the source water body extent for 

sanddabs larvae in the ETM for the surveys when they were collected.  
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Table 4-18. Estimated entrainment, estimated sampled source water body population, and 

proportional entrainment (PEi) estimates for sanddab larvae based on daily intake volumes of a) 

94,635 m
3
 per day (25 MGD) and b) 238,481 m

3
 per day (63 MGD).  

a) 94,635 m3 per day (25 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 

Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 - - 718,076 847 - - 

MLIA05 07/30/2012 652 26 149,316,777 12,220 0.0000044 0.0000044 

MLIA06 08/22/2012 1,264 36 84,037,178 9,167 0.0000150 0.0000134 

MLIA07 09/21/2012 1,084 33 73,661,631 8,583 0.0000147 0.0000121 

MLIA08 10/25/2012 598 24 391,180,537 19,778 0.0000015 0.0000008 

MLIA09 12/13/2012 6,941 83 605,073,954 24,598 0.0000115 0.0000010 

MLIA10 01/21/2013 346 19 31,621,747 5,623 0.0000109 0.0000116 

MLIA11 02/11/2013 1,388 37 29,792,339 5,458 0.0000466 0.0000347 

MLIA12 03/28/2013 - - - - - - 

MLIA13 04/11/2013 - - - - - - 

MLIA14 04/25/2013 - - 8,368,298 2,893 - - 

MLIA15 05/08/2013 - - 2,830,587 1,682 - - 

MLIA16 05/29/2013 228 15 4,669,050 2,161 0.0000489 0.0000547 

MLIA17 06/14/2013 - - 51,760,146 7,194 - - 

    Average PEi = 0.0000192  

    Volumetric PE = 0.0000203  

b) 238,481 m3 per day (63 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 
Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 - - 718,076 847 - - 

MLIA05 07/30/2012 1,643 41 149,316,777 12,220 0.0000044 0.0000044 

MLIA06 08/22/2012 3,184 56 84,037,178 9,167 0.0000150 0.0000134 

MLIA07 09/21/2012 2,731 52 73,661,631 8,583 0.0000147 0.0000121 

MLIA08 10/25/2012 1,506 39 391,180,537 19,778 0.0000015 0.0000008 

MLIA09 12/13/2012 17,492 132 605,073,954 24,598 0.0000115 0.0000010 

MLIA10 01/21/2013 871 30 31,621,747 5,623 0.0000109 0.0000116 

MLIA11 02/11/2013 3,497 59 29,792,339 5,458 0.0000466 0.0000347 

MLIA12 03/28/2013 - - - - - - 

MLIA13 04/11/2013 - - - - - - 

MLIA14 04/25/2013 - - 8,368,298 2,893 - - 

MLIA15 05/08/2013 - - 2,830,587 1,682 - - 

MLIA16 05/29/2013 575 24 4,669,050 2,161 0.0000489 0.0000547 

MLIA17 06/14/2013 - - 51,760,146 7,194 - - 

    Average PEi = 0.0000483  

    Volumetric PE = 0.0000512  
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Table 4-19. Extrapolated proportional entrainment (PEi) estimates for sanddab larvae based on daily 

intake volumes of a) 94,635 m
3
 per day (25 MGD) and b) 238,481 m

3
 per day (63 MGD) used in 

ETM calculations. The proportion of SWB population values are the weights (fi) used for each survey 

in Equation (10). The shoreline distance for the SWB Shoreline Extent used in PSi (Equations [7] and 

[9]) and the weights used for the warm and cold regime for each survey period as described in 

Equation (10) are also provided. 

a) 94,635 m3 per day (25 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0 0 0.0003 - 25.30 74.70 

MLIA05 07/30/12 0.000001 0.000002 0.0842 49.56 31.41 68.59 

MLIA06 08/22/12 0.000007 0.000006 0.0397 35.21 25.27 74.73 

MLIA07 09/21/12 0.000005 0.000005 0.0429 41.92 39.72 60.28 

MLIA08 10/25/12 0.000001 0.000001 0.2988 29.67 46.71 53.29 

MLIA09 12/13/12 0.000007 0.000007 0.4841 26.04 83.08 16.92 

MLIA10 01/21/13 0.000004 0.000004 0.0173 37.96 70.40 29.60 

MLIA11 02/11/13 0.000024 0.000016 0.0179 29.66 70.75 29.25 

MLIA12 03/28/13 0 0 0 - 50.10 49.90 

MLIA13 04/11/13 0 0 0 - 41.58 58.42 

MLIA14 04/25/13 0 0 0.0021 - 34.69 65.31 

MLIA15 05/08/13 0 0 0.0009 - 24.84 75.16 

MLIA16 05/29/13 0.000041 0.000016 0.0015 18.20 27.76 72.24 

MLIA17 06/14/13 0 0 0.0104 - 33.31 66.69 

b) 238,481 m3 per day (63 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0 0 0.0003 - 25.30 74.70 

MLIA05 07/30/12 0.000003 0.000004 0.0842 49.56 31.41 68.59 

MLIA06 08/22/12 0.000017 0.000016 0.0397 35.21 25.27 74.73 

MLIA07 09/21/12 0.000014 0.000012 0.0429 41.92 39.72 60.28 

MLIA08 10/25/12 0.000002 0.000002 0.2988 29.67 46.71 53.29 

MLIA09 12/13/12 0.000017 0.000018 0.4841 26.04 83.08 16.92 

MLIA10 01/21/13 0.000011 0.000010 0.0173 37.96 70.40 29.60 

MLIA11 02/11/13 0.000061 0.000041 0.0179 29.66 70.75 29.25 

MLIA12 03/28/13 0 0 0 - 50.10 49.90 

MLIA13 04/11/13 0 0 0 - 41.58 58.42 

MLIA14 04/25/13 0 0 0.0021 - 34.69 65.31 

MLIA15 05/08/13 0 0 0.0009 - 24.84 75.16 

MLIA16 05/29/13 0.000104 0.000040 0.0015 18.20 27.76 72.24 

MLIA17 06/14/13 0 0 0.0104 - 33.31 66.69 

 



4.0: Assessment Results 

   

ESLO2013-045.1  

DeepWater Desal  Larval Entrainment 4-69 

 

Table 4-20. ETM estimates for sanddab larvae based on an intake volume of 

94,635 m
3
 per day (25 MGD), and 238,481 m

3
 per day (63 MGD). 

Daily Intake 
Volume (m3) 

ETM Estimate 
of Proportional 
Mortality (PM) 

PM Standard 
Error 

PM + Standard 
Error 

PM - Standard 
Error 

94,635 0.000110 0.000086 0.000196 0.000024 

238,481 0.000277 0.000217 0.000494 0.000060 

4.6.5 Blue Rockfish Complex (Sebastes spp. V) 

The species that comprise the blue rockfish 

complex are those rockfish larvae that have a 

short ventral pigment series and no dorsal series 

or pectoral pigmentation. The pigment 

characteristics of young blue rockfish place 

them in this complex because they cannot be 

distinguished from other species in the group 

until they develop pectoral and dorsal 

pigmentation. 

4.6.5.1 Reproduction, Age, and Growth 

Blue rockfish are viviparous with planktonic larvae and juveniles (Moser 1996, Love et al. 

2002). Miller and Geibel (1973) estimated that their fecundity ranges from 50,000–300,000 eggs 

per female per year. However, a female that measured 405 mm (15.9 in.) TL had 525,000 young 

(Wales 1952). Spawning (extrusion of larvae) occurs November through March with a peak in 

January through February (Miller and Geibel 1973, Wyllie Echeverria 1987, Moser 1996, Love 

et al. 2002), making this one of the earliest species of rockfish larvae to be released seasonally. 

Individual females generally spawn once annually (Lea et al. 1999), but Moreno (1993) found 

evidence that this species may produce multiple spawns. Larvae are about 3.5 mm (0.14 in.) at 

parturition (Miller and Geibel 1973), with an average planktonic duration of 129 d, as calculated 

from observations of nine larvae (Dave Woodbury, NOAA/NMFS, Tiburon Laboratories, CA, 

pers. comm.). Pelagic juveniles were 3–5 months when they were observed to settle to the 

nearshore benthos (Adams and Howard 1996). Young-of-the-year (YOY) was first observed in 

nearshore kelp beds in May and June at 40-60 mm (1.6-2.4 in.) TL (Lea et al. 1999). In April, 

juveniles of about 45-50 mm (1.8-2.0 in.) TL concentrate in shallow rocky areas and in kelp 

canopies. By October these fishes range from 65-90 mm (2.6-3.5 in.) TL (Miller and Geibel 

1973). Estimated instantaneous mortality for juveniles in their first year of life ranged from 0.001 

to 0.008 (Adams and Howard 1996). 

Longevity for the blue rockfish, which was previously estimated at 17 yr for males and 24 yr for 

females using unvalidated readings using scales (Miller and Geibel 1973), has recently been 

estimated to be 44 years for male blue rockfish and 41 years for females (Laidig et al. 2003). 
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Growth of 0.23 mm/d to 0.35 mm/d (0.0090-0.0138 in./d) was observed for 85 mm (3.3 in.) 

juveniles (Miller and Geibel 1973), and mean monthly growth from tag returns on adults was 

2.46 mm (0.097 in.) (Wales 1952). The smallest sexually mature male Lea et al. (1999) collected 

was 219 mm (8.6 in.) TL, and the largest immature male was 332 mm (13.1 in.) TL. The smallest 

sexually mature female was 196 mm (7.7 in.) TL, and the largest immature female was 293 mm 

(11.5 in.) TL. Females were estimated to attain 50% maturity at 5 yr, and 100% maturity at 11 yr 

(Key et al. 2007). 

4.6.5.2 Population Trends and Fishery  

Blue rockfish was not a highly sought species historically, but an increase in catches in the 1970s 

resulted in a continuous decline in spawning biomass through the early 1990s (Key et al. 2007). 

Spawning biomass reached a minimum (10% of unexploited) in 1994 and 1995; however, there 

has been a constant increase since then.  

Blue rockfish are one of the most 

important rockfish in recreational sport 

fishery along the California coast. In 

some years, at some locations, up to 

31% of all fishes taken in the marine 

recreational fishery were blue rockfish, 

generally taken on hook-and-line or 

while diving (Love 2011). Recreational 

landings from San Luis Obispo County 

through Santa Cruz County during the 

2004–2013 time period averaged 

125,487 fishes per year with a high of 

233,213 fishes in 2005 and a low of 

50,824 fishes in 2010 (Table 4-21).  

The commercial fishery is typically 

small with a few exceptions (Starr et al. 

1998). From 2004 through 2013 PacFIN 

(2013) reported an average annual 

landed weight of 3,036 lb (1,377 kg) 

with average annual revenues of $4,773 

per year. The largest annual commercial 

catch occurred in 2006 and weighed 6,194 lb (2,810 kg). The revenue for that year was $9,576, 

equivalent to $0.65 per lb. The lowest annual commercial catch occurred in 2012 and weighed 

473 lb. The revenue for that year was $1,256, equivalent to $0.38 per lb (Table 4-21). 

 

Table 4-21. Blue rockfish recreational fishing catch in 

central California (San Luis Obispo–Santa Cruz 

counties), and commercial fishing landings and ex-

vessel value in Monterey and Santa Cruz counties from 

20042013. Data from RecFIN (2013) and PacFIN 

(2013). 

 Recreational Fishery Commercial Fishery 

Year 
Estimated 
Numbers 
Landed 

Estimated 
Weight 

(lb) 

Landed 
Weight (lb) 

Revenue ($) 

2004 224,993 213,020 4,582 6,450 

2005 233,213 238,793 5,209 6,882 

2006 188,103 201,289 6,194 9,576 

2007 115,391 120,350 4,422 6,898 

2008 113,389 104,015 2,954 4,464 

2009 58,132 48,885 2,720 4,651 

2010 50,824 42,266 1,213 1,924 

2011 91,073 73,108 808 1,640 

2012 61,712 46,103 473 1,256 

2013 118,037 103,201 1,789 3,984 

Average 125,487 119,104 3,036 4,773 
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4.6.5.3 Sampling Results 

The blue rockfish complex was the fourth most abundant larval fish taxon in the source water 

stations (both tow depths combined) and the eighth most abundant larval fish taxon in the 40 m 

deep tows at the intake stations. The mean concentration of blue rockfish complex larvae at the 

source water stations was 29.63 individuals/1,000 m
3
 (Table 4-4) and was 

7.73 individuals/1,000 m
3 

in the 40 m deep tows at the intake stations (Table 4-2). 

The mean concentration of blue rockfish complex larvae collected by survey in the 40 m deep 

tows at the intake stations (I2 and I3) from June 21, 2012 through June 14, 2013 is shown in 

Figure 4-33. Larval fishes from the blue rockfish complex were collected in four surveys in the 

40 m deep tows at the intake stations. The highest concentration of blue rockfish complex larvae 

was observed in January 2013 (Survey MLIA10). The concentration of blue rockfish complex 

larvae during survey MLIA10 was nearly 10 times greater than the next highest mean 

concentration in the 40 m deep tows at the intake stations. This concentration constituted more 

than 90% of the total mean concentration of blue rockfish complex larvae in the 40 m deep tows 

at the intake stations during the entire study period. Blue rockfish complex larvae were also 

collected in late-June 2012 (MLIA04) and early-May 2013 (MLIA15).  

 

Figure 4-33. Mean concentration (#/1,000 m
3
) and standard error for blue rockfish larvae 

collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 through 

June 14, 2013.  
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The mean concentrations of blue rockfish complex larvae collected in the 25 m and 40 m tows 

(combined) at the source water stations (SS and SN) by survey from June 21, 2012 through June 

14, 2013 is shown in Figure 4-34. The highest concentration was observed in January 2013 

(Survey MLIA10), and comprised more than 73% of the total mean concentration of blue 

rockfish complex larvae at the source water stations during the entire study period. Larval fishes 

from the blue rockfish complex were collected regularly throughout the year at the source water 

stations, occurring in all but two (September [MLIA07] and March [MLIA12]) of the surveys. 

 

Figure 4-34. Mean concentration (#/1,000 m
3
) and standard error for blue rockfish larvae 

collected by the 40 m and 25 m tows at the source water stations (SS and SN) from June 21, 

2012 through June 14, 2013.  

There was no clear difference between the day and night concentrations of blue rockfish complex 

larvae by survey at the source water stations (SS and SN) (both tows combined) or in the 40 m 

deep tows at the intake stations (I2 and I3) from June 21, 2012 through June 14, 2013. However, 

during the January 2013 survey (MLIA10) when the highest concentrations of blue rockfish 

complex larvae were collected at both the source water and intake stations, the largest mean 

concentration of blue rockfish complex larvae was observed at night. In two of four surveys 

when blue rockfish complex larvae were collected in the 40 m deep tows at the intake stations 

(I2 and I3), the mean day concentrations were greater than the mean night concentrations 

(Figure 4-35). In eight out of 12 surveys when blue rockfish complex larvae were collected at 

the source water stations (SS and SN), the mean day concentration was greater than the mean 

night concentration (Figure 4-36). 
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Figure 4-35. Mean concentration (#/1,000 m
3
) in night and day samples for blue rockfish 

larvae collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 

through June 14, 2013.  
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Figure 4-36. Mean concentration (#/1,000 m
3
) in night and day samples for blue rockfish 

larvae collected by the 40 m and 25 m tows at the source water stations (SS and SN) from 

June 21, 2012 through June 14, 2013.  
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The length frequency distribution of measured blue rockfish complex larval fishes had a 

unimodal distribution with most larvae in the range of 3.55 mm (0.140.20 in.) NL (Figure 4-

37). The lengths of the larvae from the intake stations samples ranged from 3 mm to 8 mm 

(0.120.31 in.) with a mean of 4.09 mm (0.16 in.). 

 

Figure 4-37. Length frequency for blue rockfish complex larvae collected in the 40 m deep 

tows at the intake stations (I2 and I3) from June 21, 2012 through June 14, 2013.  

4.6.5.4 ETM Impact Assessment 

The concentrations from intake stations I2 and I3 from the 40 m tows were used to estimate that 

the annual entrainment of blue rockfish complex larvae was 293,599 (Std. Error = 13,543) and 

739,870 (Std. Error = 34,127) during the June 21, 2012 through June 14, 2013 study period 

based, respectively, on daily intake flows of 94,635 m
3
 per day (25 MGD) and 

238,481 m
3
 per day (63 MGD) for the proposed facility (Table 4-3). Reproductively active 

female S. mystinus are capable of producing between 50,000 and 30,000 eggs per year (Miller 

and Geibel 1973). 

The period of time that blue rockfish complex larvae were vulnerable to entrainment was 

estimated from the ages of the larvae collected, which was based on measurements of 105 larvae. 

The calculated hatch length from the bootstrap samples of the data resulted in an estimate of 

3.4 mm (0.13 in.), which is slightly less than the published estimates of the length at release of 

3.8 mm (0.15 in.) (Moser 1996). The difference in length between the bootstrap estimate of the 
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95
th

 percentile of 5.5 mm (0.22 in.) and the estimated hatch length, divided by an estimated 

growth rate of 0.22 mm/d (0.01 in./d) from Yoklavich et al. (1996), resulted in an estimated 

larval exposure to entrainment of 9.6 days. 

There were four surveys when blue rockfish complex larvae were collected from both the intake 

and source water stations (Table 4-22). The PEi estimates for the sampled source water area 

show that the average was approximately 45% less than the volumetric ratio of the intake volume 

to the sampled source water body volume for the four surveys, reflecting the higher 

concentrations at the source water stations compared to the intake stations (Figures 4-33 and 4-

34). The average of the PEi estimates would be equal to the volumetric ratio if the larvae were, 

on average, uniformly distributed. The difference between the PEi estimates for the two intake 

volumes are proportional to the differences in the intake volumes.  

Figure 4-38 shows the areal extent of the source water body used in the ETM calculations for 

blue rockfish complex larvae. These back projection points were derived from the particle track 

model described in Section 3.6.1. The back-projection points used in the source water body 

included any points shallower than 100 m occurring 9.6 days prior to the time each back-

projection was initiated. Thirty back-projections were initiated for each survey where blue 

rockfish larvae were observed in the 40 m deep tows at either of the intake stations. The thirty 

back projections were initiated on randomly selected hours within 48 hours of the dates for the 

surveys when blue rockfish larvae where collected. 

The PEi estimates for the warm and cold regimes were extrapolated along the distance of 

shoreline shown in Table 4-23, with an average distance of 16.5 km (10.3 mi). The CODAR 

back-projections used in the alongshore extrapolations were limited to a depth of 100 m (328 ft). 

The results also show that approximately 77% of the calculated SWB population occurred during 

the December 2012 survey (Table 4-23). Blue rockfish complex larvae were collected during all 

but two of the surveys at the source water stations. As the adult habitat for these fishes is 

primarily along the rocky headlands at the north and southern edges of Monterey Bay, it may be 

uncommon for the larvae to be in large abundances in the center of the Bay where the intake 

stations were located. The small size of the larvae and relatively short duration may also indicate 

that some of the larvae are from fishes that are resident inside Moss Landing Harbor. Regardless 

of the reasons, the small number of PEi estimates for this taxa increase the uncertainty associated 

with the final ETM estimates of proportional mortality. 

Although there is a high level of uncertainty with the ETM estimates for this taxa the annual 

proportional mortality for blue rockfish complex was estimated to be 0.00008 (<0.01%) for a 

daily intake flow of 94,635 m
3
 per day (25 MGD) and 0.00019 (0.02%) for an intake flow of 

238,481 m
3
 per day (63 MGD) (Table 4-24). 
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Figure 4-38. Back projection points used to estimate the source water body extent for 

blue rockfish complex larvae in the ETM for the surveys when those larvae were 

collected.  
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Table 4-22. Estimated entrainment, estimated sampled source water body population, and 

proportional entrainment (PEi) estimates for blue rockfish complex larvae based on daily intake 

volumes of a) 94,635 m
3
 per day (25 MGD) and b) 238,481 m

3
 per day (63 MGD). 

a) 94,635 m3 per day (25 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 

Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 156 12 9,242,066 3,040 0.0000169 0.0000047 

MLIA05 07/30/2012 57 8 9,218,720 3,036 0.0000062 0.0000080 

MLIA06 08/22/2012 - - 3,195,033 1,787 - - 

MLIA07 09/21/2012 - - - - - - 

MLIA08 10/25/2012 - - 6,207,565 2,491 - - 

MLIA09 12/13/2012 - - 47,814,927 6,915 - - 

MLIA10 01/21/2013 9,041 95 913,946,175 30,232 0.0000099 0.0000034 

MLIA11 02/11/2013 - - 78,124,050 8,839 - - 

MLIA12 03/28/2013 - - - - - - 

MLIA13 04/11/2013 - - 26,542,718 5,152 - - 

MLIA14 04/25/2013 - - 32,535,915 5,704 - - 

MLIA15 05/08/2013 991 31 86,162,302 9,282 0.0000115 0.0000115 

MLIA16 05/29/2013 - - 13,066,500 3,615 - - 

MLIA17 06/14/2013 - - 11,389,343 3,375 - - 

    Average PEi = 0.0000111  

    Volumetric PE = 0.0000203  

b) 238,481 m3 per day (63 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 
Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 393 20 9,242,066 3,040 0.0000425 0.0000118 

MLIA05 07/30/2012 144 12 9,218,720 3,036 0.0000157 0.0000203 

MLIA06 08/22/2012 - - 3,195,033 1,787 - - 

MLIA07 09/21/2012 - - - - - - 

MLIA08 10/25/2012 - - 6,207,565 2,491 - - 

MLIA09 12/13/2012 - - 47,814,927 6,915 - - 

MLIA10 01/21/2013 22,783 151 913,946,175 30,232 0.0000249 0.0000087 

MLIA11 02/11/2013 - - 78,124,050 8,839 - - 

MLIA12 03/28/2013 - - - - - - 

MLIA13 04/11/2013 - - 26,542,718 5,152 - - 

MLIA14 04/25/2013 - - 32,535,915 5,704 - - 

MLIA15 05/08/2013 2,498 50 86,162,302 9,282 0.0000290 0.0000290 

MLIA16 05/29/2013 - - 13,066,500 3,615 - - 

MLIA17 06/14/2013 - - 11,389,343 3,375 - - 

    Average PEi = 0.0000280  

    Volumetric PE = 0.0000512  
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Table 4-23. Extrapolated proportional entrainment (PEi) estimates for blue rockfish complex larvae 

based on daily intake volumes of a) 94,635 m
3
 per day (25 MGD) and b) 238,481 m3 per day 

(63 MGD) used in ETM calculations. The proportion of SWB population values are the weights (fi) 

used for each survey in Equation (10). The shoreline distance for the SWB Shoreline Extent used in 

PSi (Equations [7] and [9]) and the weights used for the warm and cold regime for each survey period 

as described in Equation (10) are also provided. 

a) 94,635 m3 per day (25 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0.000013 0.000010 0.0062 19.93 31.00 69.00 

MLIA05 07/30/12 0.000006 0.000006 0.0080 15.19 37.06 62.94 

MLIA06 08/22/12 0 0 0.0023 - 26.46 73.54 

MLIA07 09/21/12 0 0 0.0000 - 42.80 57.20 

MLIA08 10/25/12 0 0 0.0073 - 52.58 47.42 

MLIA09 12/13/12 0 0 0.0591 - 79.49 20.51 

MLIA10 01/21/13 0.000010 0.000009 0.7701 15.11 67.82 32.18 

MLIA11 02/11/13 0 0 0.0724 - 59.75 40.25 

MLIA12 03/28/13 0 0 0.0000 - 34.14 65.86 

MLIA13 04/11/13 0 0 0.0104 - 48.10 51.90 

MLIA14 04/25/13 0 0 0.0128 - 23.04 76.96 

MLIA15 05/08/13 0.000011 0.000010 0.0411 15.69 24.36 75.64 

MLIA16 05/29/13 0 0 0.0066 - 24.49 75.51 

MLIA17 06/14/13 0 0 0.0035 - 45.32 54.68 

b) 238,481 m3 per day (63 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0.000033 0.000026 0.0062 19.93 31.00 69.00 

MLIA05 07/30/12 0.000016 0.000014 0.0080 15.19 37.06 62.94 

MLIA06 08/22/12 0 0 0.0023 - 26.46 73.54 

MLIA07 09/21/12 0 0 0.0000 - 42.80 57.20 

MLIA08 10/25/12 0 0 0.0073 - 52.58 47.42 

MLIA09 12/13/12 0 0 0.0591 - 79.49 20.51 

MLIA10 01/21/13 0.000025 0.000023 0.7701 15.11 67.82 32.18 

MLIA11 02/11/13 0 0 0.0724 - 59.75 40.25 

MLIA12 03/28/13 0 0 0.0000 - 34.14 65.86 

MLIA13 04/11/13 0 0 0.0104 - 48.10 51.90 

MLIA14 04/25/13 0 0 0.0128 - 23.04 76.96 

MLIA15 05/08/13 0.000028 0.000025 0.0411 15.69 24.36 75.64 

MLIA16 05/29/13 0 0 0.0066 - 24.49 75.51 

MLIA17 06/14/13 0 0 0.0035 - 45.32 54.68 
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Table 4-24. ETM estimates for blue rockfish complex larvae based on an 

intake volume of 94,635 m
3
 per day (25 MGD), and 238,481 m

3
 per day 

(63 MGD). 

Daily Intake 
Volume (m3) 

ETM Estimate 
of Proportional 
Mortality (PM) 

PM Standard 
Error 

PM + Standard 
Error 

PM - Standard 
Error 

94,635 0.000076 0.000056 0.000132 0.000021 

238,481 0.000192 0.000140 0.000332 0.000052 

4.6.6 KGB Rockfish Complex (Sebastes spp. V_) 

The rockfishes that comprise the KGB complex (kelp, 

gopher, and black-and-yellow rockfishes) can be 

considered a guild of nearshore, benthic, or epibenthic 

rockfishes sharing similar morphology and ecological 

roles. The species that comprise the KGB rockfish 

complex are those rockfish larvae that have a long ventral 

pigment series. They are common to Monterey Bay and 

Santa Cruz nearshore habitats and are described in the 

following section. 

4.6.6.1 Reproduction, Age, and Growth 

Kelp rockfish fecundity ranges from 344 to 403 eggs/g female weight, and spawning occurs once 

during late winter to spring (MacGregor 1970, Love et al. 1990, Moser 1996). The reproductive 

period lasts about seven months (Lea et al. 1999) and parturition occurs in April and May 

(Moreno 1993). Larval kelp rockfish are extruded at around 4.0 mm (0.16 in.) (Moser 1996). 

Moser and Smith (1993) reported that the majority of rockfish larvae from the 1951–1984 

CalCOFI samples were found from January–April with the majority collected in January. Moser 

et al. (2000) stated that the abundance of rockfish larvae that could be identified to species varied 

seasonally. In many eastern Pacific Ocean ichthyoplankton studies, rockfish larvae are identified 

to Sebastes spp. due to the difficulty in visually identifying most of the younger, smaller larvae 

(Yoklavich et al. 1996, Nishimoto 1996, Moser and Smith 1993, Moser et al. 2000). Young-of-

the-year (YOY) first appear under nearshore kelp canopies from July through August and then as 

schooling fishes in the water column from August through October. Lengths of YOY ranged 

from 20 to 40 mm TL (0.81.6 in.) (Lea et al. 1999). 

Longevity for the kelp rockfish is estimated at 25 years but few are older than 20 years of age 

(Love et al. 2002). The smallest sexually mature male was 246 mm (9.7 in.) TL at 4 years of age, 

and the largest immature male was 338 mm (13.3 in.) TL (not aged; Lea et al. 1999). The 

smallest sexually mature female was 160 mm (6.3 in.) TL at 3 years of age, and the largest 

immature female was 320 mm (12.6 in.) TL at 7 years of age (Lea et al. 1999). Females attain 

50% maturity at 3.5 yr and 100% maturity at 6 yr (Bloeser 1999). 
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Gopher rockfish fecundity ranges from 176–307 eggs/g female weight, and spawning occurs 

once per season in spring (MacGregor 1970, Wyllie Echeverria 1987, Moser 1996). Fecundity 

has been measured at about 425,000 eggs in a 260-mm (10-in.) fish from central California and 

175,000 eggs from a similar sized fish in southern California (Love et al. 2002). The 

reproductive period lasts 10 months (Lea et al. 1999), and parturition occurs in March–May 

(Moreno 1993). The majority of the larval rockfishes collected in southern California were less 

than or equal to 5.5 mm (0.22 in.) in length (Moser and Pommeranz 1999). Planktonic duration is 

approximately 2–3 months (Larson 1980). Metamorphosing juveniles first appear in nearshore 

habitats in mid- to late-June (Larson 1980). YOY first appear associated with nearshore reefs in 

July and August at 20-40 mm (0.0-1.6 in.) TL (Lea et al. 1999).  

Longevity for the gopher rockfish was estimated at 30 years, but few live longer than 20 years of 

age (Love et al. 2002). A 24 yr old (316 mm [12.4 in.] TL) tagged fish reported by Lea et al. 

(1999) grew only 4 mm (0.16 in.) in nearly 11 years between capture dates. A 15-yr old tagged 

fish (282 mm [11.1 in.] TL) grew 10 mm (0.39 in.) TL in 6.7 yr between capture dates (Lea et al. 

1999). The smallest sexually mature male in their study was 237 mm (9.3 in.) TL at 10 years of 

age, and the largest immature male was 237 mm (9.3 in.) TL at 10 years of age (Lea et al. 1999). 

The smallest sexually mature female was 207 mm (8.2 in.) TL (not aged), and the largest 

immature female was 306 mm (12.1 in.) TL at 9 years of age (Lea et al. 1999). Females are 

estimated to attain 50% maturity at 4 years of age (Wyllie Echeverria 1987, Bloeser 1999). 

Parturition timing and early development of black-and-yellow rockfish is similar to that of other 

species in the KGB complex. Black-and-yellow rockfish spawn between February and May 

(Larson 1980, Wyllie Echeverria 1987), and larvae are released annually (Lea et al. 1999). YOY 

have been observed in kelp beds in July and August at ca. 20 mm to 30 mm (0.79-1.18 in.) TL 

(Lea et al. 1999). 

Longevity for the black-and-yellow rockfish was estimated at 21 years (Lea et al. 1999). Age 

estimates were validated for fishes up to about 5 years of age and assumed to be accurate for 

older fishes (Lea et al. 1999). The smallest sexually mature male was 239 mm (9.4 in.) TL at 

4 years of age, while the largest immature male was 301 mm (11.9 in.) TL at 9 years of age (Lea 

et al. 1999). The smallest sexually mature female was 243 mm (9.6 in.) TL at 6 years of age and 

the largest immature female was 270 mm (10.6 in.) TL at 7 years of age (Lea et al. 1999). 

Females are estimated to attain 50% maturity at 3 years of age and 100% maturity at 4 years of 

age (Wyllie Echeverria 1987, Bloeser 1999). 

4.6.6.2 Population Trends and Fishery 

Rockfishes in the KGB complex have both commercial and recreational fishery value (Starr et al. 

1998, Bloeser 1999, Lea et al. 1999). Starr et al. (1998) notes that while commercial catches 

were stable or increasing in the 1980s and 1990s, the abundance of these species was much 

higher before 1980.  
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Recreational landings in central 

California (San Luis Obispo to Santa 

Cruz counties) during the 2004–2013 

time period averaged 158,983 fishes 

per year with a high of 233,711  in 

2011 and a low of 113,542  in 2006 

(Table 4-25). 

Commercial groundfish landings 

from all gear types reported by 

PacFIN (2013) from 2004 through 

2013 showed that combined landings 

of kelp, gopher, black-and-yellow, 

brown, copper, quillback, china, 

greenspotted, and grass rockfishes in 

Monterey and Santa Cruz counties 

averaged 13,647 lb (6,190 kg) per 

year with an annual average ex-vessel 

value of $95,785. The largest annual 

commercial catch during this period 

occurred in 2004 and weighed 

16,500 lb (7,484 kg). The revenue for 

that year was $93,421, equivalent to $0.18 per lb. The lowest annual commercial catch occurred 

in 2013 and weighed 8,630 lb (3,914 kg). The revenue for that year was $64,847, equivalent to 

$0.13 per lb (Table 4-25).  

4.6.6.3 Sampling Results 

The KGB rockfish complex was the eighth most abundant larval fish taxon in the source water 

stations (both depths combined) and the nineteenth most abundant larval fish taxon in the 40 m 

deep tows at the intake stations from June 21, 2012 through June 14, 2013. The mean 

concentration of KGB rockfish complex larvae at the source water stations was 

8.82 individuals/1,000 m
3
 (Table 4-4) and was 1.48 individuals/1,000 m

3
 at the intake stations 

(Table 4-2). 

The mean concentration of KGB rockfish complex larvae collected in the 40 m deep tows at the 

intake stations (I2 and I3) by survey is shown in Figure 4-39. Larval fishes from the KGB 

rockfish complex were collected in three surveys that occurred in winter and spring at the intake 

stations: January (MLIA10), March (MLIA12) and early-May (MLIA15).  

Table 4-25. KGB rockfish complex recreational fishing 

catch for central California (San Luis Obispo to Santa 

Cruz counties) reported by RecFIN (2013), and 

commercial fishing landings and ex-vessel value for 

Monterey and Santa Cruz counties reported by PacFIN 

(2013). Data are from January 2004 through December 

2013. 

 Recreational Fishery Commercial Fishery 

Year 

Estimated 
Numbers 
 Landed 

Estimated 
Weight (lb) 

Landed 
Weight (lb) Revenue ($) 

2004 119,432 125,587 16,500 93,421 

2005 152,233 214,976 12,795 90,917 

2006 113,542 143,037 13,717 104,747 

2007 122,250 147,323 16,330 120,961 

2008 131,151 145,176 15,648 116,180 

2009 167,919 205,670 15,866 104,584 

2010 199,310 222,014 12,540 85,086 

2011 233,711 254,964 11,613 83,342 

2012 218,760 252,682 12,828 93,767 

2013 131,523 147,337 8,630 64,847 

Average 158,983 185,877 13,647 95,785 

KGB complex includes data for kelp, gopher, black and yellow, brown, 

copper, quillback, china, greenspotted, and grass rockfish species. 
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Figure 4-39. Mean concentration (#/1,000 m
3
) and standard error for KGB rockfish larvae 

collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 through 

June 14, 2013.  

The mean concentration of KGB rockfish complex larvae collected in the 25 m and 40 m tows 

(combined) at the source water stations (SS and SN) by survey from June 21, 2012 through June 

14, 2013 is shown in Figure 4-40. KGB rockfishes were collected intermittently throughout the 

year at the source water stations, occurring in all but three (September, December, and March) of 

the surveys. Concentrations peaked in January 2013 (MLIA10) and they occurred in five 

consecutive surveys from late spring through early summer. They also occurred at the source 

water stations in three consecutive surveys in the late-summer the preceding year, from June 

through August 2012 (MLIA04 through MLIA06).  
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Figure 4-40. Mean concentration (#/1,000 m
3
) and standard error for KGB rockfish larvae 

collected by the 40 m and 25 m tows at the source water stations (SS and SN) from June 21, 

2012 through June 14, 2013.  

There was no clear difference between the day and night concentrations of KGB rockfish 

complex larvae by survey at the source water stations (SS and SN) (both tow depths combined) 

or in the 40 m deep tows at the intake stations (I2 and I3) June 21, 2012 through June 14, 2013. 

In two out of three surveys when KGB rockfish complex larvae were collected at the intake 

stations (I2 and I3), the mean day concentration was greater than the mean night concentration 

(Figure 4-41). Concentrations were greater at the source water stations at night in six of 11 

surveys (Figure 4-42). 
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Figure 4-41. Mean concentration (#/1,000 m
3
) in night and day samples for KGB rockfish 

larvae collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 

through June 14, 2013.  

 



4.0: Assessment Results 

   

ESLO2013-045.1  

DeepWater Desal  Larval Entrainment 4-86 

 

 

Figure 4-42. Mean concentration (#/1,000 m
3
) in night and day samples for KGB rockfish 

larvae collected by the 40 m and 25 m tows at the source water stations (SS and SN) from 

June 21, 2012 through June 14, 2013.  
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The length frequency distribution of measured KGB rockfish complex larvae had a unimodal 

distribution with most larvae in the range of 3.55 mm (0.140.20 in.) NL (Figure 4-43). The 

lengths of the larvae from the intake stations samples ranged from 3 mm to 5.5 mm 

(0.120.22 in.) with a mean of 4.16 mm (0.16 in.). 

 

Figure 4-43. Length frequency for KGB rockfish complex larvae collected in the 40 m deep 

tows at the intake stations (I2 and I3) from June 21, 2012 through June 14, 2013.  

4.6.6.4 ETM Impact Assessment 

The larval concentrations from stations I2 and I3 from the 40 m tows were used to estimate that 

the annual entrainment of KGB rockfish complex larvae was 42,701 (Std. Error = 4,527) and 

107,607 (Std. Error = 11,408) during the June 21, 2012 through June 14, 2013 study period 

based, respectively, on daily intake flows of 94,635 m
3
 per day (25 MGD) and 

238,481 m
3
 per day (63 MGD) for the proposed facility (Table 4-3). Gopher rockfish are 

estimated to spawn approximately 425,000 eggs. Kelp rockfish are estimated to produce just 

under twice the number of eggs by adult fish weight (Love et al. 2002). 

The period of time that KGB rockfish complex larvae were vulnerable to entrainment was 

estimated from the ages of the larvae collected, which was based on measurements of 58 larvae. 

The calculated hatch length from the bootstrap samples of the data resulted in an estimate of 

3.5 mm (0.14 in.), which is slightly less than the published estimates of the length at release of 
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4.0-4.3 mm (0.16-0.17 in.) (Moser 1996). The difference in length between the bootstrap 

estimate of the 95
th

 percentile of 5.2 mm (0.20 in.) and the estimated hatch length, divided by an 

estimated growth rate of 0.22 mm/d (0.01 in./d) from Yoklavich et al. (1996), resulted in an 

estimated larval exposure to entrainment of 8.1 days.   

There were three surveys when KGB rockfish complex larvae were collected from both the 

intake and source water stations (Table 4-26). The PEi estimates for the sampled source water 

area show that the average was approximately 20% lower than the volumetric ratio of the intake 

volume to the sampled source water body volume for the three surveys, reflecting the higher 

concentrations at the source water stations compared to the intake stations (Figures 4-39 and 4-

40). The average of the PEi estimates would be equal to the volumetric ratio if the larvae were, 

on average, uniformly distributed. The difference between the PEi estimates for the two intake 

volumes are proportional to the differences in the intake volumes.  

Figure 4-44 shows the areal extent of the source water body used in the ETM calculations for 

KGB rockfish complex larvae. These back projection points were derived from the particle track 

model described in Section 3.6.1. The back-projection points used in the source water body 

included any points shallower than 60 m occurring 8.1 days prior to the time each back-

projection was initiated. Thirty back-projections were initiated for each survey where KGB 

rockfish larvae were observed in the 40 m deep tows at either of the intake stations. The thirty 

back projections were initiated on randomly selected hours within 48 hours of the survey date for 

those surveys when the larvae were collected. 

The PEi estimates for the warm and cold regimes were extrapolated along the distance of 

shoreline shown in Table 4-27, with an average distance of 8.5 km (5.3 mi.). The CODAR back-

projections used in the alongshore extrapolations were limited to a depth of 60 m (197 ft). The 

results also show that approximately 58% of the calculated SWB population occurred during the 

January and May 2013 surveys. KGB rockfish complex larvae were collected during all but two 

of the surveys at the source water stations. As the adult habitat for these fishes is primarily along 

the rocky headlands at the north and southern edges of Monterey Bay, it may be uncommon for 

the larvae to be in large abundances in the center of the Bay where the intake stations were 

located. The small size of the larvae and relatively short duration may also indicate that some of 

the larvae are from fishes that are resident inside Moss Landing Harbor. Regardless of the 

reasons, the small number of PEi estimates for this taxa increase the uncertainty associated with 

the final ETM estimates of proportional mortality. 

Although there is a high level of uncertainty with the ETM estimates for this taxa the annual 

proportional mortality for KGB rockfish complex was estimated to be 0.00003 (<0.01%) for an 

intake flow of 94,635 m
3
 per day (25 MGD) and 0.00087 (0.01%) for an intake flow of 

238,481 m
3
 per day (63 MGD) (Table 4-28). 
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Figure 4-44. Back projection points used to estimate the source water body extent for 

KGB rockfish complex larvae in the ETM for the surveys when those larvae were 

collected.  
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Table 4-26. Estimated entrainment, estimated sampled source water body population, and 

proportional entrainment (PEi) estimates for KGB rockfish complex larvae based on daily intake 

volumes of a) 94,635 m
3
 per day (25 MGD) and b) 238,481 m

3
 per day (63 MGD). 

a) 94,635 m3 per day (25 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled Source 

Water 
Sampled Source Water 

Body Warm PEi 

Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 - - 5,818,913 2,412 - - 

MLIA05 07/30/2012 - - 21,729,881 4,662 - - 

MLIA06 08/22/2012 - - 3,195,033 1,787 - - 

MLIA07 09/21/2012 - - - - - - 

MLIA08 10/25/2012 - - 15,092,463 3,885 - - 

MLIA09 12/13/2012 - - - - - - 

MLIA10 01/21/2013 570 24 124,313,712 11,150 0.0000046 0.0000035 

MLIA11 02/11/2013 - - 34,967,004 5,913 - - 

MLIA12 03/28/2013 161 13 6,045,111 2,459 0.0000266 0.0000279 

MLIA13 04/11/2013 - - 3,989,370 1,997 - - 

MLIA14 04/25/2013 - - 58,746,821 7,665 - - 

MLIA15 05/08/2013 1,231 35 115,423,979 10,744 0.0000107 0.0000081 

MLIA16 05/29/2013 - - 3,005,756 1,734 - - 

MLIA17 06/14/2013 - - 21,077,520 4,591 - - 

    Average PEi = 0.0000140  

    Volumetric PE = 0.0000203  

b) 238,481 m3 per day (63 MGD) Intake Volume 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source Water 

Body Warm PEi 
Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 - - 5,818,913 2,061,957 - - 

MLIA05 07/30/2012 - - 21,729,881 17,478,395 - - 

MLIA06 08/22/2012 - - 3,195,033 1,746,857 - - 

MLIA07 09/21/2012 - - - - - - 

MLIA08 10/25/2012 - - 15,092,463 155,571 - - 

MLIA09 12/13/2012 - - - - - - 

MLIA10 01/21/2013 1,437 1,028 124,313,712 31,500,103 0.0000116 0.0000088 

MLIA11 02/11/2013 - - 34,967,004 8,698,211 - - 

MLIA12 03/28/2013 406 406 6,045,111 1,888,343 0.0000671 0.0000703 

MLIA13 04/11/2013 - - 3,989,370 3,711,904 - - 

MLIA14 04/25/2013 - - 58,746,821 23,726,759 - - 

MLIA15 05/08/2013 3,102 2,347 115,423,979 8,818,045 0.0000269 0.0000204 

MLIA16 05/29/2013 - - 3,005,756 1,951,193 - - 

MLIA17 06/14/2013 - - 21,077,520 13,787,951 - - 

    Average PEi = 0.0000352  

    Volumetric PE = 0.0000512  
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Table 4-27. Extrapolated proportional entrainment (PEi) estimates for KGB rockfish complex larvae 

based on daily intake volumes of a) 94,635 m
3
 per day (25 MGD) and b) 238,481 m3 per day 

(63 MGD) used in ETM calculations. The proportion of SWB population values are the weights (fi) 

used for each survey in Equation (10). The shoreline distance for the SWB Shoreline Extent used in 

PSi (Equations [7] and [9]) and the weights used for the warm and cold regime for each survey period 

as described in Equation (10) are also provided. 

a) 94,635 m3 per day (25 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0 0 0.0144 - 31.73 68.27 

MLIA05 07/30/12 0 0 0.0693 - 39.17 60.83 

MLIA06 08/22/12 0 0 0.0086 - 29.36 70.64 

MLIA07 09/21/12 0 0 0.0000 - 44.37 55.63 

MLIA08 10/25/12 0 0 0.0652 - 53.92 46.08 

MLIA09 12/13/12 0 0 0.0000 - 75.65 24.35 

MLIA10 01/21/13 0.000005 0.000005 0.3839 9.40 69.57 30.43 

MLIA11 02/11/13 0 0 0.1188 - 57.96 42.04 

MLIA12 03/28/13 0.000027 0.000031 0.0180 8.86 31.95 68.05 

MLIA13 04/11/13 0 0 0.0057 - 47.55 52.45 

MLIA14 04/25/13 0 0 0.0847 - 22.97 77.03 

MLIA15 05/08/13 0.000011 0.000010 0.2020 7.33 22.50 77.50 

MLIA16 05/29/13 0 0 0.0056 - 23.33 76.67 

MLIA17 06/14/13 0 0 0.0239 - 47.70 52.30 

b) 238,481 m3 per day (63 MGD) Intake Volume 

Survey 
Survey 

Date 

Warm 
Regime PEi 

Estimate 
Cold Regime 
PEi Estimate 

Proportion of 
SWB 

Population 
SWB Shoreline 

Extent (km) 

Percent of Survey 
Period  

Warm 
Regime 

Cold 
Regime 

MLIA04 06/22/12 0 0 0.0144 - 31.73 68.27 

MLIA05 07/30/12 0 0 0.0693 - 39.17 60.83 

MLIA06 08/22/12 0 0 0.0086 - 29.36 70.64 

MLIA07 09/21/12 0 0 0.0000 - 44.37 55.63 

MLIA08 10/25/12 0 0 0.0652 - 53.92 46.08 

MLIA09 12/13/12 0 0 0.0000 - 75.65 24.35 

MLIA10 01/21/13 0.000012 0.000011 0.3839 9.40 69.57 30.43 

MLIA11 02/11/13 0 0 0.1188 - 57.96 42.04 

MLIA12 03/28/13 0.000067 0.000079 0.0180 8.86 31.95 68.05 

MLIA13 04/11/13 0 0 0.0057 - 47.55 52.45 

MLIA14 04/25/13 0 0 0.0847 - 22.97 77.03 

MLIA15 05/08/13 0.000027 0.000024 0.2020 7.33 22.50 77.50 

MLIA16 05/29/13 0 0 0.0056 - 23.33 76.67 

MLIA17 06/14/13 0 0 0.0239 - 47.70 52.30 
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Table 4-28. ETM estimates for KGB rockfish complex larvae based on an 

intake volume of 94,635 m
3
 per day (25 MGD), and 238,481 m

3
 per day 

(63 MGD).  

Daily Intake 
Volume (m3) 

ETM Estimate 
of Proportional 
Mortality (PM) 

PM Standard 
Error 

PM + Standard 
Error 

PM - Standard 
Error 

94,635 0.000034 0.000029 0.000064 0.000005 

238,481 0.000087 0.000074 0.000161 0.000012 

4.6.7 Rock crabs (Cancridae) 

Crabs of the family Cancridae are widely 

distributed in coastal waters of the west coast of 

North America (Nations 1975). They occur in 

intertidal and shallow subtidal habitats on both 

rock and sand substrate. All of the nine species 

known to occur in the northeast Pacific were 

formerly classified into a single genus, Cancer, 

but a taxonomic revision of the family by 

Schweitzer and Feldmann (2000) based on 

molecular, fossil, and morphological evidence 

resulted in dividing the genus into four genera: 

Glebocarcinus, Romaleon, Metacarcinus and 

Cancer. The following six species of cancrid crabs are known to occur in Monterey Bay, but due 

to overlapping ranges in sizes and similarities in morphology, the megalops larvae could not be 

reliably identified to the level of species, except for Dungeness crab (Metacarcinus magister) 

and yellow crab (Metacarcinus anthonyi). For the purposes of the taxa specific analysis, all 

cancer crab megalops taxa have been grouped as one Cancer crab taxon. 

Common name(s) Scientific Name 

Pacific (brown) rock crab Romaleon antennarius 

Slender (graceful) crab Metacarcinus gracilis 

Hairy rock crab Romaleon jordani 

Red rock crab Cancer productus 

Yellow crab Metacarcinus anthonyi 

Dungeness (market) crab Metacarcinus magister 

Each species has characteristic differences in distribution, preferred habitat, growth rates, and 

demographic parameters. For example, Pacific rock crab is a relatively large species (carapace 

width >155 mm [>6.1 in.]) that live primarily at sand/rock interfaces, among kelp forests, but 

also in bays on sand and shell debris. Slender crab is a smaller species (carapace width >130 mm 

[>5.1 in.]) associated with mixed rock-sand substrates in shallow outer coast habitats. Maximum 

clutch sizes in cancrid crabs can range from as many as 5,000,000 eggs in yellow crab to 
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approximately 50,000 eggs in G. oregonensis, one of the smaller species (Hines 1991). These 

types of differences imply that specific information on life history parameters cannot readily be 

generalized among cancrid species. 

4.6.7.1 Reproduction, Age, and Growth 

All species of cancrid crabs share certain fundamental life history traits. Eggs are extruded from 

the ovaries through an oviduct and are carried in a sponge-like mass beneath the abdominal flap 

of the adult female. After a development period of several weeks, the eggs hatch and a pre-zoea 

larva emerges, beginning the planktonic life history phase. As in all crustaceans, growth 

progresses through a series of molts. The planktonic larvae advance through six stages of 

successive increases in size: five zoea (not including the brief pre-zoea stage) followed by one 

megalops stage. After several weeks as planktonic larvae, the crabs metamorphose into the first 

crab stage (first instar) and settle out to begin their benthic life history phase. Maturity is 

generally attained within 12 years. Mature females mate while in the soft shell molt condition 

and extrude fertilized eggs onto the abdominal pleopods. Females generally produce one or two 

batches per year, typically in winter. Fecundity per batch increases significantly with female 

body size (Hines 1991). 

The Pacific rock crab primarily inhabits rocky shores and rocky subtidal reefs but may bury in 

coarse to silty sands adjacent to preferred habitat. Ovigerous Pacific rock crabs have been 

observed buried in sand at the base of rocks in shallow water and are found more commonly in 

water less than 18 m (59 ft) deep in southern California. Pacific rock crab females can extrude 

between approximately 156,000 and 5 million eggs per batch (Hines 1991). Females on average 

produce a single batch per year; however, due to occasional multiple spawnings, the average 

number of batches per year may be greater than one (Carroll 1982).  

Eggs require a development time of approximately 7–8 weeks from extrusion to hatching 

(Carroll 1982). Larval development in the Pacific rock crab was described by Roesijadi (1976). 

Eggs hatch into pre-zoea larvae that molt to first stage zoea in less than 1 hour. Average larval 

development time (from hatching through completion of the fifth stage) was 36 days at 13.8°C. 

Although some crabs molted to the megalops stage, none molted to the first crab instar stage, so 

the actual duration of the megalops stage is unknown. A reasonable estimate can be derived from 

studies of slender crab by Ally (1975), who found an average duration of megalops stage of 

14.6 days. Therefore, the estimated length of time from hatching to settling for Pacific rock crab 

is approximately 50 days.  

During their planktonic existence, crab larvae can become widely distributed in nearshore 

waters. In a study in Monterey Bay, Graham (1989) found that Pacific rock crab stage 1 zoea are 

most abundant close to shore and that subsequent zoeal stages tend to remain within a few 

kilometers of the coastline. The adult population primarily resides in relatively shallow rocky 

areas, and the nearshore retention of larvae in Graham’s study (1989) was related to the 

formation of an oceanographic frontal zone in northern Monterey Bay that prevented substantial 

offshore transport during upwelling periods.  
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The nearshore distribution of crab larvae depends upon developmental stage. Shanks (1985) 

presented evidence that early stage larvae of rock crabs (probably yellow crab in his southern 

California study) generally occur near the bottom, in depths up to 80 m (262 ft); late stage larvae, 

however, were more abundant near the surface. He suggested that a combination of physical 

factors (primarily including wind-generated surface currents and tidally forced internal waves) 

caused megalopae to be transported shoreward. Late stage larvae (megalops) generally begin to 

recruit to the nearshore habitat in spring (Winn 1985).  

4.6.7.2 Population Trends and Fishery 

Besides the valuable Dungeness crab, the three largest species of rock crabs (Pacific rock crab, 

red rock crab, and yellow crab) contribute to economically significant fisheries in California. 

There is no commercial fishery for the slender crab (Metacarcinus gracilis). Rock crabs are 

fished along the entire California coast (Leet et al. 2001). The rock crab fishery is most important 

in southern California (from Morro Bay south), which produces a majority of the landings, and 

of lesser importance in Monterey Bay and northern areas of California where the fishery targets 

the more desirable Dungeness crab. The commercial harvest of rock crab, excluding Dungeness 

crab, has been difficult to assess on a species-by-species basis because the fishery statistics are 

combined into the general “rock crab” category.  

Recreational crabbing is popular in many areas and is often conducted in conjunction with other 

fishing activities, however there is no reporting of recreational landings of crabs in publicly 

available data through the Recreational Fishery Information Network (RecFIN). 

Data collected by Pacific Fishery Information Network (PacFIN 2013) on commercial rock crab 

landings for Monterey and Santa Cruz counties from 2004 through 2012 show an average of 

3,065 lb/yr (1,390 kg), including 3 years without any reported landings. The largest annual 

commercial catch of rock crabs during this period occurred in 2010 and weighed 7,610 lb 

(3,452 kg). The revenue for that year was $16,906, equivalent to $0.45 per lb. The lowest annual 

commercial catch reported, other than the three years when no catch was reported, occurred in 

2008 and weighed 482 lb (219 kg). The revenue for that year was $501, equivalent to 

$0.96 per lb (Table 4-29).  

Dungeness crab landings form the major crab fishery in Monterey and Santa Cruz counties, with 

an average of 297,200 per year and an average ex-vessel revenue per year of $835,661. The 

largest annual commercial catch during this period occurred in 2012 and weighed 621,077 lb 

(282 MT). The revenue for that year was $2,073,406, equivalent to $0.30 per lb. The lowest 

annual commercial catch occurred in 2008 and weighed 124,378 lb (56 MT). The revenue for 

that year was $408,660, equivalent to $0.30 per lb (Table 4-29).  
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Table 4-29. Rock crab and Dungeness crab commercial fish landings 

and ex-vessel value in Monterey and Santa Cruz counties from January 

2004 through September 2013. Source: PacFIN (2013). 

 Rock crab Dungeness crab 

Year 
Landed Weight 

(lb) 
Revenue ($) 

Landed Weight 
(lb) 

Revenue ($) 

2004 2,599 3,136 169,044 321,782 

2005 5,036 3,379 302,656 609,311 

2006 -- -- 207,978 601,882 

2007 -- -- 139,781 439,158 

2008 482 501 124,378 408,660 

2009 -- -- 164,198 479,593 

2010 7,610 16,906 385,975 890,986 

2011 7,461 11,803 488,237 1,302,909 

2012 4,398 5,134 621,077 2,073,406 

2013 Incomplete Incomplete 368,674 1,228,927 

Average 3,065 4,540 297,200 835,661 

*Data for rock crab landings in 2013 are incomplete because it is a year-round 

season, therefore, average values are from 2004 through 2012. 

4.6.7.3 Sampling Results 

The total mean concentration of Cancer crab megalops at the source water stations (both tow 

depths combined) was 274.26 individuals/1,000 m
3
 and was 321.13 individuals/1,000 m

3
 in the 

40 m deep tows at the intake stations from June 21, 2012 through June 14, 2013. 

The mean concentration of Cancer crab megalops collected by survey in the 40 m deep tows at 

the intake stations (I2 and I3) is shown in Figure 4-45. Cancer crab megalops were collected in 

all but the early May survey (Survey MLIA15). The highest concentration of Cancer crab 

megalops were observed in spring surveys, particularly late March through April (MLIA12 

through MLIA14). Concentrations during these three surveys constituted more than 83% of the 

total mean concentration of Cancer crab megalops in the 40 m deep tows at the intake stations 

(I2 and I3) during the entire study period.  
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Figure 4-45. Mean concentration (#/1,000 m
3
) and standard error for Cancer crab megalops 

collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 through 

June 14, 2013.  

The mean concentrations of Cancer crab megalops collected in the 25 m and 40 m tows 

(combined) at the source water stations (SS and SN) by survey from June 21, 2012 through June 

14, 2013 are shown in Figure 4-46. Cancer crab megalops were collected in every survey at the 

source water stations (SS and SN). Although high concentrations of Cancer crab megalops were 

observed in the same spring surveys as the intake stations (late-March through April [MLIA12 

through MLIA14]) at least four other surveys had relatively high concentrations of Cancer crab 

megalops at the source water stations (SS and SN). These were the three surveys from July 

through September (MLIA05 through MLIA07) and the December survey (MLIA09). 
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Figure 4-46. Mean concentration (#/1,000 m
3
) and standard error for Cancer crab megalops 

collected by the 40 m and 25 m tows at the source water stations (SS and SN) from June 21, 

2012 through June 14, 2013.  

No clear difference was observed between the day and night concentrations of Cancer crab 

megalops by survey in the 40 m deep tows at the intake stations (I2 and I3) from June 21, 2012 

through June 14, 2013. In three of 13 surveys when Cancer crab megalops were collected in the 

40 m deep tows at the intake stations (I2 and I3), the mean day concentrations were greater than 

the mean night concentrations (Figure 4-47). 
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Figure 4-47. Mean concentration (#/1,000 m
3
) in night and day samples for Cancer crab 

megalops collected by the 40 m deep tows at the intake stations (I2 and I3) from June 21, 

2012 through June 14, 2013.  

There were substantially greater concentrations of Cancer crab megalops at night at the source 

water stations (both tow depths combined) than during the day in all but one survey (Figure 4-

48). The total mean concentration of Cancer crab megalops by survey at the source water stations 

at night was greater than five times that of the total mean concentration during the day. 
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Figure 4-48. Mean concentration (#/1,000 m
3
) in night and day samples for cancer crab 

megalops collected by the 40 m and 25 m tows at the source water stations (SS and SN) 

from June 21, 2012 through June 14, 2013.  
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5.0 Discussion and Conclusions 

This report presents an assessment of the potential for impacts to fish and invertebrate marine 

life due to water withdrawals at Moss Landing in Monterey Bay, California associated with the 

proposed operation of an ocean water desalination facility by DeepWater Desal (DWD) LLC. 

The proposed location of the intake for the desalination facility is unique due to its proximity to a 

submarine canyon, the Monterey Submarine Canyon (the Canyon), which reaches close to the 

shore at Moss Landing. DWD has proposed to construct an intake pipe to withdraw seawater 

from depths significantly deeper than a traditional seawater desalination facility or other ocean 

intakes in California at the head of the Canyon.  

The objectives of this study were to assess: 

1. the potential for impacts to fish and invertebrate marine life due to larval entrainment 

through the CCRWP’s feedwater intake pipe, and  

2. the potential benefits of a deep water intake design in relation to the entrainment of 

marine fish and invertebrate larvae.  

The final intake design will include a wedgewire screen that will result in a reduction of the 

impacts provided in this assessment which were estimated assuming an open unscreened intake. 

Effects from the offshore feedwater screened intake can result from impingement of organisms 

on the intake wedgewire screen and entrainment into the feedwater system. Towed plankton 

samples were collected near the vicinity of the proposed offshore intake, and in the surrounding 

source water, to quantify the composition and abundance of larval fishes and selected larval 

invertebrates. Six taxa of larval fish were selected for detailed assessment based on 1) their 

abundances at the intake station, 2) the availability of suitable life-history information to meet 

assessment model requirements, and 3) criteria outlined in USEPA Draft Guidelines (USEPA 

1977). The sampling design of this study was consistent with other ocean intake assessments 

done throughout California over the past several years. 

The final project will need to comply with California State Water Code Section 13142(d), which 

provides that “independent baseline studies of the existing marine system should be conducted in 

the area that could be affected by a new or expanded industrial facility using seawater in advance 

of the carrying out of the development.” It should be noted that the intake for the Project is not 

subject to regulation under the Federal Clean Water Act (CWA) Section 316(b) or the recently 

adopted California Statewide Water Quality Control Policy on the Use of Coastal and Estuarine 

Waters for Power Plant Cooling. However, California regulatory agencies have generally 

required that 316(b)-type studies be conducted for ocean intakes at coastal power plants and 

desalination facilities in California. There are regulations currently under development at the 

California State Water Resources Control Board that will directly address desalination plant 

intake and discharge effects. 
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5.1 Overview of Assessment Approach 

The data collected from the intake and source water sampling were used to assess the potential 

for adverse environmental impacts (AEI) to fish and other marine organisms. The assessment 

was limited to the taxa that were sufficiently abundant to provide reasonable assessment of 

impacts, but also included some species such as blue and KGB rockfishes that were not among 

the most abundant but had local fishery importance. The assessment involved the calculation of 

entrainment estimates for individual taxa based on two proposed intake flow volumes, and then 

used these results to model the losses to adult and larval source populations using the empirical 

transport model (ETM). The ETM is the primary method used in assessing the effects of ocean 

water intake systems for power plants and desalination plants in California. The ETM is a 

modeling approach that uses data on target taxa abundances from sampling of the entrained 

larvae and potential source populations of larvae to calculate estimates of proportional 

entrainment (PE), an estimate of the daily conditional mortality due to entrainment. The PE 

estimates and other information on the source population of larvae are used to calculate an 

annual estimate of the total probability of mortality (PM) due to entrainment using the ETM 

(Boreman et al. 1978, Boreman et al. 1981, Steinbeck et al. 2007).  

Another approach sometimes used to assess impacts is a demographic model called fecundity 

hindcasting that estimates the equivalent adult females lost using the lifetime reproductive output 

of an adult female. This method requires egg and larval survivorship up to the age of entrainment 

plus estimates of fecundity. Species-specific survivorship information (e.g., age-specific 

mortality) for eggs and larvae is limited for many of the taxa considered in this assessment. 

Uncertainty surrounding published demographic parameters is seldom known and rarely 

reported, but the likelihood is that it is very large, and this needs to be considered when 

interpreting results from demographic modeling of entrainment effects. Therefore, only the ETM 

analysis was used in this assessment, although the magnitude of larval losses can be compared to 

lifetime fecundity estimates for target species as a way of putting potential entrainment losses 

into perspective.  

Providing some perspective surrounding larval losses is especially important for projects where 

the intake volumes are very low relative to the source water volume. In general, this should result 

in estimates from the ETM that are correspondingly very low, but the estimated effects can be 

much larger if the spawning habitat for a fish is in the direct vicinity of the intake. In these cases 

the ETM functions as a screening procedure to identify species that could be disproportionately 

impacted as a result of entrainment by an intake. As described in the following sections, the 

concept of PE as the volumetric ratio of the intake to source water volume is also important in 

this evaluation process.   

5.1.1 Overview of ETM 

The application of the ETM to this study required a modification to the estimation of the size of 

the source water population. In Monterey Bay, including the area adjacent to the proposed 
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project intake, deep water from within the Canyon is advected into shallower depths due to an 

internal tide that is pronounced at the head of the Canyon. The input of this deep Canyon water 

to the shallower depths where it can be entrained by the desalination intake has implications for 

quantifying the size of the source water populations in the ETM. In order to accommodate the 

implications of the internal tide in the ETM, a model concept was developed that incorporated 

two water bodies: the shelf water body is a shallower, warmer water body which extends 

throughout Monterey Bay and incorporates the primary adult habitat of larval species typically 

entrained by an intake, and the second water body is the deeper, colder Canyon water body 

which is advected into the shelf water body by the internal tide. The periods of time when this 

cold water is advected from the Canyon into shallower depths where the intake pipe is located 

are termed the “cold regime periods.” The “warm regime periods” are when the deeper, colder 

Canyon water is not contributing to the source water population due to its absence from the 

relatively shallow depths where the proposed intake will be located. The ETM for this project 

incorporated this additional Canyon source water population into the calculation of proportional 

mortality.  

The results of the ETM analysis for each of the six taxa incorporated the two-part water body 

concept through the calculations of separate estimates of PE for each regime. The cold regime 

source water body was determined by the shelf water body extent and the warm regime source 

water body was determined by the combined shelf and Canyon water bodies. The two PE 

estimates were similar in value during periods when the warm regime was dominant. This was 

because the relative contribution of source water volume from the Canyon water body was 

determined by the length of time the cold regime occurred. If this was relatively small, the 

contribution was also likely to be small. The only way that this could be larger was if either the 

current speeds were unusually high, resulting in a large volume of water advecting from the 

Canyon onto the shelf in a short period of time, or the concentration of fish were high during 

those periods. The concentration of fish in the Canyon water body were derived from the 40 m 

deep tows and these tows were shown to generally have lower larval fish concentrations than the 

25 m deep tows used as part of the shelf source water body estimate (Figure 4-6 and Section 

4.4).  

For example, the PE estimates for northern anchovy (Table 4-8) based on 63 MGD intake 

volume, were very similar during MLIA09, MLIA10, and MLIA11 when the proportion of time 

in the warm regime was very high. For most other survey periods, the proportion of time in the 

cold regime was equal to, or greater than, the proportion of time in the warm regime, and 

subsequently the cold regime PE estimates were generally less than the warm regime PE 

estimates because of this increase in the source water population size.  

5.1.1.1 Assumptions and Uncertainties 

As presented previously, there are several important assumptions associated with the ETM and 

estimation of PM including the following:  

 The samples from each survey period represent a new and independent cohort of larvae; 
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 The estimates of larval abundance for each survey represent a proportion of total annual 

larval production during that survey; 

 The conditional probability of entrainment, PEi for each regime period, is constant within 

survey periods for the two regimes;  

 The conditional probability of entrainment, PEi, is constant within the size classes of 

larvae present during each survey period;  

 The concentrations of larvae in the sampled source water are representative of the 

concentrations in the extrapolated source water; and 

 Lengths and applied growth rates of larvae accurately estimate larval duration.  

The last assumption is based on the use of growth rates reported or derived from available 

scientific literature. The first assumption associated with this approach is that the point estimates 

for larval growth reported in the literature (often from areas geographically removed from the 

central coast of California) are representative of growth rates for larvae in Monterey Bay. 

Dividing all larval lengths by the same growth rate to obtain estimated ages also assumes that 

growth is constant for the different larval stages and the durations estimated. Variation in growth 

rates, more probable for larger individuals, could lead to some inaccuracy in the estimates of the 

ages of the entrained larvae. 

Examination of length-frequency histograms for the larvae of various taxa treated in this study 

and comparison with reported hatch lengths indicates that there is much wider variation in hatch 

lengths of these fishes than is presently reflected in the literature. This follows from the 

observation that many of the larvae collected and measured during this study were smaller than 

the reported hatch lengths. In many cases, the average lengths of larvae entrained were also less 

than reported hatch lengths. Although this may be partially due to larval shrinkage resulting from 

preservation (Theilacker 1980), the large variation could also represent natural variation that is 

much greater than previously reported (Matarese et al. 1989, Moser 1996). If the actual larval 

ages at entrainment were younger than our estimates, then the source water areas estimated for 

the affected population would be smaller than those estimated using the present methods because 

they would be at risk of entrainment for a shorter time period. If the affected populations are 

actually smaller than the current estimates used in the ETM, then PM may also be underestimated.  

In general, the application of the ETM for this study should result in conservative estimates of PM 

for several reasons including the following:   

 The estimate of the concentration of larvae entrained is based on the 40 m deep tow. 

Because this tow collects larvae from the surface to 40 m deep this invariably includes 

larvae from shallow depth ranges that are unlikely to be entrained by an intake at 30-40 m 

below the surface. The results of the differences in larval abundance between the 40 m 

and 25 m deep tows indicate that the estimates of larval concentration from deeper in the 

water column are likely to be less than those estimated by the 40 m tows and therefore, 

the presented entrainment concentrations are likely an overestimate of the expected 

entrainment concentrations; and  
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 The data from the 40 m deep tows were also used to estimate the concentration of larvae 

in the Monterey Submarine Canyon source water for the cold regime PE calculation. 

Therefore these also likely overestimate the concentrations of larvae in this portion of the 

source water. Based on the results of the community analysis comparing the data from 

the two temperature regimes, an argument could be made for just including the water 

volume without any consideration for larval concentrations. 

5.2 Summary of Results 

There were 7,258 individual fish larvae from 45 separate taxonomic groups collected from the 

40 m deep tows at the intake locations from June 2012 through June 2013 (Table 4-2). Three 

taxa, northern anchovy (Engraulid mordax), white croaker (Genyonemus lineatus) and CIQ goby 

comprised nearly 80% of the total mean concentration of larval fish collected in the samples 

from the 40 m deep tows these stations. The highest concentration of larval fishes was observed 

in December 2012 during survey MLIA09 (Figure 4-1).  

The target invertebrate larvae collected at the intake stations included several taxa of Cancer crab 

megalops and market squid paralarvae (recently hatched) (Table 4-2). There were 

78,759 individual invertebrate larvae collected from six separate taxonomic groups.  

There were 13,313 individual fish larvae from 52 separate taxonomic groups collected at source 

water stations SS and SN from June 2012 through June 2013 (Table 4-3). Similar to the samples 

from the intake stations, northern anchovy was the most abundant taxon, comprising nearly 52% 

of the total mean concentration of larval fishes collected. Larvae from the CIQ goby complex, 

which were the third most abundant taxon collected at the intake stations, were less abundant at 

the two source water stations, with an average concentration of 0.83 per 1,000 m
3
 compared with 

32.43 per 1,000 m
3
 at the intake stations. The much higher concentration at the intake stations is 

likely due to tidal outflow which export goby larvae into the nearshore from Moss Landing 

Harbor and Elkhorn Slough. The intake stations are directly offshore from the Harbor entrance. 

In contrast, rockfish larvae were in higher abundance at the source water stations (42.5 vs. 9.2 

per 1,000 m
3
 for all Sebastes combined), which is likely due to the closer proximity of those 

stations to rocky habitat located at the southern and northern ends of Monterey Bay.  

Overall, the total concentration of larval fishes at the source water stations was greater than at the 

intake stations (Tables 4-1 and 4-3, respectively). The difference can be partially explained by 

the difference in the method used to calculate the larval concentrations. The concentrations for 

the intake stations were calculated using only the data from the 40 m deep tows, while the 

concentrations from the source water stations were based on a weighted average of the 25 m and 

40 m tows. As the analysis of the deep and shallow depth strata showed, there is a statistically 

significant difference between the average concentrations at the two strata (average 

concentrations of 0.271 and 0.895 larvae per 1,000 m
3
, respectively).  

The difference in concentrations between depth strata in the sampling area around the head of 

Monterey Submarine Canyon may be explained, or the effect enhanced, by the incursion of cold 
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water during internal tidal fluctuations. This was shown in the multivariate analysis of the larval 

fish communities using data from the 40 m deep tows at the two intake stations classified based 

on whether they were collected during warm, cold, or transition periods. The MDS analysis 

showed that differences between the samples collected during warm and cold water periods were 

shown to be statistically significant (p=0.001) using the PRIMER ANOSIM analysis (Clarke and 

Gorley 2001). The analysis of the species responsible for the difference between periods 

(SIMPER Results – Table 4-4) showed that the difference was largely due to much reduced 

concentrations and numbers of taxa of fish larvae during the cold water periods. The results 

indicate that during cold periods, water directed up onto the shelf at the head of the Canyon 

displaces fishes normally associated with the area. Even the concentrations of gobies (CIQ 

complex and bay goby) were reduced indicating that the process is strong enough to displace 

water that is also undergoing active transport out from Moss Landing Harbor.  

5.2.1 Entrainment Estimates 

Annual entrainment estimates for the DWD intake were calculated using the average 

concentration of the 40 m deep tows at the intake stations and the proposed daily intake volume 

(either 25 MGD or 63 MGD) (Table 5-1). The initial phase of the project is projected to use a 

daily intake volume of 94,635 m
3
 (25 MGD), while the final build-out of the project could result 

in a maximum daily intake volume of 238,481 m
3
 (63 MGD). The total annual entrainment of 

fish larvae for the initial and final intake volumes, were estimated at 28.6 and 72.0 million, 

respectively. Based on estimates of annual fecundity for the six fishes analyzed, the annual 

entrainment estimates for the smaller daily intake volume represents the annual reproductive 

output of approximately one adult female for sanddabs, and one adult female for the blue and 

KGB complex rockfishes based on data in recent stock assessment for these fishes (sanddabs–He 

et al. 2013, blue rockfish–Key et al. 2007, gopher rockfish–Key et al. 2005). The annual 

entrainment estimates do not take into consideration the relative reduction due to depth 

demonstrated in the analysis. Instead they assume a more conservative (greater) concentration of 

larval fish than the potentially true concentration. Because of this and because the volume 

entrained in a year represents the maximum volume expected, which may be less than the actual 

volume, these entrainment estimates most likely overestimate the number of larvae potentially 

entrained in a year.  
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Table 5-1. Average concentration (number per m
3
), sample counts, and annual entrainment estimates 

for taxonomic categories of larval fishes, cancer crab megalopae larvae, and squid paralarvae. ETM 

estimates of proportional mortality (PM) are provided for the six taxonomic categories of fishes 

analyzed for this report. The annual entrainment estimates and estimates of PM were calculated based 

on daily intake volumes of 94,635 m
3
 (25 MGD gal) and 238,481 m

3
 (63 MGD). PM is also shown in 

the table as the percentage mortality of the source water population. 

Taxon 

Average 
Concentration 

(# per 1,000 m3) 
Sample 
Count 

Entrainment 
Estimate  
25 MGD  
Intake 

ETM Estimate 
of PM for  

25 MGD Intake 

Entrainment 
Estimate  
63 MGD 
Intake 

ETM Estimate 
of PM for  

63 MGD Intake 

northern anchovy 267.8 3,616 15,224,457 
0.000247 
(0.025%)  38,365,623 

0.000623 
(0.062%) 

white croaker 140.9 1,978 7,734,933 
0.000194 
(0.019%)  19,492,026 

0.000488 
(0.049%) 

CIQ goby 
complex larvae  32.4 341 1,085,411 

0.000433 
(0.043%)  2,735,235 

0.001092 
(0.109%) 

sanddabs 9.4 128 478,530 
0.000110 
(0.011%)  1,205,896 

0.000277 
(0.028%) 

blue rockfish 
complex larvae 7.7 106 293,599 

0.000076 
(0.008%)  739,870 

0.000192 
(0.019%) 

KGB rockfish 
complex larvae 1.5 17 42,701 

0.000034 
(0.003%)  107,607 

0.000087 
(0.009%) 

other fish larvae 91.8 1,072 3,724,277  -   9,385,175  -   

Total fish larvae 551.6 7,258 28,583,908 
 

72,031,432 
 Cancer crab 

megalops 321.1 3,384 8,719,982  -   21,974,348  -   

market squid 5.7 67 142,038  -   357,935  -   

5.2.2 ETM Estimates 

The ETM estimates of PM for the six taxonomic categories of fish larvae analyzed were all very 

low, reflecting the low intake volumes projected for the facility relative to the extent of the 

source water (Table 5-1). The largest estimates were calculated for the CIQ goby complex 

larvae. The intake stations were located directly offshore from the entrance to Moss Landing 

Harbor. During outgoing tides, goby larvae spawned inside the Harbor and Elkhorn Slough are 

flushed out of the Harbor entrance. As a result, the concentration of goby larvae was much 

higher in the samples collected from the intake station locations (I2 and I3) when compared to 

the two source water stations (SS and SN) to the north and south (Figure 4-19 and Figure 4-20). 

This resulted in higher proportional entrainment (PEi) estimates for this taxa group with an 

average PE that was approximately 80% higher than a PE based on a volumetric ratio of the 

intake to sampled source water volumes (volumetric PE) (Table 4-14). The average would be 

similar to the volumetric ratio if the larvae were, on average, uniformly distributed across the 

intake and source water sampling areas.  
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The results for goby larvae contrast with the results for the two groups of rockfish larvae that had 

the lowest estimates of PM of the six taxa analyzed. The average PE estimates for these taxa were 

less than the volumetric PE reflecting the higher concentration of these larvae in the samples 

collected at the two source water stations when compared with the concentrations from the 

samples at the intake stations (Table 4-22 and 4-26).  

Overall, three of the taxa had average PE estimates that were greater than the volumetric PE 

(KGB rockfish, blue rockfish, and sanddabs), and three taxa had average PE estimates that were 

lower (CIQ gobies, white croaker, and northern anchovy). Estimates of PE were also calculated 

for all the fish larvae combined (Table 5-2), although these estimates would never be analyzed 

using the ETM due to the mix of species with varying life histories and larval durations. 

However, the results do show that the volumetric PE can provide a reasonable estimate of 

entrainment effects when analyzing taxa groups that are widely abundant. The use of volumetric 

PE would not be applicable to all intakes, especially those sited in locations with very 

heterogeneous habitats. In addition to the results from this study, the volumetric PE has been 

shown to be a good approximation for PE at other locations, particularly where the intake is 

located along a fairly homogeneous stretch of coast, such as the sandy beach areas of southern 

California. In these situations, the volumetric PE could be used as an approximation for 

estimating potential effects on other groups of organisms that were not sampled as part of the 

studies. 
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Table 5-2. Estimates by survey of the total number of larval fishes entrained based on daily intake 

volume of 94,635 m
3
 (25 MGD), estimates of the number of larval fishes in the sampled source water 

by survey, and the resulting estimates of proportional entrainment (PE). Also shown are the average 

of the PEs for each survey and a PE based on the volumetric ratio of the daily intake volume to the 

sampled source water volume. 

 Survey 

Estimated Number of 
Larvae Entrained per 

Day 

Estimated Population of 
Larvae in the Sampled 

Source Water 
Sampled Source  

Water PE 

Survey Date Estimate Std. Error Estimate Std. Error Estimate Std. Error 

MLIA04 06/22/2012 14,168 119 290,868,513 17,055 0.0000487 0.0000230 

MLIA05 07/30/2012 18,908 138 822,628,973 28,682 0.0000230 0.0000042 

MLIA06 08/22/2012 13,862 118 422,737,873 20,561 0.0000328 0.0000163 

MLIA07 09/21/2012 16,957 130 558,464,539 23,632 0.0000304 0.0000132 

MLIA08 10/25/2012 33,493 183 1,722,941,931 41,508 0.0000194 0.0000039 

MLIA09 12/13/2012 493,429 702 29,424,595,436 171,536 0.0000168 0.0000031 

MLIA10 01/21/2013 39,638 199 4,042,363,867 63,580 0.0000098 0.0000012 

MLIA11 02/11/2013 45,984 214 2,325,386,580 48,222 0.0000198 0.0000083 

MLIA12 03/28/2013 5,148 72 475,760,456 21,812 0.0000108 0.0000086 

MLIA13 04/11/2013 7,268 85 441,411,794 21,010 0.0000165 0.0000098 

MLIA14 04/25/2013 2,421 49 373,857,580 19,335 0.0000065 0.0000024 

MLIA15 05/08/2013 11,046 105 624,161,481 24,983 0.0000177 0.0000045 

MLIA16 05/29/2013 20,619 144 903,182,915 30,053 0.0000228 0.0000150 

MLIA17 06/14/2013 7,874 89 470,966,480 21,702 0.0000167 0.0000105 

    Average PE = 0.0000208  

    Volumetric PE = 0.0000203  

 

5.3 Assessment of Results 

The following criteria are applicable to assessing potential environmental impacts on marine 

organisms caused by entrainment by the proposed DWD project intake: 

 magnitude of effects, 

 population distributions, 

 life history strategies (e.g., longevity and fecundity), 

 abundance trends of target species, and 

 environmental trends (climatological or oceanographic). 

These criteria are discussed in the sections that follow. The criteria were considered on a taxon-

specific basis when trying to determine the extent of entrainment effects on local populations. 

This provides a basis for assessing AEI using USEPA guidelines to determine the “relative 

biological value of the source water body zone of influence for selected species and determining 

the potential for damage by the intake structure” (USEPA 1977). USEPA (1977) also stated that 

the biological value of a given area to a particular species be based on “principal spawning 
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(breeding) ground, migratory pathways, nursery or feeding areas, numbers of individuals 

present, and other functions critical during the life history.”  

5.3.1 Magnitude of Effects 

The results of this study have shown that the proposed location of the intake in deep water off 

Moss Landing in Monterey Bay should reduce the magnitude of effects associated with 

entrainment. This study showed that the concentrations of larval fishes were significantly lower 

at the proposed depth of the intake at 30–40 m (98–131 ft). Also, the intake is located near the 

head of the Monterey Submarine Canyon which experiences the advection of cold water up onto 

the nearshore shelf due to internal tides twice per day through much of the year. The analysis 

comparing the larval fish composition during normal “warm” water periods with “cold” water 

periods during these internal tide events showed that the concentrations and numbers of taxa 

were significantly lower during these cold water periods.  

The advection of cold Canyon water with generally lower larval concentrations occurs over 

longer periods of time during the spring and summer months when larval fish are typically in 

highest abundance. This is illustrated in Figure 5-1 which shows the proportion of time the cold 

regime occurs for each month at the head of the Canyon as measured at the thermistor mooring. 

The cold regime is most dominant in the upwelling season, particularly during the peak of the 

upwelling season from May through August. As the oceanic season in the Bay develops in 

September, the cold regime declines in predominance to its lowest occurrence, and remains 

relatively low through the Davidson current season that dominates the oceanographic climate 

through winter months.  
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Figure 5-1. Proportion of time each month the cold regime occurs at the head of the Monterey 

Submarine Canyon. 

The highest concentrations of fish larvae during this study were collected during the December 

survey at both the intake and source water stations, which coincides with the time period that the 

least amount (12%) of low-fish-concentration Canyon water is advected onto the shelf (Figures 

4-1 and 4-3). These high December concentrations were due to the large numbers of larval white 

croaker and northern anchovy, and to a lesser extent sanddabs larvae collected during the survey. 

The high abundances in December are consistent with the reproductive cycles for these three 

fishes. Table 5-3 summarizes the occurrence and peak month(s) of observed in the data collected 

during this study and compares them with data from a similar study conducted near Santa Cruz 

between April 2009 and May 2010 in the northern part of Monterey Bay (Tenera 2010). Also 

provided for comparison is reported occurrence and peak abundance by month from the 

CalCOFI survey program data reported by Moser (1996). These data were collected over several 

decades offshore of the coast in deeper waters throughout the California Current region. The  

spatial extent of the CalCOFI study encompasses a number of bio-geographic zones and 

sampling is generally conducted in deeper water than the Santa Cruz and the present study; 

therefore these data may vary from the nearshore data collected in this study and the Santa Cruz 

study. 
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Table 5-3. Occurrence of larvae and peak months of the most abundant larvae collected in this study 

compared with information reported for Santa Cruz from April 2009 through May 2010 (Tenera 2010) 

and information reported by Moser (1996) from data collected as part of the CalCOFI survey program 

for the California Current region spanning approximately 50 years since 1945 through 1995. 

 Present Study Santa Cruz Study CalCOFI data 

Taxa Occurrence of 
larvae 

Peak 
month(s) 

Occurrence of 
larvae 

Peak 
month(s) 

Occurrence of 
larvae 

Peak 
Month(s) 

northern anchovy 
Rare in a few 
other months 

Dec Year round Nov and Feb Year round 
Jan through 

Jun 

white croaker 
Oct through 

Apr 
Dec 

Nov through 
May 

Apr 
Dec through 

Aug 
Mar 

CIQ gobies1 Year round Jun Year round 
Dec through 

Jan 
Late Jan to Aug 

None 
reported 

sanddabs2 
Aug through 

Apr 
Oct and Dec Jun through Mar Nov and Dec Year round 

Jan through 
Feb 

Aug through 
Oct 

sanddabs3 
Aug through 

Apr 
Oct and Dec Jun through Mar Nov and Dec Year round Oct2 

blue rockfish 
complex 

Dec through 
May 

Jan None reported 
None 

reported 
Nov through Mar Jan to Feb 

KGB rockfish 
complex 

Jan to Jun & 
Aug 

Jan and May 
Feb through 

May 
Feb 

Mar through 
Jun4 

None 
reported 

1Information for Clevelandia ios 
2Citharichthys sordidus – Pacific sanddab 
3Citharichthys stigmaeus – spotted sanddab 
4Information for Sebastes atrovirens (kelp rockfish) 

While the occurrence of blue rockfish larvae in December through May, with peak abundances 

during the January survey, is typical of the reproductive cycle for that species, most other 

rockfishes have a slightly later seasonal occurrence and peak abundance similar to the seasonal 

pattern shown by KGB larvae from January through August with peak abundances in late winter-

spring (March through June). 

The prevalence of cold water movement onto the shelf throughout the year will reduce the 

magnitude of effects for an intake located at the head of the Monterey Submarine Canyon. 

However, for those species that occur through the spring and summer period when the cold 

regime is most predominant, the benefit of reduced entrainment due to this process will be 

greatest. Therefore taxa with year round spawning patterns such as northern anchovy and 

sanddabs will have reduced proportional mortality due to the intake entraining from the advected 

Canyon water body.  

The largest effects due to entrainment were estimated for CIQ goby larvae with ETM estimates 

of PM of 0.00043 (0.04%) for an intake flow of 94,635 m
3
 per day (25 MGD) and 0.00109 

(0.11%) for an intake flow of 238,481 m
3
 per day (63 MGD) (Table 5-1). Although the source 

water for the ETM analysis was extrapolated over an average distance of 34.4 km (21.4 mi.) 

these larvae are most likely transported out of Moss Landing Harbor and Elkhorn Slough into the 

nearshore area, and largely into the area around the intake. The Harbor and Slough are the actual 
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source water for these larvae. It is also extremely unlikely that the intake would result in any 

impacts to CIQ goby populations inside the Harbor and Slough as any larvae transported into the 

nearshore are unavailable to recruit into the adult habitat in these areas.  

The conservative assumptions used in the ETM modeling, particularly not using any adjustment 

for the location of the intake in deep water, should provide assurance that the magnitude of 

effects would not be expected to greatly exceed the estimates from the study. Also, the 

magnitude of effects will be reduced by the use of a screened intake. Although the final design 

for the intake has not been finalized, it is likely that the final design will incorporate a narrow 

slot wedge wire screen with a slot size of 1 or 2 mm (0.04 or 0.08 in.), which will significantly 

reduce the effects of entrainment. 

5.3.2 Distribution and Intake Location 

The ETM approach applied to all target taxa required an estimate of a population that was 

defined by extrapolating larval concentration over an area delimited by estimated larval duration 

combined with current speed and direction during the study period. The expansions of the 

abundances were based on measurements of current speed and direction from the ADCP current 

data and were constrained by larval ages at entrainment. The estimates of proportional mortality 

due to entrainment were highest for CIQ goby larvae, followed by northern anchovy, white 

croaker, and sanddabs (Table 5-1). As discussed above, goby larvae are transported into the area 

of the proposed intake where they are subject to entrainment, but the adult populations are found 

in Moss Landing Harbor and Elkhorn Slough, limiting any effects on this taxon. Northern 

anchovy are widely distributed throughout the West coast of north America and results from the 

CalCOFI program from sampling in the Southern California Bight show that their larvae can be 

collected far offshore (Figure 5-1). Therefore, it is unlikely that the small intake volume would 

have any effect on this fish. White croaker and sanddabs are the only fishes of the six analyzed 

that are directly associated with the soft sandy bottom habitat in the vicinity of the intake. While 

not as widely distributed offshore as northern anchovy, both of these fishes are widely 

distributed along the coast of California and would not be expected to be affected by the small 

incremental increase in mortality due to entrainment.  

The estimated effects of entrainment were less for blue and KGB rockfish larvae (Table 5-1). 

Although there are likely to be adult blue and KGB rockfishes in Moss Landing Harbor and 

along the breakwaters that form the entrance to the Harbor, the primary habitat for these fishes is 

the rocky reef and kelp bed habitat at the northern and southern edges of Monterey Bay (Figure 

2-10). The PEi estimates were extrapolated along an average distance of shoreline of 8.5 km (5.3 

mi.) (see Section 4.6.6.4) for KGB complex larvae, and an average distance of 16.5 km 

(10.3 mi.) (Section 4.6.5.4) for blue complex larvae. These distances indicate that some of the 

larvae collected may have come from Moss Landing Harbor as the average distances, especially 

for the KGB complex, do not extend into the rocky habitat at the edges of the Bay. Regardless of 

the uncertainty associated with the extrapolated source water, the estimates of PE for even the 
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sampled source water (Tables 24 and 28) were very low, indicating that any larvae being 

transported through the area would experience a very low level of incremental daily mortality.  

 

Figure 5-1. Distribution and abundance of northern anchovy (Engraulis mordax) larvae at permanent 

stations sampled in the CalCOFI study in the SCB from 1951 through 1998 (from Moser et al. 2001). 

5.3.3 Life History Considerations 

Differing life history strategies among the various taxa should be considered when assessing the 

magnitude of entrainment effects. For example, for pelagic species that release planktonic eggs, 

such as white croaker and northern anchovy, the estimates of exposure to risk of entrainment 

were increased to account for the planktonic egg phase. This is in contrast to nearshore species 

with demersal egg masses such as gobies or rockfishes whose eggs are not susceptible to 

entrainment. As the eggs from these taxa develop and hatch, larvae are released directly into 

open water.  

Based on the length frequency information collected during the study, average lengths of most 

larvae were skewed toward the small end of their developmental range, demonstrating that they 

were recently hatched and would therefore be exposed to entrainment for only a brief period 

during their larval development. Very few flexion or post-flexion larvae were entrained. Flexion 

and post-flexion stages have more highly-developed swimming abilities than younger individuals 

and could be avoiding the nets and therefore potential entrainment. The lack of these later 

developmental stages in the samples may also indicate that these taxa demonstrate larval 
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behavior that removes them from risk of entrainment as they develop (e.g., settlement to benthic 

habitats or migration into deeper areas). 

A complicating factor in projecting equivalent adults from larval mortality estimates is the 

uncertain but often large mortality rate associated with predation on newly-settled individuals. 

Field experiments have shown that there is strong density-dependent mortality in juvenile gobies 

caused by predation, and to some extent through competition (Steele 1997, Steele and Forester 

2002), implying that adult populations may often be regulated by post-settlement processes 

rather than the input of settlers. Cohorts of blue rockfish have been shown to be affected by 

density-dependent post-settlement predation (Adams and Howard 1996), but increased habitat 

complexity may be associated with a reduction in both density-independent and density-

dependent mortality (Johnson 2007). It was found that low levels of habitat complexity had 

relatively little influence on population size but as habitat complexity increased, recruitment 

intensity became a more important determinant of adult population size. Therefore, local 

conditions can play an important role in the link between larval supply and cohort strength. 

Although the present study focused on species potentially affected by entrainment, it is important 

to note that several of the most common fish species in the vicinity of the proposed DWD intake 

have life stages that are not susceptible to entrainment. For example live-bearers, such as 

surfperches, and elasmobranchs (sharks and rays), produce young that are fully developed and 

too large to be affected by entrainment. These species can comprise a significant fraction of the 

numbers and especially the biomass, in the case of sharks and rays, of species in nearshore 

habitats (Allen and Pondella 2006). 

5.3.4 Abundance Trends 

The most abundant species of fish larvae collected at the intake stations was northern anchovy, 

which also had the second highest PM after CIQ gobies. The PM for northern anchovy was 

0.000247, or 0.025% of the larval source water population. To contextualize this figure, the best 

metric for changes in population abundance comes from comparisons to commercial fishery 

statistics. There are no fishery-independent, long-term sampling data available from Monterey 

Bay, such as the CalCOFI program conducted for larval fishes in the Southern California Bight, 

and there is no information on recreational fishery catches. The northern anchovy stock has been 

historically managed as three sub-populations, of which the central sub-population overlaps the 

Monterey Bay area. The stock is thought to be stable, and the size of the anchovy resource is 

largely dependent on natural influences such as ocean temperature and upwelling strength. 

Natural mortality rates are estimated at between 45 and 55%. From 2004 through 2013, for years 

when anchovy were commercially landed (7 years) in the Monterey Bay area, annual landings 

have varied from a high of nearly 12,214 MT (13,464 ton) in 2008 to a low of 998 MT 

(1,078 ton) in 2009 (see Table 4-6), with an average of 4,082 MT (4,500 ton) annually. The 
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landings for the entire west coast reported by the Pacific Fisher Marine Council (2011)
3
 for the 

same years (2008 and 2009) were more than 14,515 MT (16,000 ton) and nearly 3,629 MT 

(4,000 ton), respectively. The average proportion of the west coast northern anchovy landed in 

the Monterey Bay area is approximately 60%. No stock assessments are conducted currently for 

northern anchovy. As the fishing pressure is thought to be low, however historical estimates have 

placed the central subpopulation stock size at 325,679 MT (359,000 ton) to 1.54 million MT 

(1.7 million ton).  

The next most abundant species of fish larvae collected at the intake stations after northern 

anchovy was white croaker. Abundance trends of adult populations of this species have not been 

recently assessed in Monterey Bay, although some information is available from catch statistics 

of the commercial and recreational fisheries. The commercial fishery for white croaker is 

sporadic in Monterey Bay, with 65,794 lb (29,844 kg) reported to have been landed 

commercially in Monterey Bay in 2009 and 27,364 lb (12,412 kg) in 2004, but no landings 

reported during the other years between 2004 and 2013 (PacFIN 2013). Recreational catches of 

white croaker in central California are taken from piers, breakwaters, private boats, and 

commercial passenger fishing vessels (Love 1996). Annual recreational landings in central 

California, including Santa Cruz and Monterey counties, have averaged 36,891 fish per year 

since 2004 (RecFIN 2013). Fishing effort is not constant among years, but these numbers 

indicate that the population probably varies substantially over time depending on factors such as 

recruitment success and natural mortality. 

For all species with some fishery importance, the magnitude of the recreational or commercial 

catches in the source water greatly exceeds the potential for adverse effects caused by the 

proposed desalination intake. This is because the proportional mortality due to fisheries, that is 

the proportional take from the population due to fisheries, or natural mortality rates, are far 

greater than the proportional mortality (PM) presented here.  

It should be noted that the total fish per year taken by the recreational and commercial fisheries 

combined is not directly comparable to the total larvae entrained, as fishery statistics refer to the 

number, or weight, of adult fish. Larval fish are subject to large mortality rates prior to 

recruitment, therefore their value to the population, either as total number of individuals or by 

weight, is less. This is why the ETM expresses mortality in terms of the proportion of the source 

population of larvae, rather than the absolute number of larvae entrained, as these comparisons 

are valid. The mortality calculated in this study would be in addition to natural and 

anthropogenic mortalities already subject to a population as a whole. These mortalities from the 

entrainment are so small as to be insignificant additions to the other forms of mortality. This is 

also true for species with no fisheries, such as gobies, as their populations fluctuate annually to a 

much larger degree than the proportional mortalities calculated in this study. These fluctuations 

depend on larval development and recruitment success that are frequently linked to local 

                                                      
3
 http://www.pcouncil.org/wp-content/uploads/2011_CPS_SAFE_tables_Appendix_A_FINAL.pdf: Table 

9-1. 

http://www.pcouncil.org/wp-content/uploads/2011_CPS_SAFE_tables_Appendix_A_FINAL.pdf
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oceanographic conditions, as well as many other factors. The incremental mortality incurred 

from the entrainment mortality estimates calculated in this study would be insignificant 

compared to these natural population changes.  

5.3.5 Environmental Variation 

Changes in the distribution and dispersal patterns of pelagic larvae are influenced by changes in 

ocean climate regime and can be expected to occur during either anomalously warm 

oceanographic events such as El Niño (Bailey and Incze 1985, Brodeur et al. 1985) or during 

periods of strong upwelling (Parrish et al. 1981).  

Variation in upwelling intensity from year to year is one factor affecting spawning and 

recruitment success in fish populations, along with variation in spawning stock size, distribution, 

and mortality rates. Upwelling is correlated with cooler coastal water temperatures, higher 

nutrient concentrations (nitrates, phosphates, and silicates) in surface waters, increased primary 

production, and stronger offshore transport, while the opposite conditions prevail during periods 

of weak or no upwelling. In Monterey Bay, an upwelling shadow inshore of the upwelling zone 

establishes in the Bay during the upwelling season. This has implications for the retention of 

larvae within the Bay. The monthly upwelling index anomaly (developed by the Pacific Fisheries 

Environmental Laboratory) off Monterey indicates the strength of the upwelling process outside 

of the Bay and can be an indicator of the general oceanographic conditions that were present in 

Monterey Bay during the study period in comparison to long-term average conditions. Figure 5-

1 shows the mean upwelling index each month during the survey period overlaid on the average 

monthly mean upwelling index from 2000 through 2013. The 2012–2013 monthly averages were 

higher in general than the average index, indicating that the upwelling strength was generally 

larger than an average year. However only one month, February, had an upwelling index greater 

than two standard deviations of the mean since 2000. February is not a month with a strong 

upwelling condition relative to other months so this is unlikely to be a significant factor in and of 

itself.  
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Figure 5.3-1. Mean monthly upwelling index averaged from 2000 through 2013 (blue) (grey 

border indicates ± 2 standard deviations) offshore of Monterey Bay (36N-121W) from 2000 

through 2013. The solid black and dashed black lines are the average monthly upwelling index 

for the months that coincided with the study period in 2012 and 2013, respectively. Source: 

Pacific Fisheries Environmental Laboratory (http://www.pfeg.noaa.gov). 

 

5.4 Summary and Conclusions 

The overarching objective of this study was to assess the potential for adverse effects from 

entrainment to larval fish and target invertebrate larvae from an intake pipe located in 30-40 m 

(98-131 ft) of water adjacent to Moss Landing in Monterey Bay, California. The proximity of the 

Monterey Submarine Canyon to this site provides the project proponent DeepWater Desal LLC 

(DWD) the opportunity to access deep depths close to the shore. The potential benefits to the 

project are both operational efficiency, due to cold, clear water relative to shallower depths, and 

the potential for reduced entrainment of larvae.  

Therefore the two objectives of this study were to assess: 

1. the potential for impacts to fish and invertebrate marine life due to larval entrainment 

through the CCRWP’s feedwater intake pipe, and  

2. the potential benefits of a deep water intake design in relation to the entrainment of 

marine fish and invertebrate larvae.  

During the course of the study, 12 months of data were collected on both the oceanography and 

larval fish and selected invertebrate biology at the proposed location of the feedwater intake. The 
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data were analyzed using the Empirical Transport Model, the standard approach for assessing the 

effect of entrainment on fish and target invertebrate populations in California.  

With regards to the first objective, to assess the potential for impact to marine life due to larval 

entrainment from the intake, the findings of the ETM assessment indicate that the highest 

estimated proportional mortality (63 MGD intake) would be 0.1% of the source water 

population, defined as the estimated population from which larvae could be entrained. This value 

was for CIQ goby, a complex of species of fishes from the Gobiidae family. These species are 

benthic as adults and are most commonly found in shallow tidal channels in the upper reaches of 

lagoons, estuaries and sloughs. Their abundance at the intake is most likely due to the larvae 

being washed out of the Elkhorn Slough by tidal exchange and freshwater flow into the Bay. 

Therefore the larval fish entrained in the intake from this group would be less likely to recruit to 

the adult population as they have been advected away from the adult habitat. Northern anchovy 

and white croaker were both abundant in the samples and this was reflected in the proportional 

entrainment for these taxa also, however their respective estimated proportional mortality rates 

(63 MGD intake) were 0.06% and 0.05% respectively, marginal values relative to natural 

mortality rates and fisheries related pressure. Both KGB and blue rockfish complex showed low 

proportional mortality relative to the other taxa analyzed. This was largely attributed to the lower 

overall abundance, and the particularly low abundance at the intake location relative to the rest of 

the source water population. The nature of the seabed and habitats close to the head of the 

Monterey Submarine Canyon is unlikely to be suitable habitat for these taxa, particularly the 

KGB complex that is predominantly made up of kelp associated species. The significant kelp 

habitats are to the northwest and southwest extents of the Bay and it is suspected that larval 

populations found at the intake were from minor rocky habitat close to the Elkhorn Slough and 

Moss Landing Harbor.  

With regard to the second objective, to assess the potential benefits of locating the intake in deep 

water, the relative abundance of larvae was compared between two depths. The shallower tows, 

which collected larvae between the surface and approximately 25 m, were shown to have more 

larval fish per m
3
 than the estimated concentration of larval fish between 25 m and 40 m tows. 

This result was statistically significant. This provides strong evidence for the relative benefit of a 

deeper intake at these depth scales.  

Furthermore, the relatively unique oceanographic environment at the head of the Canyon 

provides an additional reduction in the potential entrainment of larvae. Approximately twice per 

day cold, deep water from within the Canyon is advected into shallow depths by an internal tide 

which is pronounced at the head of the Canyon. Results of this study demonstrate that the larval 

abundance and the species diversity of larval assemblages in this Canyon water is significantly 

less than that of the surface waters typical of the shelf environment in the Bay. While the relative 

abundance and diversity was less, the assemblage was essentially the same as the shelf, 

indicating that this water body is essentially diluting the larval source water population, rather 

than contributing additional taxa from the Canyon.  
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It is important to consider the conservative nature of the assumptions used in the modeling. Most 

importantly, the concentrations at the intake were not adjusted for the statistically significant 

reduction in larval concentrations at the proposed depth of the intake. Another important 

consideration is the location of the intake at the head of the Monterey Submarine Canyon which 

exposes it to regular influxes of cold water that was shown to have reduced abundances and 

number of species of larvae fishes when compared with warm water periods characteristic of 

normal nearshore conditions. These influxes of cold water are also most prevalent during the 

spring and summer when some larval fish abundances tend to be highest but do occur to some 

degree throughout the year at the head of the Monterey Submarine Canyon. Finally, the effects 

of entrainment will be reduced through the use of a final intake design that will include a narrow 

slot wedge wire screen with a slot size of 1 or 2 mm (0.04 or 0.08 in.).  
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A.1 Introduction 

The following appendix describes the collection and analysis of physical oceanographic data 

collected at the head of the Monterey Submarine Canyon during the course of the project. The 

results of the analysis are reflected in the method used to calculate the Emprical Transport Model 

outputs. Specifically, the incorporation of oceanographic processes that feature prominently at 

the canyon head.  

A.2 Data collection 

Temperature data at five depths fixed relative to the seabed were collected at the head of the 

Monterey Submarine Canyon (the Canyon) (Figure-A1). The temperature data recorders were 

Onset Corp. HOBO
®
 Water Temp Pro v2 units with an accuracy of ±0.2°C (0.1°F). The units 

were calibrated prior to deployment and set to record at 10-minute intervals. Five temperature 

data recorders were equally spaced at five depths (approximately 20, 23, 26, 29 and 32 m [64, 

74, 84, 94 and 104 ft] below mean sea level). The instruments were deployed on March 9th, 

2012 and collected a near continuous data series through to July 2nd, 2013.  

A 600 kHz Nortek Aquadopp
®

 acoustic Doppler current profiler (ADCP) was deployed in an 

upward-looking orientation approximately 0.6 m (2ft) off the seabed on the northern rim of the 

Canyon head. The ADCP operated from October 13, 2012 to June 13, 2013. The ADCP 

collected velocity measurements in the east, north, and up directions every 30 minutes in 33 1-m 

(3.3-ft) vertical profile cells. The first profile cell center was 1.5 m (4.9 ft) above the instrument's 

head. Each measurement represented the 5-minute average for each 1-m (3.3-ft) cell. The 

average pressure recorded by the instrument over the deployment duration was 30.13 decibars 

(dbar), which equates to an average depth of approximately 30.7 m (101 ft). The number of cells 

with usable data for each 30-minute measurement was constrained by the water surface and a 25° 

from vertical ADCP beam angle. The beam angles allowed at most 90% of the water column to 

be measured, but in practice an additional 2.0 m (6.6 ft) of depth from the surface was removed 

from the dataset to avoid wave interference. 



Appendix A. Physical Oceanography 

   

ESLO2013-045  

DeepWater Desal  Appendix A A-2 

 

 

Figure-A1. Location of the temperature mooring (▲) and the ADCP (♦) at the canyon head 

(latitude [lat] and longitude [lon]). The contour lines represent 5m depth contours at the canyon 

head. 

A.3 Analysis of Data 

The temperature mooring indicated a regular oscillation in temperature cycling approximately 

twice per day at the head of the Submarine Canyon through much of the year. The largest daily 

range in temperature (absolute difference in the daily minimum and daily maximum temperature 

recorded) was 7.53°C and occurred on July 3
rd

, 2013 (Figure-A2a). The smallest daily range in 

temperature was 0.7°C and occurred on January 18
th

, 2013 (Figure-A2b).  
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Figure-A2. Temperature by depth over a three day period in (a) July 2012 and (b) January 2013. 

No data were collected at 25.6 m in (a) and 31.6 m in (b) 

A distinctive seasonal pattern is apparent in the mean daily temperature range data by month 

(Figure-A3). Monthly mean daily temperature range is greatest during the summer, declining 

through autumn to a low in winter and increasing in spring. Between March 9
th

, 2012 and 

July 2
nd

, 2013 the largest monthly mean daily temperature range occurred during July in 2012 

and 2013 and the smallest occurred in January 2013.  
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Figure-A3. Mean difference in daily temperature range per month from 9
th
 March, 2012 through 

2
nd

 July 2013 measured by five temperature recorders located at depths between approximately 

20, 23, 26, 29 and 32 m at the head of the Monterey Submarine Canyon.  

In order to systematically identify the periods of cold or warm water regime in a standard manner 

one week, centered, rolling minimum and maximum temperatures were derived from the 

temperature data. Figure-A4 shows the rolling maximum and minimum temperature (black 

boundaries of the ribbon) for the entire temperature data series from March 2012 through July 

2013. The midpoint between these temperatures is shown as a white dashed line in Figure-A4 

and the mean temperature is shown by a solid white line.  
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Figure-A4. Plot of the rolling one week average temperature (Celsius) for all data collected at 

the temperature string at the Monterey Canyon head adjacent to Moss Landing (solid white 

line). The black scatter plot points represent average temperature from five temperature loggers 

at 20, 23, 26, 29 and 32 m below mean sea level recording every 10 minutes. These have been 

plotted with a partial transparency to show the density of temperature records (hence darker = 

more frequent temperature records). The maximum and minimum temperature (rolling week) 

are shown by the black lines. The white dashed line indicates the midpoint of this range. 

A seasonal component to the data is clear in Figure-A4, with a greater range through summer 

months and a reduction in this range from late fall through winter. The mean temperature is 

greater than the mid-temperature during the fall and winter season, indicating a general 

dominance of the warm regime occurring at this time of year. The cold regime appears to 

dominate from spring through summer. The raw data are plotted as semi-transparent black points 

in Figure-A4. Because of the transparency, darker points indicate overlapping temperature 

records. Warmer temperatures are dominant when the darker points are mostly above the rolling 

mid-temperature (dashed white line). This is evident from November through January. The 

darker points dominate below the mid-temperature from late April through August indicating 

generally cooler temperatures at the canyon head. 

The midpoint in the temperature range represented by the dashed line in Figure-A4 can be 

linearly interpolated to depth from the straight line regression of temperature measured at five 

depths at the canyon head. This interpolated depth is chosen to represent the depth in the middle 

of the pycnocline between the warm and cold water bodies. This is presented schematically in 
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Figure-A5. Any depth can then be assigned to either a warm or cold regime based on its position 

above or below this depth, which changes over time.  

 

Figure-A5. Schematic depiction of a snapshot in time of the canyon and shelf water body. The 

dashed white line represents the mid depth between the shelf (13°C) and canyon (8°C) water 

bodies as determined from a one week rolling absolute minimum and maximum temperature. 

A schematic depiction of the temperature mooring is shown for context. 

Figure-A6 shows the temperature data from the 20, 23, 26, and 29 m deep thermistors at the 

canyon head for a period of one and a half days in January, 2013. Distinct warm and cold 

regimes are evident twice per day, with a gradient of temperature occurring during transitions. 

The transition from cold to warm is sharper than the transition from warm to cold in this period. 

Overlaid as a black solid line in Figure-A6 is the mid-temperature depth, interpolated as 

described above. 
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Figure-A6. Temperature measured for one and a half days at approximately 20, 23, 26, and 

29 m at the head of the Monterey Submarine Canyon from midnight on January 29
th
 2013 

through midday January 30
th
 2013 and (no data was available for the sensor at 32 m). The 

colored tiles are centered on the depth and time. The solid black line is the depth interpolated 

mid-temperature indicating the warm or cold regime. 

The north and east components of the ADCP data collected for the period corresponding to 

Figure-A6 is shown in Figure-A7. The predominant currents are north and west, Intermittent 

current reversals are seen in the east component (top panel), with currents moving onshore (dark 

blue and cyan) three times over this period. In the north component (bottom panel), shallow 

currents generally move in the opposite direction to deep currents, with reversals in direction at 

both depths occurring at the same interval as the east component reversals. These reversals are 

coincident with the temperature transitions from cold to warm seen in Figure-A6.  
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Figure-A7. North and east current direction and strength measured by the ADCP on the rim of 

the Monterey Submarine Canyon. Positive values (turquoise, blue and cyan) are to the east 

(onshore) in the top panel and to the north (upcoast) in the bottom panel. 

By plotting the cumulative distance over time derived from the velocity measured by the ADCP 

bins it is possible to view the progressive displacement of water over time in terms of distance. 

This is known as a progressive vector diagram (PVD) and is a Eularian record of flow. The PVD 

is shown in Figure-A8 for the average vectors throughout the water column measured by the 

ADCP and for the first three bins above the ADCP (30.1, 28.6 and 27.1 m deep). The periods of 

cold water regime at the canyon head are shown in black. Both PVDs demonstrate a 

predominantly north-westerly direction of flow at the ADCP location over time, particularly 

during the cold regime periods. During the warm water periods the average direction of flow 

turns to the east, however the deep water currents turn immediately south and are considerably 

stronger. This is in the direction of the Submarine Canyon, indicating the retreat of cold water 

and arrival of a warm water bore during this time. 
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Figure-A8. Progressive vector diagram of the cumulative distance derived from the average 

velocity over time measured by the ADCP. The dashed grey line shows the average vectors for 

the entire water column. The solid grey line shows the average vectors for the three bins 

immediately above the ADCP (30.1, 28.6 and 27.1 m deep). The solid black lines show the 

periods during the cold regime. 

The cumulative distance during the cold regime in the three bins immediately above the ADCP 

are combined with twice the cross sectional area from the shore to the ADCP to provide the 

volume of water (   
) advected from the Submarine Canyon that contributes the additional larvae 

(   
) in the cold regime PEi calculation (see original report for details). This allows for the 

additional advection of cold water onto the shelf and consideration of the subsequent addition to 

the source water population from these periods of cold water advection from the canyon. 
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B1. Intake Station I2 Counts and Mean Concentrations 
 

Table B1-1. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA04 

Date: June 21, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

CIQ goby complex gobies 72 58 138.26 14 37.67 

Lepidogobius lepidus bay goby 24 11 26.32 13 35.35 

Osmeridae smelts 20 9 20.02 11 29.37 

Larvae, yolksac yolksac larvae 3 2 4.91 1 2.58 

Artedius spp. sculpins 2 - - 2 5.44 

Bathymasteridae ronquils 2 - - 2 5.44 

Gillichthys mirabilis longjaw mudsucker 2 2 4.91 - - 

Sardinops sagax Pacific sardine 2 2 4.91 - - 

Larval fish - damaged damaged larval fishes 1 1 2.46 - - 

Leptocottus armatus Pacific staghorn sculpin 1 - - 1 2.72 

Neoclinus spp. fringeheads 1 1 2.46 - - 

Sebastes spp. V rockfishes 1 1 1.76 - - 

Stenobrachius leucopsarus northern lampfish 1 1 2.46 - - 

Total Entrainable Larval Fishes:  132 88  44  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 2 1 2.46 1 2.72 

Total Larval Fish Fragment: 2 1  1  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 6 4 7.06 2 5.17 

Total Targeted Invertebrates: 6 4  2  
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Table B1-2. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA05 

Date: July 26, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Larvae, yolksac yolksac larvae 78 17 26.72 61 113.66 

CIQ goby complex gobies 51 30 48.60 21 37.20 

Lepidogobius lepidus bay goby 29 24 41.33 5 8.93 

Engraulis mordax northern anchovy 17 16 27.55 1 1.92 

Neoclinus spp. fringeheads 17 12 20.66 5 9.61 

Osmeridae smelts 17 8 13.78 9 17.31 

Citharichthys stigmaeus speckled sanddab 15 8 13.78 7 13.46 

Citharichthys spp. sanddabs 14 - - 14 25.56 

Larval fish - damaged damaged larval fishes 13 12 20.66 1 1.92 

Cyclopteridae snailfishes 5 4 6.89 1 1.92 

Artedius spp. sculpins 4 4 6.89 - - 

Citharichthys sordidus Pacific sanddab 4 - - 4 7.69 

Syngnathidae pipefishes 4 4 6.89 - - 

Cottidae sculpins 3 - - 3 5.31 

Nannobrachium regalis pinpoint lanternfish 3 - - 3 5.77 

Chromis punctipinnis blacksmith 1 - - 1 1.92 

Oxyjulis californica senorita 1 - - 1 1.92 

Sebastes spp. V rockfishes 1 1 1.21 - - 

Tarletonbeania crenularis blue lanternfish 1 1 1.21 - - 

Total Entrainable Larval Fishes:  278 141  137  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 16 5 8.10 11 20.01 

Total Larval Fish Fragment: 16 5  11  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 443 264 407.63 179 337.61 

Cancridae damaged (megalops) damaged cancer crab meg. 18 10 16.20 8 15.38 

Doryteuthis opalescens market squid 9 9 14.99 - - 

Metacarcinus anthonyi (megalops) yellow crab megalops 6 3 3.63 3 5.31 

Total Targeted Invertebrates: 476 286  190  
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Table B1-3. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA06 

Date: August 21, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

CIQ goby complex gobies 30 22 41.52 8 26.94 

Engraulis mordax northern anchovy 30 22 41.52 8 26.84 

Larvae, yolksac yolksac larvae 15 12 23.07 3 10.08 

Lepidogobius lepidus bay goby 12 12 19.94 - - 

Citharichthys sordidus Pacific sanddab 8 6 11.54 2 6.71 

Citharichthys stigmaeus speckled sanddab 7 6 11.54 1 3.35 

Neoclinus spp. fringeheads 7 6 10.75 1 3.35 

Lepidopsetta bilineata rock sole 4 4 6.13 - - 

Genyonemus lineatus white croaker 3 2 3.85 1 3.37 

Larval fish - damaged damaged larval fishes 3 2 3.06 1 3.35 

Paralichthys californicus California halibut 2 2 3.85 - - 

Pleuronichthys spp. turbots 2 2 3.06 - - 

Sardinops sagax Pacific sardine 2 2 3.06 - - 

Chromis punctipinnis blacksmith 1 - - 1 3.35 

Citharichthys spp. sanddabs 1 - - 1 3.37 

Total Entrainable Larval Fishes:  127 100  27  

Non-Entrainable Larval Fishes       

Peprilus simillimus Pacific butterfish 2 2 3.85 - - 

Total Non-Entrainable Larval Fishes: 2 2  0  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 23 20 38.46 3 10.08 

Total Larval Fish Fragment: 23 20  3  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 32 20 34.54 12 40.28 

Cancridae damaged (megalops) damaged cancer crab meg. 2 2 3.85 - - 

Doryteuthis opalescens market squid 1 - - 1 3.35 

Total Targeted Invertebrates: 35 22  13  
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Table B1-4. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA07 

Date: September 21, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Genyonemus lineatus white croaker 45 32 63.30 13 38.59 

Larval fish - damaged damaged larval fishes 5 - - 5 14.69 

Engraulis mordax northern anchovy 4 - - 4 11.62 

Larvae, yolksac yolksac larvae 4 4 7.46 - - 

CIQ goby complex gobies 2 - - 2 6.14 

Lepidogobius lepidus bay goby 1 - - 1 3.07 

Total Entrainable Larval Fishes:  61 36  25  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 4 - - 4 11.62 

Total Larval Fish Fragment: 4 0  4  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 290 160 310.75 130 383.94 

Cancridae damaged (megalops) damaged cancer crab meg. 17 8 14.91 9 26.31 

Metacarcinus anthonyi (megalops) yellow crab megalops 12 12 22.89 - - 

Total Targeted Invertebrates: 319 180  139  
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Table B1-5. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA08 

Date: October 25, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Genyonemus lineatus white croaker 330 168 280.92 162 448.44 

Lepidogobius lepidus bay goby 82 54 85.40 28 77.51 

Engraulis mordax northern anchovy 24 4 6.57 20 55.37 

CIQ goby complex gobies 16 12 21.88 4 11.07 

Citharichthys sordidus Pacific sanddab 10 2 2.92 8 22.14 

Leptocottus armatus Pacific staghorn sculpin 8 8 13.86 - - 

Larvae, yolksac yolksac larvae 6 - - 6 16.61 

Larval fish - damaged damaged larval fishes 4 4 5.84 - - 

Citharichthys stigmaeus speckled sanddab 2 - - 2 5.54 

Liparis spp. snailfishes 2 - - 2 5.54 

Stenobrachius leucopsarus northern lampfish 2 - - 2 5.54 

Xystreurys liolepis fantail sole 2 2 3.65 - - 

Total Entrainable Larval Fishes:  488 254  234  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 12 8 13.14 4 11.07 

Total Larval Fish Fragment: 12 8  4  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 66 52 85.38 14 38.71 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 2 2 2.92 - - 

Doryteuthis opalescens market squid 2 2 2.92 - - 

Total Targeted Invertebrates: 70 56  14  
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Table B1-6. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA09 

Date: December 13, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Engraulis mordax northern anchovy 4,198 2,116 4,189.75 2,082 7,904.41 

Genyonemus lineatus white croaker 1,402 764 1,483.85 638 2,433.78 

Paralichthys californicus California halibut 58 28 52.28 30 112.69 

Citharichthys sordidus Pacific sanddab 56 28 54.32 28 106.05 

Larvae, yolksac yolksac larvae 26 16 32.49 10 38.66 

Lepidogobius lepidus bay goby 20 8 15.23 12 46.39 

CIQ goby complex gobies 18 8 15.23 10 37.56 

Citharichthys stigmaeus speckled sanddab 18 12 23.86 6 22.92 

Stenobrachius leucopsarus northern lampfish 16 12 23.86 4 15.46 

Atherinopsis californiensis jacksmelt 8 4 8.63 4 15.19 

Pleuronichthys verticalis hornyhead turbot 6 4 8.63 2 7.73 

Symphurus atricaudus California tonguefish 6 4 6.60 2 7.73 

Lepidopsetta bilineata rock sole 2 - - 2 7.46 

Peprilus simillimus Pacific butterfish 2 - - 2 7.46 

Total Entrainable Larval Fishes:  5,836 3,004  2,832  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 444 268 523.39 176 668.34 

Total Larval Fish Fragment: 444 268  176  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 54 16 32.49 38 143.35 

Doryteuthis opalescens market squid 6 4 6.60 2 7.73 

Metacarcinus anthonyi 

(megalops) yellow crab megalops 4 - - 4 14.92 

Cancridae damaged (megalops) damaged cancer crab meg. 2 - - 2 7.46 

Total Targeted Invertebrates: 66 20  46  
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Table B1-7. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA10 

Date: January 17, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Genyonemus lineatus white croaker 180 92 221.30 88 349.71 

Stenobrachius leucopsarus northern lampfish 56 32 81.28 24 70.77 

Sebastes spp. V rockfishes 48 24 60.96 24 70.77 

Engraulis mordax northern anchovy 22 10 25.40 12 35.39 

Lepidogobius lepidus bay goby 18 10 23.54 8 30.53 

Larvae, yolksac yolksac larvae 8 4 10.16 4 11.80 

Bathymasteridae ronquils 6 2 4.46 4 18.73 

Lepidopsetta bilineata rock sole 4 - - 4 18.73 

Scorpaenichthys marmoratus cabezon 4 - - 4 11.80 

Chitonotus/Icelinus spp. sculpins 2 2 4.46 - - 

CIQ goby complex gobies 2 2 5.08 - - 

Merluccius productus Pacific hake 2 2 5.08 - - 

Odontopyxis trispinosa pygmy poacher 2 2 4.46 - - 

Rhinogobiops nicholsi blackeye goby 2 2 5.08 - - 

Sebastes spp. V_ rockfishes 2 2 5.08 - - 

Total Entrainable Larval Fishes:  358 186  172  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 4 4 10.16 - - 

Total Larval Fish Fragment: 4 4  0  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 42 30 76.20 12 42.33 

Metacarcinus anthonyi 

(megalops) yellow crab megalops 6 2 5.08 4 11.80 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 4 - - 4 11.80 

Doryteuthis opalescens market squid 4 - - 4 18.73 

Cancridae damaged (megalops) damaged cancer crab meg. 2 2 4.46 - - 

Total Targeted Invertebrates: 58 34  24  
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Table B1-8. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA11 

Date: February 11, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Parophrys vetulus English sole 46 2 8.93 44 126.48 

Genyonemus lineatus white croaker 39 19 81.21 20 73.05 

CIQ goby complex gobies 23 1 4.46 22 66.66 

Larvae, yolksac yolksac larvae 23 9 40.16 14 44.29 

Stenobrachius leucopsarus northern lampfish 21 7 31.24 14 51.13 

Ammodytes hexapterus Pacific sand lance 12 4 17.85 8 22.37 

Engraulis mordax northern anchovy 8 - - 8 22.37 

Lepidopsetta bilineata rock sole 8 8 35.70 - - 

Pleuronectidae righteye flounders 8 - - 8 29.22 

Sebastes spp. V_ rockfishes 8 - - 8 22.37 

Symphurus atricaudus California tonguefish 8 8 32.12 - - 

Synodus lucioceps California lizardfish 8 - - 8 22.37 

Larval fish - damaged damaged larval fishes 5 3 13.39 2 7.30 

Leptocottus armatus Pacific staghorn sculpin 3 1 4.46 2 7.30 

Hemilepidotus spinosus brown Irish lord 2 - - 2 7.30 

Atherinopsis californiensis jacksmelt 1 1 4.46 - - 

Total Entrainable Larval Fishes:  223 63  160  

Non-Entrainable Larval Fishes       

Syngnathidae pipefishes 8 - - 8 22.37 

Total Non-Entrainable Larval Fishes: 8 0  8  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 16 2 8.93 14 44.29 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 2 2 8.93 - - 

Total Targeted Invertebrates: 18 4  14  
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Table B1-9. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA12 

Date: March 28, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

CIQ goby complex gobies 100 - - 100 282.37 

Bathymasteridae ronquils 24 - - 24 69.02 

Stenobrachius leucopsarus northern lampfish 16 - - 16 46.01 

Lepidogobius lepidus bay goby 8 - - 8 23.01 

Psettichthys melanostictus sand sole 8 - - 8 23.01 

Parophrys vetulus English sole 2 2 6.78 - - 

Total Entrainable Larval Fishes:  158 2  156  

Non-Entrainable Larval Fishes       

Engraulis mordax northern anchovy 4 - - 4 9.77 

Citharichthys sordidus Pacific sanddab 2 2 6.78 - - 

Ophiodon elongatus lingcod 2 2 6.78 - - 

Total Non-Entrainable Larval Fishes: 8 4  4  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 4 - - 4 9.77 

Total Larval Fish Fragment: 4 0  4  

Targeted Invertebrates       

Metacarcinus magister 

(megalops) dungeness crab megalops 1,091 512 1,460.58 579 1,413.84 

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 49 4 14.91 45 113.25 

Doryteuthis opalescens market squid 8 - - 8 23.01 

Total Targeted Invertebrates: 1,148 516  632  
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Table B1-10. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA13 

Date: April 11, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

CIQ goby complex gobies 19 1 4.44 18 47.58 

Bathymasteridae ronquils 2 2 7.13 - - 

Larval fish - damaged damaged larval fishes 2 2 7.13 - - 

Larvae, yolksac yolksac larvae 1 1 4.44 - - 

Total Entrainable Larval Fishes:  24 6  18  

Targeted Invertebrates       

Metacarcinus magister 

(megalops) dungeness crab megalops 2,086 178 641.69 1,908 5,053.26 

Cancridae damaged (megalops) damaged cancer crab meg. 2 1 4.44 1 2.60 

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 2 2 7.13 - - 

Total Targeted Invertebrates: 2,090 181  1,909  
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Table B1-11. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA14 

Date: April 25, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count 
(#/1000m

3) 

Entrainable Larval Fishes    Mean  Mean 

CIQ goby complex gobies 36 4 11.29 32 75.72 

Osmeridae smelts 16 4 11.29 12 29.23 

Parophrys vetulus English sole 12 - - 12 29.23 

Sebastes spp. V_ rockfishes 12 - - 12 29.23 

Stenobrachius leucopsarus northern lampfish 12 - - 12 28.11 

Larval fish - damaged damaged larval fishes 8 - - 8 19.49 

Liparis spp. snailfishes 8 - - 8 18.37 

Leptocottus armatus Pacific staghorn sculpin 4 4 11.93 - - 

Cottidae sculpins 2 - - 2 4.87 

Lepidogobius lepidus bay goby 2 - - 2 4.87 

Lepidopsetta bilineata rock sole 2 - - 2 4.87 

Peprilus simillimus Pacific butterfish 2 - - 2 4.87 

Total Entrainable Larval Fishes:  116 12  104  

Non-Entrainable Larval Fishes       

Ophiodon elongatus lingcod 16 - - 16 36.74 

Citharichthys spp. sanddabs 4 4 11.93 - - 

Scorpaenichthys marmoratus cabezon 4 4 11.93 - - 

Peprilus simillimus Pacific butterfish 2 2 5.65 - - 

Total Non-Entrainable Larval Fishes: 26 10  16  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 14 10 29.51 4 9.74 

Total Larval Fish Fragment: 14 10  4  

Targeted Invertebrates       

Metacarcinus magister 

(megalops) dungeness crab megalops 991 689 1,977.20 302 702.10 

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 314 266 755.88 48 111.33 

Cancridae damaged (megalops) damaged cancer crab meg. 59 59 166.45 - - 

Doryteuthis opalescens market squid 34 8 23.87 26 59.98 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 10 8 23.87 2 4.87 

Total Targeted Invertebrates: 1,408 1,030  378  
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Table B1-12. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA15 

Date: May 8, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Sardinops sagax Pacific sardine 64 23 71.82 41 105.80 

Sebastes spp. V rockfishes 16 7 20.95 9 20.76 

Sebastes spp. V_ rockfishes 14 6 17.96 8 18.57 

Larval fish - damaged damaged larval fishes 10 5 15.14 5 10.97 

Stenobrachius leucopsarus northern lampfish 7 2 5.99 5 11.48 

Rhinogobiops nicholsi blackeye goby 6 - - 6 14.70 

Neoclinus spp. fringeheads 5 3 9.15 2 4.90 

Artedius spp. sculpins 2 1 2.99 1 2.71 

CIQ goby complex gobies 2 1 2.99 1 2.71 

Cottidae sculpins 2 1 2.99 1 2.19 

Agonidae poachers 1 1 3.17 - - 

Citharichthys stigmaeus speckled sanddab 1 - - 1 2.19 

Oxyjulis californica senorita 1 1 2.99 - - 

Parophrys vetulus English sole 1 - - 1 2.19 

Ruscarius creaseri roughcheek sculpin 1 - - 1 2.19 

Total Entrainable Larval Fishes:  133 51  82  

Non-Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 7 3 9.50 4 10.82 

Sebastes serranoi./S. flavidus (yoy) rockfishes 5 - - 5 13.53 

Syngnathidae pipefishes 1 1 3.17 - - 

Total Non-Entrainable Larval Fishes: 13 4  9  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 16 10 31.16 6 13.16 

Total Larval Fish Fragment: 16 10  6  

Targeted Invertebrates       

Metacarcinus magister (megalops) dungeness crab megalops 3 - - 3 7.09 

Cancer prod./Romaleon spp. (meg) rock crab megalops 2 - - 2 4.39 

Total Targeted Invertebrates: 5 0  5  
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Table B1-13. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA16 

Date: May 28, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Lepidopsetta bilineata rock sole 21 3 8.72 18 41.03 

CIQ goby complex gobies 9 2 6.38 7 14.26 

Engraulis mordax northern anchovy 5 - - 5 9.28 

Larval fish - damaged damaged larval fishes 4 1 2.34 3 6.84 

Lyopsetta exilis slender sole 3 2 8.09 1 3.12 

Parophrys vetulus English sole 3 - - 3 5.57 

Bathymasteridae ronquils 2 - - 2 4.98 

Cottidae sculpins 2 - - 2 3.71 

Osmeridae smelts 2 - - 2 4.98 

Genyonemus lineatus white croaker 1 - - 1 3.12 

Liparis spp. snailfishes 1 - - 1 3.12 

Stenobrachius leucopsarus northern lampfish 1 - - 1 1.86 

Total Entrainable Larval Fishes:  54 8  46  

Non-Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 1 1 4.04 - - 

Total Non-Entrainable Larval Fishes: 1 1  0  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 4 1 4.04 3 5.57 

Total Larval Fish Fragment: 4 1  3  

Targeted Invertebrates       

Metacarcinus magister (megalops) dungeness crab megalops 9 4 16.18 5 10.55 

Total Targeted Invertebrates: 9 4  5  
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Table B1-14. Intake Station I2 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA17 

Date: June 14, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name 
Coun

t 
Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Engraulis mordax northern anchovy 16 3 10.58 13 30.12 

Larvae, yolksac yolksac larvae 10 1 3.53 9 20.56 

Citharichthys stigmaeus speckled sanddab 3 - - 3 7.11 

Ruscarius creaseri roughcheek sculpin 2 1 3.87 1 2.45 

Agonidae poachers 1 - - 1 2.20 

Cottidae sculpins 1 - - 1 2.45 

Gibbonsia spp. kelpfishes 1 1 3.53 - - 

Larval fish - damaged damaged larval fishes 1 - - 1 2.45 

Lepidogobius lepidus bay goby 1 - - 1 2.45 

Total Entrainable Larval Fishes:  36 6  30  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 2 - - 2 4.65 

Total Larval Fish Fragment: 2 0  2  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 3 1 3.53 2 4.65 

Total Targeted Invertebrates: 3 1  2  
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B2. Intake Station I3 Counts and Mean Concentrations 

 
Table B2-1. Intake Station I3 Counts and Mean Concentration (#/1000m

3
). 

 
Survey: MLIA04 

Date: June 21, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

CIQ goby complex gobies 53 23 48.92 30 56.52 

Osmeridae smelts 17 6 12.12 11 20.56 

Lepidogobius lepidus bay goby 5 4 7.10 1 1.92 

Cottidae sculpins 4 3 4.59 1 1.85 

Neoclinus spp. fringeheads 4 3 5.57 1 1.92 

Cebidichthys violaceus monkeyface prickleback 2 1 1.53 1 1.92 

Citharichthys stigmaeus speckled sanddab 1 - - 1 1.85 

Gillichthys mirabilis longjaw mudsucker 1 - - 1 1.85 

Larvae, yolksac yolksac larvae 1 1 2.51 - - 

Myctophidae lanternfishes 1 1 1.53 - - 

Odontopyxis trispinosa pygmy poacher 1 1 1.53 - - 

Oligocottus/Clinocottus spp. sculpins 1 1 1.53 - - 

Sardinops sagax Pacific sardine 1 1 2.51 - - 

Sebastes spp. V rockfishes 1 1 1.53 - - 

Total Entrainable Larval Fishes:  93 46  47  

Non-Entrainable Larval Fishes       

Ophiodon elongatus lingcod 1 1 1.53 - - 

Total Non-Entrainable Larval Fishes: 1 1  0  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 2 1 2.51 1 1.85 

Total Larval Fish Fragment: 2 1  1  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs mrgalops 3 - - 3 5.68 

Cancer prod./Romaleon spp. (meg) rock crab megalops 1 - - 1 1.92 

Total Targeted Invertebrates: 4 0  4  
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Table B2-2. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA05 

Date: July 26, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Lepidogobius lepidus bay goby 92 36 48.59 56 83.91 

Larvae, yolksac yolksac larvae 72 48 66.26 24 34.78 

CIQ goby complex gobies 34 - - 34 51.34 

Engraulis mordax northern anchovy 24 8 11.04 16 23.19 

Citharichthys stigmaeus speckled sanddab 20 - - 20 28.98 

Osmeridae smelts 20 8 11.04 12 17.39 

Parophrys vetulus English sole 16 8 11.04 8 12.97 

Neoclinus spp. fringeheads 12 - - 12 17.39 

Atherinopsis californiensis jacksmelt 8 4 4.42 4 5.80 

Icelinus quadriseriatus yellowchin sculpin 8 8 11.04 - - 

Rhinogobiops nicholsi blackeye goby 4 - - 4 5.80 

Sardinops sagax Pacific sardine 4 - - 4 5.80 

Sebastes spp. rockfishes 4 - - 4 5.80 

Larval fish - damaged damaged larval fishes 2 - - 2 3.59 

Lepidopsetta bilineata rock sole 2 - - 2 3.59 

Odontopyxis trispinosa pygmy poacher 2 - - 2 3.59 

Total Entrainable Larval Fishes:  324 120  204  

Non-Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 12 8 11.04 4 5.80 

Total Non-Entrainable Larval Fishes: 12 8  4  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 4 - - 4 5.80 

Total Larval Fish Fragment: 4 0  4  

Targeted Invertebrates       

Romal. anten./Metacar. grac. (meg) cancer crabs mrgalops 88 60 77.32 28 41.95 

Metacarcinus anthonyi (megalops) yellow crab megalops 28 16 17.68 12 17.39 

Cancridae damaged (megalops) damaged cancer crab meg. 8 8 11.04 - - 

Doryteuthis opalescens market squid 8 8 11.04 - - 

Total Targeted Invertebrates: 132 92  40  
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Table B2-3. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA06 

Date: August 21, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

CIQ goby complex gobies 26 22 39.92 4 17.89 

Engraulis mordax northern anchovy 20 6 10.89 14 62.63 

Larvae, yolksac yolksac larvae 20 8 14.52 12 53.68 

Lepidogobius lepidus bay goby 15 10 19.34 5 20.31 

Citharichthys sordidus Pacific sanddab 8 2 3.63 6 26.84 

Larval fish - damaged damaged larval fishes 6 4 7.26 2 6.89 

Neoclinus spp. fringeheads 6 2 3.63 4 13.78 

Citharichthys stigmaeus speckled sanddab 2 - - 2 6.89 

Cottidae sculpins 2 2 3.63 - - 

Myctophidae lanternfishes 2 2 3.63 - - 

Osmeridae smelts 2 2 3.63 - - 

Cyclothone spp. bristlemouths 1 - - 1 4.47 

Total Entrainable Larval Fishes:  110 60  50  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 16 16 29.03 - - 

Total Larval Fish Fragment: 16 16  0  

Targeted Invertebrates       

Romal. anten./Metacar. grac. (meg) cancer crabs mrgalops 38 28 54.39 10 34.44 

Doryteuthis opalescens market squid 7 2 3.63 5 18.25 

Metacarcinus anthonyi (megalops) yellow crab megalops 2 2 3.63 - - 

Total Targeted Invertebrates: 47 32  15  
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Table B2-4. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA07 

Date: September 21, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Genyonemus lineatus white croaker 109 83 142.83 26 76.61 

CIQ goby complex gobies 51 29 50.45 22 70.14 

Larvae, yolksac yolksac larvae 38 26 45.96 12 39.71 

Citharichthys stigmaeus speckled sanddab 17 12 21.11 5 16.18 

Lepidogobius lepidus bay goby 8 6 10.33 2 6.38 

Citharichthys sordidus Pacific sanddab 4 1 1.80 3 8.84 

Engraulis mordax northern anchovy 4 1 1.65 3 8.84 

Leptocottus armatus Pacific staghorn sculpin 4 4 6.89 - - 

Larval fish - damaged damaged larval fishes 2 1 1.65 1 3.43 

Neoclinus spp. fringeheads 2 1 1.65 1 2.95 

Atherinopsis californiensis jacksmelt 1 - - 1 2.95 

Osmeridae smelts 1 1 1.65 - - 

Tarletonbeania crenularis blue lanternfish 1 1 1.65 - - 

Total Entrainable Larval Fishes:  242 166  76  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 1 1 1.65 - - 

Total Larval Fish Fragment: 1 1  0  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs mrgalops 48 30 50.91 18 54.00 

Metacarcinus anthonyi (megalops) yellow crab megalops 25 20 35.03 5 16.18 

Cancridae damaged (megalops) damaged cancer crab meg. 3 - - 3 8.84 

Cancer prod./Romaleon spp. (meg) rock crab megalops 2 1 1.65 1 2.95 

Total Targeted Invertebrates: 78 51  27  
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Table B2-5. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA08 

Date: October 25, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Genyonemus lineatus white croaker 234 90 148.58 144 334.52 

Engraulis mordax northern anchovy 56 20 31.95 36 83.92 

Lepidogobius lepidus bay goby 56 24 40.78 32 76.43 

CIQ goby complex gobies 26 10 16.29 16 36.70 

Citharichthys sordidus Pacific sanddab 14 6 9.71 8 18.70 

Larvae, yolksac yolksac larvae 12 8 13.49 4 9.58 

Leptocottus armatus Pacific staghorn sculpin 12 6 9.71 6 13.91 

Larval fish - damaged damaged larval fishes 6 4 6.58 2 4.79 

Atherinopsis californiensis jacksmelt 2 - - 2 4.79 

Citharichthys stigmaeus speckled sanddab 2 - - 2 4.56 

Cottidae sculpins 2 2 3.13 - - 

Neoclinus spp. fringeheads 2 2 3.13 - - 

Odontopyxis trispinosa pygmy poacher 2 - - 2 4.56 

Paralichthys californicus California halibut 2 - - 2 4.56 

Pleuronichthys verticalis hornyhead turbot 2 - - 2 4.56 

Symphurus atricaudus California tonguefish 2 2 3.45 - - 

Total Entrainable Larval Fishes:  432 174  258  

Non-Entrainable Larval Fishes       

Syngnathidae pipefishes 2 - - 2 4.56 

Total Non-Entrainable Larval Fishes: 2 0  2  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 8 2 3.13 6 13.68 

Total Larval Fish Fragment: 8 2  6  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs mrgalops 26 24 40.14 2 4.56 

Cancer prod./Romaleon spp. (meg) rock crab megalops 4 4 6.90 - - 

Doryteuthis opalescens market squid 4 - - 4 9.35 

Total Targeted Invertebrates: 34 28  6  
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Table B2-6. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA09 

Date: December 13, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Engraulis mordax northern anchovy 2,728 1,360 2,905.45 1,368 4,172.44 

Genyonemus lineatus white croaker 1,272 632 1,306.77 640 1,936.59 

Citharichthys sordidus Pacific sanddab 60 20 42.68 40 120.84 

Larvae, yolksac yolksac larvae 32 28 61.85 4 11.77 

Lepidogobius lepidus bay goby 32 12 24.67 20 59.63 

CIQ goby complex gobies 28 20 45.01 8 25.12 

Citharichthys stigmaeus speckled sanddab 20 12 25.84 8 25.12 

Leptocottus armatus Pacific staghorn sculpin 20 12 25.84 8 24.33 

Lepidopsetta bilineata rock sole 16 8 16.84 8 25.12 

Paralichthys californicus California halibut 16 12 25.84 4 11.77 

Atherinopsis californiensis jacksmelt 8 - - 8 23.53 

Larval fish - damaged damaged larval fishes 4 4 7.83 - - 

Pleuronectidae righteye flounders 4 4 9.00 - - 

Pleuronichthys verticalis hornyhead turbot 4 - - 4 11.77 

Symphurus atricaudus California tonguefish 4 4 7.83 - - 

Tarletonbeania crenularis blue lanternfish 4 4 7.83 - - 

Total Entrainable Larval Fishes:  4,252 2,132  2,120  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 292 164 338.74 128 392.39 

Total Larval Fish Fragment: 292 164  128  

Targeted Invertebrates       

Romal. anten./Metacar. grac. (meg) cancer crabs mrgalops 36 20 43.84 16 48.65 

Metacarcinus anthonyi (megalops) yellow crab megalops 4 - - 4 12.56 

Total Targeted Invertebrates: 40 20  20  
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Table B2-7. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA10 

Date: January 17, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Genyonemus lineatus white croaker 120 76 138.08 44 119.94 

Sebastes spp. V rockfishes 78 72 130.11 6 15.67 

CIQ goby complex gobies 34 8 13.94 26 97.89 

Stenobrachius leucopsarus northern lampfish 30 - - 30 88.36 

Larvae, yolksac yolksac larvae 22 20 35.51 2 5.22 

Lepidogobius lepidus bay goby 20 16 28.21 4 15.44 

Engraulis mordax northern anchovy 10 4 7.30 6 15.67 

Sebastes spp. V_ rockfishes 8 4 6.97 4 15.44 

Citharichthys sordidus Pacific sanddab 4 4 7.30 - - 

Orthonopias triacis snubnose sculpin 4 4 6.97 - - 

Osmeridae smelts 4 - - 4 15.44 

Pleuronectidae righteye flounders 4 4 6.97 - - 

Lepidopsetta bilineata rock sole 2 - - 2 5.22 

Merluccius productus Pacific hake 2 - - 2 5.22 

Total Entrainable Larval Fishes:  342 212  130  

Non-Entrainable Larval Fishes       

Syngnathidae pipefishes 2 - - 2 5.22 

Total Non-Entrainable Larval Fishes: 2 0  2  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs mrgalops 6 4 7.30 2 5.22 

Total Targeted Invertebrates: 6 4  2  
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Table B2-8. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA11 

Date: February 11, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count 
(#/1000m3

) 
Count (#/1000m3) 

Entrainable Larval Fishes       

Ammodytes hexapterus Pacific sand lance 80 32 118.64 48 116.80 

CIQ goby complex gobies 56 24 89.31 32 84.69 

Larval fish - damaged damaged larval fishes 56 40 153.23 16 37.57 

Parophrys vetulus English sole 40 8 28.01 32 86.06 

Stenobrachius leucopsarus northern lampfish 36 12 43.34 24 61.81 

Genyonemus lineatus white croaker 32 20 75.30 12 32.27 

Pleuronectidae righteye flounders 24 12 42.02 12 32.27 

Engraulis mordax northern anchovy 16 8 30.65 8 18.78 

Leptocottus armatus Pacific staghorn sculpin 12 8 29.33 4 10.76 

Neoclinus spp. fringeheads 12 4 15.32 8 20.15 

Sebastes spp. rockfishes 12 - - 12 28.17 

Citharichthys stigmaeus speckled sanddab 8 4 15.32 4 10.76 

Larvae, yolksac yolksac larvae 8 4 14.01 4 10.76 

Lepidopsetta bilineata rock sole 8 - - 8 21.52 

Citharichthys sordidus Pacific sanddab 4 4 14.01 - - 

Gillichthys mirabilis longjaw mudsucker 4 - - 4 9.39 

Lepidogobius lepidus bay goby 4 4 15.32 - - 

Lipolagus ochotensis popeye blacksmelt 4 - - 4 9.39 

Osmeridae smelts 4 - - 4 10.76 

Pleuronectoidei flatfishes 4 4 14.01 - - 

Sebastes spp. V rockfishes 4 - - 4 10.76 

Sebastes spp. V_ rockfishes 4 - - 4 10.76 

Total Entrainable Larval Fishes:  432 188  244  

Larval Fish Fragments       

Larval fish fragment larval fish fragments 16 - - 16 41.66 

Total Larval Fish Fragment: 16 0  16  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs mrgalops 76 28 107.26 48 114.06 

Cancridae damaged (megalops) damaged cancer crab meg. 4 - - 4 9.39 

Doryteuthis opalescens market squid 4 - - 4 9.39 

Metacarcinus anthonyi (megalops) yellow crab megalops 4 - - 4 9.39 

Total Targeted Invertebrates: 88 28  60  
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Table B2-9. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA12 

Date: March 28, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Cottidae sculpins 12 4 14.22 8 21.01 

Bathymasteridae ronquils 8 6 21.33 2 5.25 

Parophrys vetulus English sole 7 3 10.51 4 10.50 

Sebastes spp. V_ rockfishes 5 1 3.40 4 10.50 

Stenobrachius leucopsarus northern lampfish 5 3 10.51 2 5.25 

Lyopsetta exilis slender sole 4 2 7.11 2 5.25 

Sebastes spp. rockfishes 3 - - 3 7.87 

Lepidogobius lepidus bay goby 2 - - 2 5.25 

Lepidopsetta bilineata rock sole 2 - - 2 5.25 

Odontopyxis trispinosa pygmy poacher 2 2 7.11 - - 

Pleuronectidae righteye flounders 2 2 7.11 - - 

Rhinogobiops nicholsi blackeye goby 2 2 7.11 - - 

Ammodytes hexapterus Pacific sand lance 1 - - 1 2.62 

Artedius spp. sculpins 1 1 3.40 - - 

Atherinopsis californiensis jacksmelt 1 1 3.40 - - 

Engraulis mordax northern anchovy 1 1 3.40 - - 

Merluccius productus Pacific hake 1 1 3.40 - - 

Neoclinus spp. fringeheads 1 - - 1 2.62 

Total Entrainable Larval Fishes:  60 29  31  

Non-Entrainable Larval Fishes       

Lyopsetta exilis slender sole 1 1 3.40 - - 

Total Non-Entrainable Larval Fishes: 1 1  0  

Targeted Invertebrates       

Metacarcinus magister (megalops) dungeness crab megalops 301 135 460.70 165 433.61 

Romal. anten./Metacar. grac. 

(meg) cancer crabs mrgalops 28 14 47.47 14 35.88 

Cancer prod./Romaleon spp. (meg) rock crab megalops 6 6 21.10 - - 

Cancridae damaged (megalops) damaged cancer crab meg. 2 2 7.11 - - 

Metacarcinus anthonyi (megalops) yellow crab megalops 2 2 5.27 - - 

Total Targeted Invertebrates: 338 159  179  
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Table B2-10. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA13 

Date: April 11, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

CIQ goby complex gobies 155 23 89.81 132 416.63 

Larvae, yolksac yolksac larvae 6 2 7.94 4 9.43 

Clupeidae herrings 4 - - 4 9.43 

Stenobrachius leucopsarus northern lampfish 4 - - 4 11.25 

Osmeridae smelts 3 3 11.16 - - 

Atherinopsis californiensis jacksmelt 2 - - 2 4.72 

Engraulis mordax northern anchovy 2 2 7.18 - - 

Lipolagus ochotensis popeye blacksmelt 2 2 7.18 - - 

Parophrys vetulus English sole 2 - - 2 4.72 

Sardinops sagax Pacific sardine 2 - - 2 4.72 

Zaniolepis frenata shortspine combfish 2 2 7.18 - - 

Total Entrainable Larval Fishes:  184 34  150  

Non-Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 12 6 21.55 6 14.15 

CIQ goby complex gobies 2 2 7.18 - - 

Total Non-Entrainable Larval Fishes: 14 8  6  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 4 2 7.18 2 6.53 

Total Larval Fish Fragment: 4 2  2  

Targeted Invertebrates       

Metacarcinus magister (megalops) dungeness crab megalops 248 38 144.83 210 665.96 

Romal. anten./Metacar. grac. 

(meg) cancer crabs mrgalops 26 16 60.50 10 23.58 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 1 1 3.97 - - 

Total Targeted Invertebrates: 275 55  220  
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Table B2-11. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA14 

Date: April 25, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

CIQ goby complex gobies 46 2 5.76 44 97.19 

Sebastes spp. V_ rockfishes 24 - - 24 56.39 

Osmeridae smelts 20 - - 20 45.45 

Sebastes spp. V rockfishes 12 - - 12 28.20 

Larval fish - damaged damaged larval fishes 8 - - 8 18.80 

Bathymasteridae ronquils 4 - - 4 9.40 

Cottidae sculpins 4 - - 4 9.40 

Larvae, yolksac yolksac larvae 4 - - 4 9.40 

Lepidogobius lepidus bay goby 4 - - 4 9.40 

Myctophidae lanternfishes 4 - - 4 9.40 

Neoclinus spp. fringeheads 4 - - 4 9.40 

Oligocottus/Clinocottus spp. sculpins 4 - - 4 9.40 

Parophrys vetulus English sole 4 - - 4 9.40 

Engraulis mordax northern anchovy 2 2 5.13 - - 

Leptocottus armatus Pacific staghorn sculpin 2 2 5.76 - - 

Total Entrainable Larval Fishes:  146 6  140  

Non-Entrainable Larval Fishes       

Sebastes serranoi./S. flavidus (yoy) rockfishes 8 - - 8 17.25 

Citharichthys stigmaeus speckled sanddab 4 4 10.26 - - 

Citharichthys sordidus Pacific sanddab 2 2 5.13 - - 

Engraulis mordax northern anchovy 2 2 5.13 - - 

Sebastes miniatus vermilion rockfish 2 2 5.13 - - 

Total Non-Entrainable Larval Fishes: 18 10  8  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 8 8 20.53 - - 

Total Larval Fish Fragment: 8 8  0  

Targeted Invertebrates       

Metacarcinus magister (megalops) dungeness crab megalops 3,066 590 1,613.72 2,477 5,486.43 

Doryteuthis opalescens market squid 42 34 96.67 8 18.80 

Romal. anten./Metacar. grac. 

(meg) cancer crabs mrgalops 32 9 22.32 23 54.98 

Cancer prod./Romaleon spp. (meg) rock crab megalops 6 6 14.88 - - 

Cancridae damaged (megalops) damaged cancer crab meg. 3 3 7.44 - - 

Metacarcinus anthonyi (megalops) yellow crab megalops 3 3 7.44 - - 

Total Targeted Invertebrates: 3,152 644  2,508  
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Table B2-12. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA15 

Date: May 8, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Sardinops sagax Pacific sardine 23 12 31.21 11 25.24 

Stenobrachius leucopsarus northern lampfish 11 1 2.02 10 20.48 

CIQ goby complex gobies 6 3 8.86 3 5.86 

Larval fish - damaged damaged larval fishes 5 2 5.44 3 6.33 

Sebastes spp. V_ rockfishes 5 4 8.06 1 1.95 

Cottidae sculpins 4 - - 4 7.82 

Lepidogobius lepidus bay goby 3 2 6.84 1 1.95 

Rhinogobiops nicholsi blackeye goby 3 2 5.44 1 2.42 

Leptocottus armatus Pacific staghorn sculpin 2 2 4.03 - - 

Neoclinus spp. fringeheads 2 - - 2 3.91 

Sebastes spp. rockfishes 2 - - 2 3.91 

Artedius spp. sculpins 1 1 2.02 - - 

Cebidichthys violaceus monkeyface prickleback 1 1 3.42 - - 

Citharichthys stigmaeus speckled sanddab 1 - - 1 2.42 

Icelinus quadriseriatus yellowchin sculpin 1 - - 1 1.95 

Oxylebius pictus painted greenling 1 - - 1 2.42 

Sebastes spp. V rockfishes 1 - - 1 1.95 

Total Entrainable Larval Fishes:  72 30  42  

Non-Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 5 4 8.06 1 2.42 

Chilara taylori spotted cusk-eel 1 - - 1 2.42 

Pleuronichthys spp. turbots 1 1 2.02 - - 

Sebastes spp. rockfishes 1 1 2.02 - - 

Syngnathidae pipefishes 1 1 2.02 - - 

Total Non-Entrainable Larval Fishes: 9 7  2  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 6 5 14.29 1 1.95 

Total Larval Fish Fragment: 6 5  1  

Targeted Invertebrates       

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 2 - - 2 4.84 

Romal. anten./Metacar. grac. 

(meg) cancer crabs mrgalops 2 - - 2 4.84 

Metacarcinus magister (megalops) dungeness crab megalops 1 - - 1 1.95 

Total Targeted Invertebrates: 5 0  5  
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Table B2-13. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA16 

Date: May 28, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

CIQ goby complex gobies 138 30 174.02 108 367.34 

Engraulis mordax northern anchovy 46 22 135.45 24 78.13 

Osmeridae smelts 39 10 48.21 29 102.47 

Sardinops sagax Pacific sardine 6 6 38.11 - - 

Lepidopsetta bilineata rock sole 5 - - 5 15.34 

Larval fish - damaged damaged larval fishes 2 1 4.82 1 3.07 

Stenobrachius leucopsarus northern lampfish 2 1 4.82 1 3.07 

Citharichthys stigmaeus speckled sanddab 1 1 4.82 - - 

Larvae, yolksac yolksac larvae 1 - - 1 3.07 

Parophrys vetulus English sole 1 - - 1 3.07 

Sebastes spp. V_ rockfishes 1 - - 1 3.07 

Total Entrainable Larval Fishes:  242 71  171  

Non-Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 2 2 9.64 - - 

Pleuronichthys coenosus c-o turbot 1 - - 1 3.63 

Total Non-Entrainable Larval Fishes: 3 2  1  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 13 3 16.30 10 32.37 

Total Larval Fish Fragment: 13 3  10  
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Table B2-14. Intake Station I3 Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA17 

Date: June 14, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Engraulis mordax northern anchovy 56 11 46.75 45 123.44 

Larvae, yolksac yolksac larvae 36 10 44.41 26 93.14 

CIQ goby complex gobies 29 6 25.71 23 61.37 

Osmeridae smelts 16 5 23.37 11 45.55 

Citharichthys stigmaeus speckled sanddab 7 - - 7 22.53 

Neoclinus spp. fringeheads 3 - - 3 9.20 

Oxyjulis californica senorita 3 1 4.67 2 6.67 

Pleuronichthys spp. turbots 1 - - 1 4.14 

Stenobrachius leucopsarus northern lampfish 1 - - 1 2.53 

Total Entrainable Larval Fishes:  152 33  119  

Non-Entrainable Larval Fishes       

Sebastes serranoi./S. flavidus 

(yoy) rockfishes 1 - - 1 4.14 

Total Non-Entrainable Larval Fishes: 1 0  1  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 10 - - 10 28.51 

Total Larval Fish Fragment: 10 0  10  

Targeted Invertebrates       

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 1 - - 1 4.14 

Total Targeted Invertebrates: 1 0  1  
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B3. Source Water Stations Counts and Mean Concentrations 

 
Table B3-1. Source Water Stations Counts and Mean Concentration (#/1000m

3
). 

 
Survey: MLIA04 

Date: June 21, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Sebastes spp. V rockfishes 5 5 4.33 - - 

Sebastes spp. V_ rockfishes 4 3 2.43 1 1.46 

Cyclopteridae snailfishes 3 1 0.90 2 2.92 

Sebastes spp. rockfishes 2 - - 2 2.51 

Cottidae sculpins 1 1 0.90 - - 

Larval fish - damaged damaged larval fishes 1 - - 1 0.91 

Oxyjulis californica senorita 1 1 0.77 - - 

Oxylebius pictus painted greenling 1 - - 1 0.91 

Stenobrachius leucopsarus northern lampfish 1 1 0.78 - - 

Tarletonbeania crenularis blue lanternfish 1 1 0.90 - - 

Zaniolepis frenata shortspine combfish 1 1 0.90 - - 

Total Entrainable Larval Fishes:  21 14  7  

Non-Entrainable Larval Fishes       

Citharichthys spp. sanddabs 1 1 0.87 - - 

Total Non-Entrainable Larval Fishes: 1 1  0  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 4 2 1.68 2 2.51 

Total Targeted Invertebrates: 4 2  2  
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Table B3-2. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA05 

Date: July 26, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 42 12 12.14 30 43.44 

Larvae, yolksac yolksac larvae 38 32 34.76 6 8.42 

Larval fish - damaged damaged larval fishes 22 12 13.24 10 14.98 

Citharichthys spp. sanddabs 16 16 15.99 - - 

Sebastes spp. V_ rockfishes 16 - - 16 24.35 

Citharichthys sordidus Pacific sanddab 14 4 3.86 10 14.23 

Rhinogobiops nicholsi blackeye goby 10 4 3.86 6 8.42 

Liparis spp. snailfishes 8 8 8.28 - - 

Peprilus simillimus Pacific butterfish 8 - - 8 11.43 

Stenobrachius leucopsarus northern lampfish 8 - - 8 12.17 

Lepidogobius lepidus bay goby 6 4 3.86 2 2.81 

Sebastes spp. rockfishes 6 4 3.86 2 2.81 

Brosmophycis marginata red brotula 4 4 3.86 - - 

Cottidae sculpins 4 - - 4 5.61 

Gibbonsia spp. kelpfishes 4 4 4.41 - - 

Sebastes spp. V rockfishes 4 - - 4 5.61 

Artedius spp. sculpins 2 - - 2 2.81 

Nannobrachium regalis pinpoint lanternfish 2 - - 2 2.81 

Pleuronichthys spp. turbots 2 - - 2 2.81 

Total Entrainable Larval Fishes:  216 104  112  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 6 4 4.41 2 2.81 

Total Larval Fish Fragment: 6 4  2  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 1,044 200 212.89 844 1,210.99 

Cancridae damaged (megalops) damaged cancer crab meg. 80 - - 80 114.27 

Doryteuthis opalescens market squid 70 20 19.82 50 73.60 

Metacarcinus anthonyi (megalops) yellow crab megalops 66 56 61.24 10 14.98 

Total Targeted Invertebrates: 1,260 276  984  
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Table B3-3. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA06 

Date: August 21, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Citharichthys sordidus Pacific sanddab 14 6 7.26 8 14.75 

Citharichthys stigmaeus speckled sanddab 12 4 3.80 8 13.87 

Lepidogobius lepidus bay goby 6 2 1.96 4 7.90 

Icichthys lockingtoni medusa fish 4 4 4.73 - - 

Lepidopsetta bilineata rock sole 4 2 2.36 2 2.98 

Pleuronichthys ritteri spotted turbot 4 2 2.94 2 2.98 

Artedius spp. sculpins 2 - - 2 4.09 

Genyonemus lineatus white croaker 2 2 1.90 - - 

Hexagrammos spp. greenlings 2 2 1.96 - - 

Larval fish - damaged damaged larval fishes 2 2 2.94 - - 

Liparis spp. snailfishes 2 - - 2 4.09 

Myctophidae lanternfishes 2 2 1.96 - - 

Peprilus simillimus Pacific butterfish 2 - - 2 2.98 

Sebastes spp. rockfishes 2 2 1.96 - - 

Sebastes spp. V rockfishes 2 2 1.96 - - 

Sebastes spp. V_ rockfishes 2 2 1.96 - - 

Total Entrainable Larval Fishes:  64 34  30  

Non-Entrainable Larval 

Fishes 
      

Peprilus simillimus Pacific butterfish 8 2 2.94 6 10.76 

Icichthys lockingtoni medusa fish 2 - - 2 4.09 

Total Non-Entrainable Larval Fishes: 10 2  8  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 4 - - 4 7.90 

Total Larval Fish Fragment: 4 0  4  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 328 164 203.95 164 296.65 

Doryteuthis opalescens market squid 58 44 50.14 14 24.40 

Cancridae damaged (megalops) damaged cancer crab meg. 20 8 9.63 12 21.52 

Metacarcinus anthonyi 

(megalops) yellow crab megalops 4 4 3.85 - - 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 2 2 2.94 - - 

Total Targeted Invertebrates: 412 222  190  
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Table B3-4. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA07 

Date: September 21, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Genyonemus lineatus white croaker 52 34 33.38 18 26.99 

Citharichthys sordidus Pacific sanddab 22 12 12.24 10 15.35 

Lepidogobius lepidus bay goby 18 10 11.49 8 11.64 

Peprilus simillimus Pacific butterfish 16 8 9.50 8 11.64 

Neoclinus spp. fringeheads 12 8 9.50 4 7.41 

Citharichthys stigmaeus speckled sanddab 8 8 9.50 - - 

Icelinus quadriseriatus yellowchin sculpin 2 2 1.99 - - 

Liparis spp. snailfishes 2 2 1.99 - - 

Pleuronichthys spp. turbots 2 - - 2 3.71 

Total Entrainable Larval Fishes:  134 84  50  

Non-Entrainable Larval Fishes       

Peprilus simillimus Pacific butterfish 18 12 13.49 6 11.12 

Total Non-Entrainable Larval Fishes: 18 12  6  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 16 8 6.82 8 11.64 

Total Larval Fish Fragment: 16 8  8  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 586 288 297.72 298 482.79 

Cancridae damaged (megalops) damaged cancer crab meg. 38 16 16.49 22 36.73 

Metacarcinus anthonyi 

(megalops) yellow crab megalops 20 18 18.49 2 3.71 

Doryteuthis opalescens market squid 14 10 10.24 4 7.41 

Total Targeted Invertebrates: 658 332  326  

 

  



Appendix B3. Source Water Stations Counts and Concentrations 

   

ESLO2013-045  

DeepWater Desal  Appendix B B-33 

 

Table B3-5. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA08 

Date: October 25, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 193 136 97.47 57 90.19 

Genyonemus lineatus white croaker 155 108 78.70 47 75.93 

Citharichthys sordidus Pacific sanddab 53 26 19.23 27 44.63 

Engraulis mordax northern anchovy 41 26 19.73 15 23.73 

Larvae, yolksac yolksac larvae 33 12 11.70 21 33.68 

Citharichthys spp. sanddabs 25 16 13.69 9 14.59 

Peprilus simillimus Pacific butterfish 22 12 8.94 10 15.06 

Stenobrachius leucopsarus northern lampfish 17 16 10.93 1 1.72 

Sebastes spp. V_ rockfishes 12 8 5.47 4 5.63 

Larval fish - damaged damaged larval fishes 8 8 5.96 - - 

Rhinogobiops nicholsi blackeye goby 6 2 1.95 4 6.14 

Tarletonbeania crenularis blue lanternfish 6 4 3.90 2 3.44 

Lepidogobius lepidus bay goby 4 2 1.95 2 3.07 

Sebastes spp. rockfishes 4 - - 4 5.63 

Sebastes spp. V rockfishes 4 - - 4 6.58 

Bathymasteridae ronquils 2 - - 2 3.29 

Cottidae sculpins 2 - - 2 3.29 

Leptocottus armatus Pacific staghorn sculpin 2 2 1.95 - - 

Pleuronichthys verticalis hornyhead turbot 2 - - 2 3.29 

Typhlogobius californiensis blind goby 2 - - 2 3.29 

Total Entrainable Larval Fishes:  593 378  215  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 16 10 7.84 6 9.87 

Total Larval Fish Fragment: 16 10  6  

Targeted Invertebrates       

Doryteuthis opalescens market squid 97 88 64.57 9 14.08 

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 90 54 43.85 36 54.95 

Cancridae damaged (megalops) damaged cancer crab meg. 6 4 2.94 2 3.29 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 4 4 2.94 - - 

Metacarcinus anthonyi 

(megalops) yellow crab megalops 4 2 1.95 2 3.44 

Total Targeted Invertebrates: 201 152  49  
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Table B3-6. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA09 

Date: December 13, 2012 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Engraulis mordax northern anchovy 6,558 2,596 2,946.99 3,962 7,186.76 

Genyonemus lineatus white croaker 1,934 1,000 1,123.12 934 1,592.57 

Stenobrachius leucopsarus northern lampfish 236 88 93.40 148 217.19 

Citharichthys sordidus Pacific sanddab 188 84 92.36 104 163.06 

Lepidogobius lepidus bay goby 60 40 43.89 20 31.94 

Citharichthys stigmaeus speckled sanddab 56 36 38.39 20 30.68 

Larvae, yolksac yolksac larvae 48 36 38.49 12 22.68 

Sebastes spp. V rockfishes 30 8 9.18 22 33.13 

Lepidopsetta bilineata rock sole 28 20 22.23 8 14.42 

Peprilus simillimus Pacific butterfish 24 16 16.35 8 10.44 

Paralichthys californicus California halibut 22 8 8.54 14 21.06 

Leptocottus armatus Pacific staghorn sculpin 12 12 13.32 - - 

Chitonotus/Icelinus spp. sculpins 6 4 3.95 2 2.61 

Pleuronichthys verticalis hornyhead turbot 4 4 3.95 - - 

Rhinogobiops nicholsi blackeye goby 4 4 3.95 - - 

Symphurus atricaudus California tonguefish 4 - - 4 5.22 

Citharichthys spp. sanddabs 2 - - 2 4.13 

Total Entrainable Larval Fishes:  9,216 3,956  5,260  

Non-Entrainable Larval Fishes       

Peprilus simillimus Pacific butterfish 4 - - 4 5.74 

Syngnathidae pipefishes 4 4 3.95 - - 

Total Non-Entrainable Larval Fishes: 8 4  4  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 1,674 924 1,057.14 750 1,213.93 

Total Larval Fish Fragment: 1,674 924  750  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 588 260 273.47 328 495.96 

Doryteuthis opalescens market squid 66 40 42.34 26 45.64 

Metacarcinus anthonyi 

(megalops) yellow crab megalops 64 24 25.44 40 60.82 

Cancridae damaged (megalops) damaged cancer crab meg. 12 4 4.59 8 12.89 

Total Targeted Invertebrates: 730 328  402  
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Table B3-7. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA10 

Date: January 17, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Stenobrachius leucopsarus northern lampfish 536 348 321.60 188 287.32 

Sebastes spp. V rockfishes 524 412 381.04 112 147.65 

Genyonemus lineatus white croaker 344 140 191.19 204 354.63 

Merluccius productus Pacific hake 78 56 52.18 22 35.35 

Sebastes spp. V_ rockfishes 74 52 50.28 22 27.00 

Sebastes spp. rockfishes 64 52 50.54 12 20.29 

Larval fish - damaged damaged larval fishes 60 32 44.14 28 46.87 

Lepidogobius lepidus bay goby 56 32 48.43 24 44.05 

Engraulis mordax northern anchovy 40 32 35.55 8 7.96 

Larvae, yolksac yolksac larvae 36 - - 36 64.58 

Pleuronectidae righteye flounders 16 8 12.11 8 14.68 

Chitonotus/Icelinus spp. sculpins 14 12 10.84 2 3.38 

CIQ goby complex gobies 12 4 3.91 8 14.68 

Citharichthys stigmaeus speckled sanddab 10 - - 10 15.06 

Citharichthys sordidus Pacific sanddab 8 8 7.30 - - 

Symphurus atricaudus California tonguefish 8 - - 8 14.68 

Bathymasteridae ronquils 6 4 3.65 2 3.38 

Chitonotus pugetensis roughback sculpin 4 4 3.65 - - 

Nannobrachium regalis pinpoint lanternfish 2 - - 2 3.38 

Tarletonbeania crenularis blue lanternfish 2 - - 2 3.38 

Total Entrainable Larval Fishes:  1,894 1,196  698  

Non-Entrainable Larval Fishes       

Peprilus simillimus Pacific butterfish 8 8 12.11 - - 

Total Non-Entrainable Larval Fishes: 8 8  0  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 80 28 26.84 52 76.56 

Total Larval Fish Fragment: 80 28  52  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 20 8 12.11 12 11.94 

Doryteuthis opalescens market squid 16 8 7.30 8 7.96 

Total Targeted Invertebrates: 36 16  20  
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Table B3-8. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA11 

Date: February 11, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Stenobrachius leucopsarus northern lampfish 234 122 225.89 112 194.27 

Genyonemus lineatus white croaker 66 30 72.40 36 65.76 

Parophrys vetulus English sole 40 24 58.63 16 29.22 

Sebastes spp. V rockfishes 30 10 18.84 20 41.35 

Lepidogobius lepidus bay goby 14 6 13.50 8 14.65 

Merluccius productus Pacific hake 14 8 17.13 6 10.91 

Pleuronectidae righteye flounders 14 6 14.59 8 14.57 

Ammodytes hexapterus Pacific sand lance 12 4 9.00 8 15.85 

Lipolagus ochotensis popeye blacksmelt 12 8 17.13 4 7.24 

Sebastes spp. rockfishes 12 - - 12 19.76 

Engraulis mordax northern anchovy 8 4 10.09 4 8.53 

Larvae, yolksac yolksac larvae 8 6 14.31 2 3.66 

Sebastes spp. V_ rockfishes 8 4 9.54 4 7.24 

Myctophidae lanternfishes 6 6 11.81 - - 

CIQ goby complex gobies 4 - - 4 8.53 

Larval fish - damaged damaged larval fishes 4 4 9.00 - - 

Rhinogobiops nicholsi blackeye goby 4 4 7.04 - - 

Bathymasteridae ronquils 2 - - 2 3.66 

Citharichthys spp. sanddabs 2 2 4.77 - - 

Orthonopias triacis snubnose sculpin 2 - - 2 3.66 

Total Entrainable Larval Fishes:  496 248  248  

Non-Entrainable Larval Fishes       

Citharichthys sordidus Pacific sanddab 4 - - 4 8.53 

Total Non-Entrainable Larval Fishes: 4 0  4  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 32 12 28.08 20 32.28 

Total Larval Fish Fragment: 32 12  20  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 50 24 53.12 26 49.08 

Metacarcinus anthonyi 

(megalops) yellow crab megalops 16 8 14.07 8 12.52 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 4 - - 4 8.53 

Cancridae damaged (megalops) damaged cancer crab meg. 2 2 4.50 - - 

Total Targeted Invertebrates: 72 34  38  
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Table B3-9. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA12 

Date: March 28, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Bathymasteridae ronquils 26 4 7.33 22 32.46 

Stenobrachius leucopsarus northern lampfish 16 8 14.48 8 10.32 

Cottidae sculpins 12 6 10.95 6 8.57 

Pleuronectoidei flatfishes 12 - - 12 17.15 

Parophrys vetulus English sole 10 6 9.55 4 5.83 

Engraulis mordax northern anchovy 6 2 2.94 4 4.84 

Larval fish - damaged damaged larval fishes 6 6 10.27 - - 

Chitonotus/Icelinus spp. sculpins 4 - - 4 5.83 

Liparis spp. snailfishes 4 4 7.33 - - 

Psettichthys melanostictus sand sole 4 4 6.60 - - 

Artedius spp. sculpins 2 - - 2 2.74 

Lyopsetta exilis slender sole 2 2 3.62 - - 

Peprilus simillimus Pacific butterfish 2 2 2.94 - - 

Total Entrainable Larval Fishes:  106 44  62  

Non-Entrainable Larval Fishes       

Pleuronectoidei flatfishes 2 2 2.94 - - 

Total Non-Entrainable Larval Fishes: 2 2  0  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 4 2 2.94 2 2.74 

Total Larval Fish Fragment: 4 2  2  

Targeted Invertebrates       

Metacarcinus magister 

(megalops) dungeness crab megalops 1,238 646 1,289.86 592 903.89 

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 80 54 99.04 26 38.29 

Metacarcinus anthonyi 

(megalops) yellow crab megalops 20 - - 20 26.74 

Doryteuthis opalescens market squid 8 8 12.44 - - 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 2 2 2.94 - - 

Total Targeted Invertebrates: 1,348 710  638  
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Table B3-10. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA13 

Date: April 11, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Larvae, yolksac yolksac larvae 18 6 7.97 12 12.53 

Cottidae sculpins 16 4 9.19 12 13.73 

Sebastes spp. V rockfishes 16 8 10.62 8 8.35 

Lyopsetta exilis slender sole 12 4 5.53 8 7.91 

Agonidae poachers 8 - - 8 7.91 

Parophrys vetulus English sole 8 - - 8 8.35 

Bathymasteridae ronquils 4 - - 4 4.17 

Liparis spp. snailfishes 4 - - 4 4.18 

Sebastes spp. V_ rockfishes 4 - - 4 4.17 

Stenobrachius leucopsarus northern lampfish 4 4 9.19 - - 

Pleuronectoidei flatfishes 2 2 2.66 - - 

Sebastes spp. rockfishes 2 2 3.49 - - 

Zaniolepis frenata shortspine combfish 2 2 3.49 - - 

Total Entrainable Larval Fishes:  100 32  68  

Non-Entrainable Larval Fishes       

Citharichthys sordidus Pacific sanddab 4 4 5.53 - - 

Syngnathidae pipefishes 4 4 5.53 - - 

Citharichthys stigmaeus speckled sanddab 2 2 2.66 - - 

Total Non-Entrainable Larval Fishes: 10 10  0  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 2 2 4.60 - - 

Total Larval Fish Fragment: 2 2  0  

Targeted Invertebrates       

Metacarcinus magister 

(megalops) dungeness crab megalops 1,046 130 186.69 916 906.42 

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 114 42 59.45 72 73.84 

Doryteuthis opalescens market squid 28 16 23.19 12 13.73 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 12 - - 12 12.52 

Cancridae damaged (megalops) damaged cancer crab meg. 4 - - 4 4.17 

Total Targeted Invertebrates: 1,204 188  1,016  
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Table B3-11. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA14 

Date: April 25, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Cottidae sculpins 13 1 1.91 12 14.31 

Stenobrachius leucopsarus northern lampfish 10 4 6.59 6 6.42 

Sebastes spp. V_ rockfishes 9 9 14.56 - - 

Sebastes spp. V rockfishes 7 7 12.31 - - 

Citharichthys stigmaeus speckled sanddab 6 - - 6 6.55 

Bathymasteridae ronquils 4 - - 4 4.90 

Oligocottus/Clinocottus spp. sculpins 4 - - 4 4.90 

Larval fish - damaged damaged larval fishes 3 3 4.40 - - 

Artedius spp. sculpins 1 1 1.51 - - 

Citharichthys spp. sanddabs 1 1 1.51 - - 

Lepidopsetta bilineata rock sole 1 1 1.91 - - 

Leuroglossus stilbius California smoothtongue 1 1 1.91 - - 

Sebastes spp. rockfishes 1 1 1.38 - - 

Total Entrainable Larval Fishes:  61 29  32  

Non-Entrainable Larval Fishes       

Citharichthys spp. sanddabs 2 2 3.29 - - 

Sebastes spp. rockfishes 1 1 1.51 - - 

Total Non-Entrainable Larval Fishes: 3 3  0  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 5 5 7.19 - - 

Total Larval Fish Fragment: 5 5  0  

Targeted Invertebrates       

Metacarcinus magister 

(megalops) dungeness crab megalops 101 87 130.90 14 16.22 

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 57 29 49.10 28 31.28 

Doryteuthis opalescens market squid 10 6 8.69 4 4.90 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 7 3 4.92 4 4.38 

Cancridae damaged (megalops) damaged cancer crab meg. 2 2 3.01 - - 

Total Targeted Invertebrates: 177 127  50  
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Table B3-12. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA15 

Date: May 8, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Stenobrachius leucopsarus northern lampfish 101 40 57.68 61 62.83 

Sebastes spp. V_ rockfishes 50 26 38.73 24 27.41 

Sebastes spp. V rockfishes 34 17 25.52 17 21.56 

Sardinops sagax Pacific sardine 3 - - 3 3.50 

Chitonotus/Icelinus spp. sculpins 2 - - 2 2.92 

Larval fish - damaged damaged larval fishes 2 1 1.45 1 0.91 

Liparis spp. snailfishes 2 2 2.72 - - 

Lyopsetta exilis slender sole 2 1 1.76 1 0.91 

Odontopyxis trispinosa pygmy poacher 2 - - 2 2.83 

Oligocottus/Clinocottus spp. sculpins 2 2 2.97 - - 

Tarletonbeania crenularis blue lanternfish 2 1 1.36 1 0.91 

Agonidae poachers 1 1 1.36 - - 

Artedius spp. sculpins 1 1 1.36 - - 

Bathymasteridae ronquils 1 - - 1 1.17 

Citharichthys stigmaeus speckled sanddab 1 - - 1 0.91 

Cottidae sculpins 1 - - 1 1.37 

Isopsetta isolepis butter sole 1 1 1.45 - - 

Larvae, yolksac yolksac larvae 1 - - 1 1.17 

Lepidopsetta bilineata rock sole 1 1 1.76 - - 

Leptocottus armatus Pacific staghorn sculpin 1 - - 1 0.91 

Neoclinus spp. fringeheads 1 1 1.76 - - 

Orthonopias triacis snubnose sculpin 1 1 1.36 - - 

Parophrys vetulus English sole 1 1 1.76 - - 

Rhinogobiops nicholsi blackeye goby 1 - - 1 0.91 

Ruscarius creaseri roughcheek sculpin 1 1 1.52 - - 

Total Entrainable Larval Fishes:  216 98  118  

Non-Entrainable Larval Fishes       

Sebastes serranoi./S. flavidus 

(yoy) rockfishes 11 1 1.76 10 13.51 

Citharichthys sordidus Pacific sanddab 2 - - 2 1.82 

Sebastes mystinus blue rockfish 2 2 3.52 - - 

Citharichthys spp. sanddabs 1 1 1.76 - - 

Citharichthys stigmaeus speckled sanddab 1 - - 1 1.46 

Total Non-Entrainable Larval Fishes: 17 4  13  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 3 1 1.52 2 2.54 

Total Larval Fish Fragment: 3 1  2  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 7 3 4.64 4 4.74 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 5 3 4.48 2 2.37 

Doryteuthis opalescens market squid 2 1 1.52 1 0.91 

Metacarcinus magister 

(megalops) dungeness crab megalops 1 1 1.36 - - 

Total Targeted Invertebrates: 15 8  7  
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Table B3-13. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA16 

Date: May 28, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Engraulis mordax northern anchovy 20 - - 20 51.17 

Larval fish - damaged damaged larval fishes 17 6 26.85 11 33.52 

Cottidae sculpins 16 2 7.93 14 47.47 

Bathymasteridae ronquils 14 - - 14 46.93 

Lepidopsetta bilineata rock sole 6 2 9.46 4 12.28 

Parophrys vetulus English sole 6 1 4.73 5 15.59 

Lyopsetta exilis slender sole 4 1 4.73 3 10.48 

Liparis spp. snailfishes 3 - - 3 7.99 

Sebastes spp. V rockfishes 3 - - 3 9.50 

Stenobrachius leucopsarus northern lampfish 3 1 4.73 2 6.63 

Genyonemus lineatus white croaker 2 - - 2 5.65 

Lipolagus ochotensis popeye blacksmelt 2 - - 2 6.63 

Ruscarius meanyi Puget Sound sculpin 2 - - 2 7.16 

Zaniolepis frenata shortspine combfish 2 - - 2 7.16 

Agonidae poachers 1 - - 1 2.34 

Bathylagidae blacksmelts 1 - - 1 2.34 

Citharichthys stigmaeus speckled sanddab 1 - - 1 2.34 

Icelinus quadriseriatus yellowchin sculpin 1 - - 1 3.31 

Larval/post-larval fish larval fishes 1 - - 1 3.31 

Lepidogobius lepidus bay goby 1 - - 1 2.34 

Myctophidae lanternfishes 1 - - 1 2.34 

Paralichthys californicus California halibut 1 - - 1 3.31 

Pleuronichthys spp. turbots 1 - - 1 2.34 

Pleuronichthys verticalis hornyhead turbot 1 - - 1 2.34 

Sebastes spp. rockfishes 1 1 4.07 - - 

Sebastes spp. V_ rockfishes 1 - - 1 2.34 

Total Entrainable Larval Fishes:  112 14  98  

Non-Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 1 - - 1 2.34 

Total Non-Entrainable Larval Fishes: 1 0  1  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 12 2 8.15 10 24.34 

Total Larval Fish Fragment: 12 2  10  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 3 2 8.58 1 3.31 

Cancer prod./Romaleon spp. 

(meg) rock crab megalops 1 - - 1 2.34 

Doryteuthis opalescens market squid 1 - - 1 3.31 

Metacarcinus magister 

(megalops) dungeness crab megalops 1 - - 1 2.34 

Total Targeted Invertebrates: 6 2  4  
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Table B3-14. Source Water Stations Counts and Mean Concentration (#/1000m
3
). 

 
Survey: MLIA17 

Date: June 14, 2013 

 

   40 m deep tow 25 m deep tow 

    Mean  Mean 

  Total  Conc.  Conc. 

Taxon Common Name Count Count (#/1000m3) Count (#/1000m3) 

Entrainable Larval Fishes       

Engraulis mordax northern anchovy 21 13 24.48 8 13.45 

Citharichthys stigmaeus speckled sanddab 16 8 16.32 8 13.65 

Larvae, yolksac yolksac larvae 14 6 11.87 8 14.83 

Sebastes spp. V_ rockfishes 12 2 3.71 10 14.23 

Sebastes spp. V rockfishes 6 1 1.98 5 7.88 

Stenobrachius leucopsarus northern lampfish 4 2 3.95 2 3.39 

Agonidae poachers 2 2 3.71 - - 

Cottidae sculpins 2 1 1.98 1 1.64 

Larval fish - damaged damaged larval fishes 2 2 4.28 - - 

Liparis spp. snailfishes 2 2 3.71 - - 

Nannobrachium regalis pinpoint lanternfish 2 - - 2 3.39 

Oligocottus/Clinocottus spp. sculpins 1 1 1.98 - - 

Total Entrainable Larval Fishes:  84 40  44  

Non-Entrainable Larval Fishes       

Citharichthys stigmaeus speckled sanddab 1 1 1.98 - - 

Total Non-Entrainable Larval Fishes: 1 1  0  

Larval Fish Fragments       

Larval fish fragmenst larval fish fragmenst 2 - - 2 4.03 

Total Larval Fish Fragment: 2 0  2  

Targeted Invertebrates       

Romal. anten./Metacar. grac. 

(meg) cancer crabs megalops 3 1 2.48 2 3.29 

Doryteuthis opalescens market squid 1 1 1.98 - - 

Total Targeted Invertebrates: 4 2  2  
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B4. Intake Stations Larval Fish Lengths 

 
Table B4-1. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA04 

Date: June 21, 2012 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 14 2.0-8.6 4.5   6 2.1-8.1 4.8 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   1 4.7 4.7 

Engraulis mordax northern anchovy 0 - -   0 - - 

Genyonemus lineatus white croaker 0 - -   0 - - 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   0 - - 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   1 2.6 2.6 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 2 4.2-4.8 4.5   1 4.1 4.1 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 1 16.2 16.2   1 3.3 3.3 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 17    10   
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Table B4-2. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA05 

Date: July 26, 2012 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 1 5.3 5.3   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 11 1.8-7.2 3.6   0 - - 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 3 19.1-20.6 20.1   1 21.7 21.7 

Genyonemus lineatus white croaker 0 - -   0 - - 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   0 - - 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 1 8.3 8.3   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 16    1   

 

 

Table B4-3. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA06 

Date: August 21, 2012 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 8 2.2-2.5 2.3   10 2.5-8.8 5.8 

Citharichthys sordidus Pacific sanddab 2 2.0-2.5 2.2   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   1 7.7 7.7 

Engraulis mordax northern anchovy 3 1.4-2.0 1.6   0 - - 

Genyonemus lineatus white croaker 0 - -   0 - - 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   0 - - 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 1 3.2 3.2   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 14    11   
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Table B4-4. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA07 

Date: September 21, 2012 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 0 - -   25 2.3-8.0 2.8 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   7 0.8-1.6 1.3 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 0 - -   1 11.4 11.4 

Genyonemus lineatus white croaker 4 2.9-4.2 3.6   28 3.6-5.1 4.5 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   2 3.2-3.3 3.3 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 4    63   

 

 

Table B4-5. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA08 

Date: October 25, 2012 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 0 - -   5 2.2-2.8 2.6 

Citharichthys sordidus Pacific sanddab 0 - -   1 2.6 2.6 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   1 4.0 4.0 

Engraulis mordax northern anchovy 0 - -   3 2.2-4.2 3.0 

Genyonemus lineatus white croaker 27 2.1-4.8 3.3   14 1.8-5.3 3.4 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 4 3.6-4.3 3.9   2 4.2-4.3 4.3 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 31    26   
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Table B4-6. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA09 

Date: December 13, 2012 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 2 2.7-3.2 3.0   5 2.8-4.0 3.2 

Citharichthys sordidus Pacific sanddab 7 2.4-2.7 2.6   3 2.5-2.8 2.6 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 2 2.5-2.6 2.6   2 1.8-7.4 4.6 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 65 2.2-12.2 3.1   40 2.4-13.9 3.3 

Genyonemus lineatus white croaker 38 1.7-5.3 2.7   32 1.8-5.0 2.4 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   3 4.1-6.7 5.1 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 114    85   

 

 

Table B4-7. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA10 

Date: January 17, 2013 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 1 4.6 4.6   0 - - 

CIQ goby complex gobies 1 5.1 5.1   2 2.8-4.4 3.6 

Citharichthys sordidus Pacific sanddab 0 - -   1 5.0 5.0 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 4 8.0-19.9 14.5   1 13.6 13.6 

Genyonemus lineatus white croaker 15 2.5-6.9 5.0   6 2.1-4.3 3.6 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   0 - - 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   1 3.6 3.6 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 12 3.3-5.3 4.1   13 3.0-4.9 3.9 

Sebastes spp. V_ rockfishes 1 4.2 4.2   1 3.1 3.1 

 Total: 34    25   
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Table B4-8. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA11 

Date: February 11, 2013 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 1 3.6 3.6   6 2.9-8.1 4.2 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 0 - -   2 15.5-24.1 19.8 

Genyonemus lineatus white croaker 2 2.1-2.6 2.3   4 2.6-5.8 3.4 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 1 5.7 5.7   2 5.4-6.2 5.8 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 4    14   

 

 

Table B4-9. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA12 

Date: March 28, 2013 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   1 9.1 9.1 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 0 - -   0 - - 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 0 - -   0 - - 

Genyonemus lineatus white croaker 0 - -   0 - - 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   0 - - 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   1 5.1 5.1 

 Total: 0    2   
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Table B4-10. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA13 

Date: April 11, 2013 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 1 2.6 2.6   17 2.6-25.4 4.2 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 0 - -   1 22.1 22.1 

Genyonemus lineatus white croaker 0 - -   0 - - 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   0 - - 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 1    18   

 

 

Table B4-11. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA14 

Date: April 25, 2013 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 0 - -   1 5.9 5.9 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 0 - -   0 - - 

Genyonemus lineatus white croaker 0 - -   0 - - 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   1 5.8 5.8 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 0    2   
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Table B4-12. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA15 

Date: May 8, 2013 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 1 4.2 4.2   1 4.9 4.9 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 1 3.0 3.0   1 2.4 2.4 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 1 3.4 3.4   0 - - 

Engraulis mordax northern anchovy 0 - -   0 - - 

Genyonemus lineatus white croaker 0 - -   0 - - 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   2 4.8-4.9 4.8 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 4 7.8-9.3 8.4   5 6.8-9.4 8.1 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 4 3.3-4.9 3.9   0 - - 

Sebastes spp. V_ rockfishes 4 3.3-4.9 4.1   3 4.0-4.3 4.2 

 Total: 15    12   

 

 

Table B4-13. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA16 

Date: May 28, 2013 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 2 2.5-5.0 3.8   27 2.7-4.0 3.0 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   1 1.2 1.2 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 0 - -   3 2.7-3.7 3.1 

Genyonemus lineatus white croaker 0 - -   0 - - 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   0 - - 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 0 - -   0 - - 

Sardinops sagax Pacific sardine 0 - -   6 5.3-13.5 6.9 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 2    37   
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Table B4-14. Larval Fish Lengths from 40 m Deep Tows at the Intake Stations. 

 
Survey: MLIA17 

Date: June 14, 2013 

 

  Station: I2  Station: I3 

  Meas. Length Average  Meas. Length Average 

Taxon Common Name Count Range Length  Count Range Length 

Artedius spp. sculpins 0 - -   0 - - 

Chitonotus pugetensis roughback sculpin 0 - -   0 - - 

Chitonotus/Icelinus spp. sculpins 0 - -   0 - - 

CIQ goby complex gobies 0 - -   5 2.7-3.2 3.0 

Citharichthys sordidus Pacific sanddab 0 - -   0 - - 

Citharichthys spp. sanddabs 0 - -   0 - - 

Citharichthys stigmaeus speckled sanddab 0 - -   0 - - 

Cottidae sculpins 0 - -   0 - - 

Engraulis mordax northern anchovy 2 2.8-3.2 3.0   1 2.2 2.2 

Genyonemus lineatus white croaker 0 - -   0 - - 

Icelinus quadriseriatus yellowchin sculpin 0 - -   0 - - 

Leptocottus armatus Pacific staghorn sculpin 0 - -   0 - - 

Liparis spp. snailfishes 0 - -   0 - - 

Oligocottus/Clinocot. spp. sculpins 0 - -   0 - - 

Orthonopias triacis snubnose sculpin 0 - -   0 - - 

Ruscarius creaseri roughcheek sculpin 1 6.3 6.3   0 - - 

Sardinops sagax Pacific sardine 0 - -   0 - - 

Sebastes spp. rockfishes 0 - -   0 - - 

Sebastes spp. V rockfishes 0 - -   0 - - 

Sebastes spp. V_ rockfishes 0 - -   0 - - 

 Total: 3    6   
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B5. Source Water Stations Larval Fish Lengths 

 
Table B5-1. Larval Fish Lengths from the 40 m deep tow at the Source Water 

Stations. 

 
Survey: MLIA04 

Date: June 21, 2012 

 

  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab - - - 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab - - - 

Cottidae sculpins 1 2.6 2.6 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes 3 3.3-3.4 3.4 

Sebastes spp. V_ rockfishes 1 3.8 3.8 

 Total: 5   

 

  



Appendix B5. Source Water Stations Larval Fish Lengths 

   

ESLO2013-045  

DeepWater Desal  Appendix B B-52 

 

Table B5-2. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA05 

Date: July 26, 2012 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab 1 2.9 2.9 

Citharichthys spp. sanddabs 2 2.0-2.1 2.0 

Citharichthys stigmaeus speckled sanddab - - - 

Cottidae sculpins - - - 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes 1 2.7 2.7 

Sebastes spp. V rockfishes - - - 

Sebastes spp. V_ rockfishes - - - 

 Total: 4   
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Table B5-3. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA06 

Date: August 21, 2012 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab 3 1.8-4.5 2.8 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab 2 3.5-4.6 4.1 

Cottidae sculpins - - - 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes 1 6.1 6.1 

Sebastes spp. V rockfishes 1 3.4 3.4 

Sebastes spp. V_ rockfishes 1 3.1 3.1 

 Total: 8   
  



Appendix B5. Source Water Stations Larval Fish Lengths 

   

ESLO2013-045  

DeepWater Desal  Appendix B B-54 

 

Table B5-4. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA07 

Date: September 21, 2012 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab 2 2.2-2.3 2.3 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab 1 6.2 6.2 

Cottidae sculpins - - - 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin 1 2.9 2.9 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes - - - 

Sebastes spp. V_ rockfishes - - - 

 Total: 4   
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Table B5-5. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA08 

Date: October 25, 2012 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab 4 2.2-3.1 2.6 

Citharichthys spp. sanddabs 3 2.0-2.6 2.3 

Citharichthys stigmaeus speckled sanddab 11 2.8-7.2 4.0 

Cottidae sculpins - - - 

Engraulis mordax northern anchovy 5 2.3-5.9 4.3 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin 1 3.6 3.6 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes - - - 

Sebastes spp. V_ rockfishes 1 3.6 3.6 

 Total: 25   
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Table B5-6. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA09 

Date: December 13, 2012 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins 1 2.5 2.5 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab 15 2.3-5.8 3.5 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab 7 1.7-5.7 3.5 

Cottidae sculpins - - - 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin 3 3.5-4.9 4.2 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes 2 3.7-3.8 3.7 

Sebastes spp. V_ rockfishes - - - 

 Total: 28   
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Table B5-7. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA10 

Date: January 17, 2013 
 

  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin 1 4.1 4.1 

Chitonotus/Icelinus spp. sculpins 2 2.8-3.0 2.9 

CIQ goby complex gobies 1 6.9 6.9 

Citharichthys sordidus Pacific sanddab 2 5.1-6.3 5.7 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab - - - 

Cottidae sculpins - - - 

Engraulis mordax northern anchovy 1 8.7 8.7 

Genyonemus lineatus white croaker 5 1.8-5.4 3.5 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes 5 3.0-3.9 3.4 

Sebastes spp. V rockfishes 41 2.8-5.6 4.0 

Sebastes spp. V_ rockfishes 10 2.8-4.2 3.6 

 Total: 68   
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Table B5-8. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA11 

Date: February 11, 2013 
 

  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab - - - 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab - - - 

Cottidae sculpins - - - 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker 3 2.5-6.6 3.9 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes 3 4.8-7.3 6.0 

Sebastes spp. V_ rockfishes 2 4.7-5.3 5.0 

 Total: 8   
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Table B5-9. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA12 

Date: March 28, 2013 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab - - - 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab - - - 

Cottidae sculpins 2 2.9-3.7 3.3 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes - - - 

Sebastes spp. V_ rockfishes - - - 

 Total: 2   
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Table B5-10. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA13 

Date: April 11, 2013 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab - - - 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab - - - 

Cottidae sculpins 2 3.3-4.4 3.8 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes 4 4.2-5.2 4.5 

Sebastes spp. V_ rockfishes - - - 

 Total: 6   

 

 

  



Appendix B5. Source Water Stations Larval Fish Lengths 

   

ESLO2013-045  

DeepWater Desal  Appendix B B-61 

 

Table B5-11. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA14 

Date: April 25, 2013 
 

  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab - - - 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab - - - 

Cottidae sculpins 1 3.7 3.7 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes 5 3.2-5.0 3.7 

Sebastes spp. V_ rockfishes 8 3.7-5.1 4.5 

 Total: 14   
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Table B5-12. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA15 

Date: May 8, 2013 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins 1 4.0 4.0 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab - - - 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab - - - 

Cottidae sculpins - - - 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes 2 3.3-3.6 3.4 

Oligocottus/Clinocot. spp. sculpins 2 3.6-3.7 3.6 

Orthonopias triacis snubnose sculpin 1 3.6 3.6 

Ruscarius creaseri roughcheek sculpin 1 4.0 4.0 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes 13 3.2-5.6 4.0 

Sebastes spp. V_ rockfishes 24 3.3-5.4 4.6 

 Total: 44   

 

 

  



Appendix B5. Source Water Stations Larval Fish Lengths 

   

ESLO2013-045  

DeepWater Desal  Appendix B B-63 

 

Table B5-13. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA16 

Date: May 28, 2013 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab - - - 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab - - - 

Cottidae sculpins 2 2.4-10.3 6.3 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins - - - 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes - - - 

Sebastes spp. V_ rockfishes - - - 

 Total: 2   
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Table B5-14. Larval Fish Lengths from the 40 m deep tow at the Source 

Water Stations. 

 

Survey: MLIA17 

Date: June 14, 2013 

 
  Source Water Stations 

  Meas. Length Average 

Taxon Common Name Count Range Length 

Artedius spp. sculpins - - - 

Chitonotus pugetensis roughback sculpin - - - 

Chitonotus/Icelinus spp. sculpins - - - 

CIQ goby complex gobies - - - 

Citharichthys sordidus Pacific sanddab - - - 

Citharichthys spp. sanddabs - - - 

Citharichthys stigmaeus speckled sanddab 2 1.6-2.0 1.8 

Cottidae sculpins 1 9.1 9.1 

Engraulis mordax northern anchovy - - - 

Genyonemus lineatus white croaker - - - 

Icelinus quadriseriatus yellowchin sculpin - - - 

Leptocottus armatus Pacific staghorn sculpin - - - 

Liparis spp. snailfishes - - - 

Oligocottus/Clinocot. spp. sculpins 1 5.4 5.4 

Orthonopias triacis snubnose sculpin - - - 

Ruscarius creaseri roughcheek sculpin - - - 

Sardinops sagax Pacific sardine - - - 

Sebastes spp. rockfishes - - - 

Sebastes spp. V rockfishes 1 5.3 5.3 

Sebastes spp. V_ rockfishes 1 3.9 3.9 

 Total: 6   

 



Erika McPhee-Shaw 

Moss Landing Marine Laboratories 

8272 Moss Landing Road 

Moss Landing, CA 98957 

 
Tenera Environmental 

141 Suburban Road 

Suite A2 

San Luis Obispo 

CA 93401 

 

May 14, 2014 

Subject: Comments on the Tenera Environmental Draft Intake Impact 

Assessment report prepared for Deep Water Desal January 2014. 

Dear John and Joe, 

Further to my letter of agreement of effort and compensation for consulting work dated 

November 4, 2013, and discussions in relation to my inputs on the DeepWater Desal 

intake assessment project, please find enclosed my final comments on the draft intake 

report dated January 2014.  

I have focused my inputs on my areas of expertise, namely the integration of the 

science of bulk continental shelf margin circulation and internal wave dynamics into the 

assessment method. I have endeavored to provide a balanced review in an objective 

manner and also recognize the practical constraints on a project of this nature. My 

review does not extend beyond integrating the oceanographic concepts which relate to 

the internal tide and other oceanographic aspects of the Monterey Bay, specifically I 

have not reviewed the biological/ecological aspects of the report in any detail beyond 

gaining context for those parts of the study that apply to my area of expertise. Neither 

have I reviewed the outcomes of the ETM and conclusions of impact in a detailed 

manner as they relate to the ecology of marine ichthyoplankton and invertebrate larval 

populations. 

Specifically I have provided a review of the report’s background material covering the 

circulation and physical oceanographic characteristics of Monterey Bay with a view to 

their relevance to the assessment. I have also reviewed Appendix A, which includes the 

interpretation of the empirical data collected on this project. I have also considered the 

integration of the internal tide concepts in the method used to calculate the ETM. 

Throughout my review I have been mindful of ensuring the report and analysis 

undertaken reflects the points discussed and agreed upon through informal 



conversations over the phone and, specifically, those discussions held during several 

Technical Working Group meetings that I attended in Moss Landing with the project 

team and Pete Raimondi. While these comments constitute my concluding input to the 

assessment, I have also played an active role in guiding and supporting the 

development of the method through this process of dialogue with Tenera scientists and 

the rest of the project team to date. 

Sincerely, 

 

Erika McPhee-Shaw 
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Executive Summary 

1. ES -3.  “The premise of the potential benefit of a deep water 
intake design in reducing entrainment is that larval fish 
concentration at depths proposed are less than the 
concentrations at shallower depths proposed for other 
desalination plants in California”  - I know this study focuses 
only on the question of larval entrainment and perhaps it is a 
bad idea to bring up any other issues, but would it be useful 
to bring up somewhere how much less “fertilizer polluted” 
ocean waters are compared to other central coast de-sal 
plant proposals?  I believe there are proposals to consider 
de-sal plants drawing from the ML harbor or from slant wells 
(to be honest I am not sure where these are supposed to be). 
The Moss Landing harbor water has nitrogen concentrations 
in the 1000s of micromolar range, way above drinking water 
standards, and a lot of groundwater around the Salinas 
Valley does too….. Drawing water directly from the ocean, 
whether at depth or at the surface has may have some 
general benefit compared to these other Central CA coast 
proposals. 
 

The objective of this report was focused on the assessment 
of entrainment effects, however this is an important point 
and we will bring to DeepWater Desal’s attention. It is likely 
to be more appropriately to assess this as part of the broader 
environmental assessment/planning proposal that will take 
place prior to approval of the project permit application. 

2. ES-4. This is the first place you introduce the concept of two 
water bodies. This is good, but I do not think it is clear 
enough to a non-specialist. There’s the concept of 25 m and 
40 m samples and differences between them, and then the 
concept of  “one or the other water body” is also introduced 
here in this paragraph. Because of the importance of this for 
your future argument I think this will need a little more work 
– writing clarification, to make sure it is understandable to a 
lay reader.  

We have added an introductory paragraph outlining the 
premise of the deep intake that incorporates the concept of 
the internal tide.  
 
We have also restructured and expanded the section a little 
to clarify the difference between the statistical comparison 
of the shallow and deep larval fish concentrations (from 25m 
to 40m and compared to shallower than 25m), the larval 
assemblage assessment done on the ‘cold and warm regime’, 
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3. ES-5. I had a funny misunderstanding reading this when I got 
to the section where you referred to “target invert 
estimates” – Maybe I was reading too late at night but I 
started thinking I was supposed to be comparing estimated 
entrainment rates to some kind of regulatory target! And 
then I got really confused because the fish estimates were 
much bigger than the target invertebrate rates. Obviously 
this was a really dumb mistake on my part, but heck, I’m just 
an oceanographer who doesn’t know anything about larvae 
so I can play the part of a novice reader who just might make 
the same mistake…. People do tend to see that word 
“target” and think it has a certain meaning.  

and the way the ETM was calculated to represent this 
difference.  
 
What we mean by ‘target taxa’ has also been clarified and a 
more detailed premise added i.e. the target of the ETM 
assessment and the ones selected are the most abundant 
present in order to ensure the ETM is relatively accurate and 
conservative. 
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Introduction 

4. Page2-2. Section 2.2 “Up-welling” is just “upwelling” And 
then in the rest of this paragraph, careful of a problem that is 
going to become a theme for the rest of this section, which is 
this artificial distinction of upwelling as a “surface water 
phenomenon.” It is not a surface phenomenon, and this idea 
has arisen from papers which used satellite data to illustrate 
upwelling intensity at the surface. These papers were not 
incorrect, but later authors misinterpreted the original 
authors, who were pointing out a surface intensification of a 
signal, to be saying that is “was the manifestation of 
upwelling” and named that surface signature as “upwelling.” 
I know it’s confusing to a non-oceanographer and I apologize, 
but it is frustrating to coastal oceanographers because it has 
resulted in this persistent misconceptions that propagates 
into the (mostly ecological) literature about coastal California 
oceanography. These misconceptions are that 1) upwelling is 
a “band of cold surface water at the coast, with eddies and 
jets that squirt offshore” and that 2) upwelling occurs around 
Point Ano Nuevo and from there advects and wraps around 
to points southward. These statements are descriptions of 
the surface tip of the iceberg only, if that makes sense. And 
they are important for some phytoplankton who exist only at 
the surface, but they mask a great deal going on everywhere 
else in the water column. And especially for this report, 
where you are really focusing on the fact that deeper waters 
do something different from the surface, you may do 
yourself a disservice to allow your readers to fall for the 
same stuff they’ve read in other ecologist’s papers and only 
learn about what they see in satellite data. So keep what’s in 
this page and in figures 2-1 and 2-2 but think about shifting 
the emphasis away from a surface water focus. 

We have added some clarifying statements to the 
introductory paragraph of section 2.2.1 
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5. p. 2-3. End of paragraph. In the Fall, upwelling doesn’t just 
cease to a relaxed state. Instead, there are episodes of wind 
relaxation that punctuate the upwelling-favorable winds and 
the water column tends to shift back and forth between 
upwelling and downwelling and this affects the stratification 
(with implications for your two-water-body model). See our 
recent paper, Cheriton, McPhee-Shaw et al,  JGR 2014.   
 

We have added a clarifying statement to the end of the 
second paragraph of section 2.2.1 and have referenced the 
observations in the Cheriton paper. 
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6. The surface-water focus becomes an issue again on the 2nd 
half of page 2-3 and into page 2-4 in the discussion of the 
“tongue of cold upwelled water originating around Point Ano 
Nuevo and wrapping around into Bay” Yes, this happens 
sometimes, but if you’re going to point it out, point out that 
it happens sometimes, not all the time. Because my worry is 
– How relevant is it to your model? Is it a distraction? I’m 
concerned about this report introduction over-emphasizing 
some of these “interesting” patterns in surface advection 
that have been reported in the literature because they might 
seem to build a case that your ETM back-trajectories are 
“wrong” because they often don’t look like these patterns 
reported in Paduan and Rosenfeld’s paper. But the thing is, 
no one has really done a very thorough statistical analysis of 
what are the most common sets of surface advective 
trajectories (or if they have, I am not aware of it and 
honestly, Leslie Rosenfeld would probably know a lot better 
than I would). My understanding of the pattern in figure 2-3 
is that it’s not that robust of a feature – sometimes it’s there, 
sometimes it isn’t – honestly maybe you should ask Leslie. I 
just do not know. But if you point out these patterns, just be 
careful to say they were published because they are 
interesting and make sense of phenomenon seen often 
enough during a certain season to explain the buildup of 
warm water around the Santa Cruz coast, but that they are 
not statistically robust enough to be an “average” advection 
feature that you will usually find with HF radar. Does this 
make sense? I don’t want you to undermine your own work. 
This same argument applies to figure 2-5. It’s a snapshot in 
time. Interesting yes. Often enough to be general? 
Sometimes. But does it distract from the ETM trajectories? 
Well…. It very well may. Consider the introduction again and 
what you wanted your audience to get out of it.  

An introductory paragraph has now been added clarifying 
this point. 
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7. Comments on internal waves section of introduction. 
 
I’m really impressed by this, just generally as a specialist 
seeing a non-specialist try to tackle this literature (and 
having watched many grad students stumble on it), you did a 
great job. 
 
My main questions were. Did this section properly set the 
stage for a conceptual understanding of the 2-layer or “2-
water body” model used later? And for the most part the 
answer is yes, although I will let you come back and address 
that question yourselves too. You may want to do a bit more 
future work. I think the main work to do in helping complete 
that task will be to move the conceptual understanding away 
from the concept of a bore running up a sloping boundary 
(as it looks in the lab and numerical experiments in figure 2-
8) and get a visual (just make one yourself) that 
demonstrates a basin filling in time with a more boring flat 
interface – that’s how the internal waves act on our coast 
and the canyon isn’t that special – it’s just a place where the 
deep water is much closer to shore so we can access it with 
pipe infrastructure. 
 
A few points on citations. Cheriton in press is now Cheriton 
et al, 2014.  And the figure attributed to Washburn and 
McPhee_Shaw should really be cited to McPhee-Shaw et al, 
2004. Although that probably doesn’t matter.   
 
The last paragraph in this section about the internal wave 
packets propagating around from various locations is neat 
and interesting but it’s not relevant to this study because 
those are nonlinear features with short horizontal 
wavelengths and short periods of only 10 to 20 minutes, 
while your focus is on the good old 12-hour, really long 
wavelength (pretty much flat over the span of the whole  
shelf scale) internal waves, and the two are very distinct. You 
don’t want to mix up these features in readers minds so I 
would recommend dropping this paragraph altogether.  
 

We have included a concluding paragraph for this section 
highlighting the relevance of the internal tide to this study 
and the intake in general.  
 
Figure 2-10 now depicts a schematic representation of the 
internal tide rising and falling in relation to the proposed 
intake structure that is a flatter shape that is a flatter shape 
than previously implied.  
 
The paragraph on internal waves has been removed and the 
section renamed so that it focuses the reader’s attention on 
the internal tide feature in the Bay. 
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8. Introduction 2.3 Ecology. 
 
Why all the first-page intro focus on the weak freshwater 
drainages when you then immediately state that they are not 
the focus of the study? And then again, I have the same 
general question about the emphasis on surface upwelling 
(see above) and affects on seabirds and kelp forests, etc, but 
then the focus of this report seems to be pretty separated 
from these systems. Unless you later make a clear 
connection between benthic larvae and these systems and I 
missed it (which is very likely) this introduction seemed a 
little unfocused on the main points – where are the fish 
larvae. But it could easily be tweaked to hit that point with 
just a few additional words.   
 

The Monterey Submarine Canyon and the rivers which drain 
into the bay are recognizable habitats that contain ecology of 
significant public interest. These locations are acknowledged 
in the report in this manner, but we felt it was important to 
also indicate that these systems do not produce larvae which 
are susceptible to impacts due to entrainment. A clarifying 
paragraph has been included in this section.  
 
 

Appendix A 

9. figure A. 3 is great. It so well illustrates the difference in 
stratification in the summer and how you can have such a 
different water mass at depth in the summer. Definitely 
make use of this for arguing for a different water body in the 
two-water-body model.  
 

 

10. Figure A. 4 is creative and interesting. It seems to get across 
similar points about seasonal temperature differences and 
stratification, in a different and novel way. And then it is 
usefully applied to demonstrating how the difference 
between the cold and warm water bodies was chosen. This 
report documents Tenera’s approach well so that it is 
reproducible and explainable. 
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11. Figure. A.5 The problem with this figure is that the waves are 
never as dramatically “wave shaped” as they are in this 
figure. When the cold water rises and falls it does so in a 
much more flat shape and there isn’t this bulge. It’s just hard 
to show on one fixed figure how that progresses with time, I 
understand, but it may be hard to get across to readers how 
the model works when you use a figure like this. I know 
some of the laboratory internal wave models look like this 
but we know the waves are not this nonlinear (i.e. ratio of 
vertical amplitude to horizontal wavelength is so great) in 
the real world.  

This figure has been amended. See also response to 
Comment 7. 

Methods 

12 Page. 3-16   
 
Regarding this initial sentence: “An internal tide 
phenomenon occurs at the head of the Canyon and at the 
location of the proposed CCWRP intake where there is a 
transition from the warm, surface waters typical of the shelf 
environment, to cold deep water advected out of the Canyon 
itself.”  
Scientifically this just isn’t quite right.   This internal tide 
phenomenon is not limited to the head of the canyon. It’s 
fairly ubiquitous to the coastal region, seen all over the 
central CA shelf. What’s special about this site is that the 
canyon brings deep water so close to the coast, and the 
constant heaving up and down of deep water, which you’d 
otherwise have to go offshore out close to the shelf break, 
probably some 10 to 20 km offshore depending on how wide 
the shelf is, is accessible right at Moss Landing because the 
canyon comes in so close. 

We have amended the introduction of this section to 
accommodate this comment.  



Com. Prof Erika McPhee-Shaw Comments DWD/Tenera Response 

13 Appendix A. physical Data. I like this analysis. Seems like I 
review this already but I thought most of this was really well 
done. Some of the wording wouldn’t match “publication” 
styles for scientific literature but for a report of this nature I 
think it’s fine. The one exception to this was my complaint 
about the extreme tilt of the wave shown in the old version 
of the appendix. (I cannot find the new appendix to review). 
This wave (figure A-5) is pretty misrepresentative of how the 
water behaves and I fear it could mislead people into 
thinking there are big cross-shore gradients in water masses 
that do not exist (and making the conceptual leap to thinking 
the same thing about larvae).   
 

This figure has now been amended.  
See responses to comment 7 and 11. 
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14 Section 3.6.2 and 3.6.3:  In terms of thinking about the cold 
regime proportional entrainment – I think you have come up 
with a sound method for identifying when deep water is at 
the site. Using the deepest of the ADCPs to back-estimate 
the volume using a progressive vector diagram is then 
essentially the same approach to estimating volume that has 
always been used for such entrainment studies, as is my 
understanding. Therefore, I suspect there are no more errors 
inherent in this estimate of volume than there are for 
estimates applied to the surface water body or to any other 
estimate of shelf volume when the ETM approach is used 
with a standard one-layer shelf model. I think you should 
have just as much confidence in this volume as in any other 
volume.  
 
Then the confidence in the whole two-layer approach comes 
down to your showing that there are fewer larvae in the 
deeper waters. But the rest of the data sets reported here 
seem to provide fairy convincing accumulated evidence for 
that, but that is not my field of expertise so we have agreed 
that I will refrain from reviewing the larvae data results 
section of the report. Except to note that I did help the group 
come to a sampling/analysis scheme that involved separating 
out the larvae data sets not just by depth but by cold/warm 
regime, and the clear separation of reduced concentrations 
of larvae in the cold periods is a robust results (page 5-2).  
 

Noted. No further changes required. 
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Conclusions 

15 Figure 5.1 and page 5-11 and page 5-17. As an 
oceanographer who has worked extensively in central CA, 
my general take on your interpretation and conclusion about 
seasonal patterns of stratification and upwelling is that the 
year of your study was pretty average and that yes, the daily 
back-and-forths between cold and warmer waters are seen 
near the canyon head pretty much most of the year, 
regardless of season. Upwelling wasn’t particularly special 
that year. So whatever general conclusions you draw by 
matching timing of various spawning timing to 
oceanographic event or seasonal timing should be valid for 
general years. 
 

Noted. No further changes required. 
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