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BASIC OBJECTIVES

Understanding fish life histories to help
evaluate their population and community
ecology

and
Evaluating both natural and anthropogenic

influences on fishes and their habitats &
ecosystems.



OUTLINE OF TALK

What are Fishes?
Common Characteristics
Evolution, Taxonomy & Diversity of Fishes
Jawless Fishes (Agnatha)
Cartilaginous Fishes (Chondrichthyes: Sharks, Rays, Chimaeras)
Bony Fishes (Osteichthyes)

Life Histories of Fishes Relevant to Impact Assessment
Reproduction (various modes, those producing eggs & larvae)
Development of Fishes (eggs to larvae to juveniles to adults...)
Growth and Age Composition

Recruitment (dispersal, immigration, emigration, mortality, etc.)

Habitats used by different life stages of fishes with different life
styles.



Fish Assemblages by Habitats (Chapters from Allen et al. 2006)
Introduction to Ichthyoplankton (Chapter 11: Moser and Watson) )
Egg & Larval Development
CalCOFI Program
Larval Fish Morphotypes & Pigment Groups
Summary of Larval Assemblages
Temporal Variation in Ichthyoplankton
Decadal
El Nino and La Nina Cycles
Oceanic Regimes (Pacific Decadal Oscillation)
Sardine and Anchovy Example
Seasonal
Variation in Spawning Seasons...
Declining Fish Stocks (& Causes)
Rockfishes (genus Sebastes spp.)
Importance of Recruitment and Oceanic Regimes
CalCOFI Data Series (Moser et al. 2000, CalCOFI Reports)



What is impingement and entrainment?
Basic Methods of Estimation

Fecundity Hindcast (FH)
Adult Equivalent Loss (AEL)
Proportional Mortality (PM)
California Power Plant Ichthyoplankton Entrainment Studies
“Target” Species’ (Steinbeck et al. 2006 CEC)
Larval Fish Entrainment Example Results
Seasonal & spatial variation, time & sizes at risk, etc.)
Example: Diablo Canyon Power Plant (Blackeye Goby)
Research on Ecological Effects of Once-Through Cooling

How to monitor habitat restoration mitigation
Summary



What are Fishes?

(cold-blooded vertebrates with jaws, backbones,
median and paired fins, scales, lateral lines, etc.)

General Types of Fishes

Jawless Fishes

(85 + Si ecies, > 1%)

Cartilaginous Fishes
(1,000 + species, 3.5%)
Bony Fishes
(23,000 + species, 95%)

(Total Number of
Species ~ 25,000+)







Habitats of Fishes in California (Allen et al. 2006)

51

Figure 3. Diagrammatic representation of the relative positioning of the major habitats
derived through cluster analysis.

The Ecology of Marine Fishes

“CALlE‘ORNIA‘ AND ADJACENT WATERS

~f




=

punoyyjoows
Kaib

yieys piedog|

J9yeold uijods

ysyuaanb

jawisyoel

Aroyosue uisypou

B1U104i|eD UIdYInos
dNOZ 44NS




uid|nos
podsiaajls uozaqes

9jos ysi|bug pe
d Aeq :
s

9]0s pues

Jayoeod
geppues papoads yseasqapond

}dwsdoy

P

21010J1|eD UJSY}ION
INOZ J¥NS



feabugs puny

TRy FLnp ey
SERY PURS puEg

YISLAS Y38jG IBYEEID Loy jak

1awsyae]
e A iy

SLNVHOIN INIAVIN

sayanspa el Sj| iy Bjuing|e)

. ﬁi_....-m

updjn s wioybes Kroyaue Apogdasp Lnoysue ybinos

efinw padigs

] H
e “....vu. -

H3LVMHS3HL SNONONAVLYD

S3HVNLST ANV SAVE YINYO4ITVYI N43IHLNOS




qeppues pajysads ysyanbuoy ejuloyes 1epunc) Aues ajos ysybug
i . Kes yeq :

Wieys piedoa) INgey BILIOH|ED

HBWS pns Aoy oue waguou
yauadyns Jauys asaduins apym Bupuay sipsegd

Sy Il B
ANV SLNVYOIN INIMYI

-

.....

YELHHITY B[R]

M3 1VMHSIN ,_ SNOWONAVYNY

S3IHVNLS3I ANV SAVE VINYHO4ITVO 1TVHELN3O



Harbors (like LA) can have several different habitats
and fishes inhabit them.

Macrophyte Bay & Estuary

Associated
e g I‘E T ==

WILLMINGTON
LONG BEACH
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WILMINGTON LONG BEACH
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Coastal Pelagic Surf Zone
Kotk Reef & lnnershell .
By PN =F-




19)e049 3}IyM

- \U/\\fr/

%/
\ o/

|943)9eW Yoel

epnoedieq elulojied

i (

Anoyoue
Apoqdaap

ojuoq ayioed

TN ) S

VINYOLI'TVO NY3JHLNOS
S3103dS IANOZ J19V13d TVLSVOD




ingijey eiuioyjed
j0q.n} papods

SR,
s

P _......m.m,,w
xcg_mw%w
Eppues
yoequioyy uw_m__minw

4

e

g

uewdiyspiw
uyayoeds

sseq pues
paiieq

yasaduns sauiys

GEppIES Uy Suoy ysyuoidioss  sayoeod aixid
ATy eluioj|en
109" 180 joqum T e
peayfuioy

9Je)Ss elUJOJI|ED
uidjnas S
yoeqybnou e,
ysyenbuoy = e =
eiuiojljen (P P2 -
WS Ysyquiod
uidinas LAiS
uiyamojjah aurdsBuoj

|2835N2 aABaM]BYSE(
: )

ysipiez)| ejuiojes

yasadpuns ajym

13yeo.d ajym
ysyuaanb

eIUIOjI|eD) UJayInos
413HS H3NNI




uidnos pjeq jodsuyy joad " ysidioy padins ysyday Jueip SSE(. pues palieq

1plequeb

J W yssadpns
yasadeigaz yoelq
A

yoeqeoud ss0IoSSID uidnos uyjres uldinos-uybuoj

\\Il\ ;,Quaﬂlﬂhf

ysiyyoos
Mojjah pue yoe|q

uozeqed

eSS,

= R

L) 1

(s
o peayssow
//.a
S DR

Lol N
bé:o:o: VIS uidjnos, Asol

uidinos peayAjess

. i 3
g ,‘ @

uid|nas auijeiod

(

\ «NYIHLHON., Yy,

4338 AMOO™ / @39 413X VINYO4ITVD
$3103dS NOWINOD




Different life stages of
fishes with different life
styles often occupy
different habitats.

Eggs, Larvae, YOY, Juveniles, Sub adults, Adults

ESSENTIAL FISH HABITAT (EFH)



It is the juveniles
and adult fishes
that can get
IMPINGED by
power plants
and other
industries

that use once-
through cooling
systems. But,
usually this is
not of major
significance...

The Ecology of Marine Fishes

\CXLLE‘ORMA AND ADJACENT WATERS
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CHAPTER 11

lchthyoplankton

H.G. MOSER AMD W. WATSON

It is the fish eggs
and larvae of
fishes that are
subject to
ENTRAINMENT

by these facilities...

EiQ 3 2. In: The Ecology of Marine F shes: Czliforn 3 anc Adjacen: Waters. 2006,
Jlen

, D Ponds 3, and M H =orn (2ds )L University of California Prezs, Berkeley, 570 oo,



SPAWNING

TRANSFORMATION

Major events in the
life of a fish...

Moser and Watson
(2006) Chapter 11 In:
Allen et al. Book on
Ecology of California
Marine Fishes



9.6 mm

3L0mm
FIGURE 11-3 Developmental stages of northern anchovy (Engraulis FIGURE 11-4 Developmental stages of northern anchovy (Engraulis
mordax) eggs (modified from Moser and Ahlstrom, 1985). A: Stage I; B: mordax) larvae. A: yolk-sac stage, 2.5 mm; B: preflexion stage, 5.0 mm;
early Stage II; C: Stage II; D: Stage III; E: Stage IV; F: Stage V; G: Stage - C: early flexion stage, 9.6 mm; D: late flexion stage, 11.5 mm;
VI; H: Stage VII; I: Stage VIII; J: Stage IX; K: Stage X; L: Stage XI. A-D _ E: postflexion stage, 18.4 mm,; F: transformation stage, 31.0 mm.

are “early stage”; E-F are “middle stage”; G-L are “late stage.” , lllustrations from Kramer and Ahlstrom (1968).

Moser and Watson (2006) Chapter 11 In: Allen et al.
Book on Ecology of California Marine Fishes



Development
of organs &
capabilities of
fish larvae....

Behavior

(Sensory Mechanisms
Vision

Lateral line

Respiration

Larval period

novements

Filter feeding

Functional eye

Increase in number |

Firat rods

Scotopic vision Rod recruitment continues

— N

Many rods

=

Canal formation
|

First
RBC's

Epi

lhick%ns

dermis|

Gill respiration

™
Scale formation

Cutaneous res

Superficial Midline
Red muscle 1 layer 2-3 layers 3-4 layers 7-8 layers
i W W W
(Swimming Abilities)
Revynolds number Inertial
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Moser and Watson (2006) Chapter 11 In: Allen et al. Book on Ecology of California Marine Fishes



LARVAE (ESPECIALLY ROCKFISHES) ARE REALLY
DIFFICULT TO IDENTIFY... SOME MORPHOTYPES...

Fish larvae with elongate,
ornamented spinous, or segmented
fin-rays...such as some
lanternfishes and flatfishes.

Fish larvae with elongate soft tissue
structures...includes deep-sea eels, CHAPTER 11
dragonfishes, smelts, and lanternfishes,
plus flatfishes, etc.

[chthyoplankton

H.G. MOSER AND W. WATSON



Morphotypes,
continued....

Fish larvae with enlarged or
elaborate fins... includes many
deep-sea fishes, plus rockfishes
(family Scorpaenidae, genus
Sebastes), etc.

Fish larvae with enlarged spines on
head and/or pectoral girdle... CHAPTER 11
includes some rockfishes (family
Scorpaenidae, genus
Sebastes), and flatfishes, etc.. H.G. MOSER AND W. WATSON

lchthyoplankton



But, first you have to sample these
fish larvae.... '

It requires a vessel
And a winch and a-frame
And one or more plankton nets

And lots of time to cover all months and depths
that are of interest relative to the intake of the

CWIS...
And jars in which to store the preserved samples..

$$$$$$



Then, you have to sort through all
the zooplankton, pulling out the
fish larvae....

e This requires lots of people
 And a lot of time
 And expertise at identifying the larvae

e And lots more time to count and measure
the larvae

 And, then there is the data analysis...

$SSSHHH$S



You get lists of all taxa collected and
these larvae can be placed into recurrent groups....

FIGURE 11-7 Becurrent groups and thel
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A GENYONEMUS Group

Genyonemus lineatus

Citharichthys spp.

Pleuronichthys verticalis

Engraulis mordax eggs
Citharichthys spp. eggs

Pleuronichthys verticalis eggs

B STENOBRACHIUS Group

Lepidogobius lepidus

Leuroglossus stilbius eggs

C  SARDINOPS EGG Group

Pleuronichthys ritteri

Sardinops sagax eggs

; GOBY G;;\

&

E SARDINOPS LARVAE Group

Sardinops sagax

Pleuronichthys ritteri eggs

Gobiidae Type D

For example, here are

five recurrent groups

of fish larvae from
CalCOFI coastal

samples, southern
California

Continental Bight,
1954-1960. Virtually, all of
these are commonly

entrained, especially the
Gobies.

FIGURE 11-24 Members of the
Genyonemus (A), Stenocbrachius (B,
Sardinops Egg (C), Goby (D), and
Sardinops larvas (E) coastal ichthyoplank-
ton assemblages of the Southern
California Bight (MoGowen, 1593). All
Mustrations are from publications by
perscnnel at SWESC and are reproduced
from Moser (1996), where original
attributions can be cbtained.

CHAPTER 11

Ichthyoplankton

H.G. MOSER AND W. WATSON



A Southern California B Central California

In many coastal
power plants,
these bay and
estuarine

larval fish
groups are

C Northern California Comm()nly

’ entrained.

Clevelandia ios

Gillichthys mirabilis

CHAPTER 11

Lepidogobius lepidus

Ichthyoplankton
FIGURE 11-32 Characteristic taxa of bay and estuarine larval fish assemblages of (A) southern California, (B) central California, and {C) north-
ern California. Mest llustrations are from publications by persormel at SWFSC and are reproduced from Moser (1996), where original attribu-
tions can be obtained; Anchoa spp. from Caddell (1988), Atherinops affinis and Clupea pallasi from Matarese et al. (1989), and Cottidae from H.G. MOSER AND W. WATSON
Richardson and Washington (1980).



Many coastal fish species in California have suffered
population (and fishery) declines...For example,
the Pacific Sardine in California (1916-1995)

15- aa 300

:

Pacific Sardine
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Starr et al. 1998



The question is are these
changes natural or
anthropogenic?

REVIEW

From Anchovies to Sardines and Back:
Multidecadal Change in the Pacific Ocean

Francisco P. Chaver,”™ John Ryan,” Salvador E. Lluch-Cota ? Miguel Nigquen C.?

CLIMATE

dance data (49) and anchovy and sardine
In the Pacific Ocean, air and ocean temperatures, atmospheric carbon dicxide, landings landings off Peru (Fig. 1G). The seabird
of anchovies and sardines, and the productivity of coastal and open ocean ecosystems record. compiled from guano harvest and di-
have varied over periods of about 50 years. In the mid-1970s, the Pacific changed from rect bird counts. extends back to the early
a cool "anchovy regime” to a warm “sardine regime." A shift back to an anchovy regime 1900, The seabirds are represented primarilir
occurred in the middle to late 1990s. These large-scale, naturally occurring variations by a single species, the cormorant [PMIM
must be taken into account when considering human-induced climate change and the corar bongamuilith), which feeds almost
management of ocean living resources. exclusively on anchoveta (the anchovy, En-

graulis ringens). The ecosystem index sug-

pests @ regime shift in the mid-1990s (Fig.

I andings of sardines show synchronouz  Climate Indices and Regime Shifts L Fy; the sardine catch decreased from 4 mil-
wariafions off Taran Califarmis Pem and licm metric toms in the Tate 1980 to 40000

www.sciencemagorg SCIENCE VOL 299 10 JANUARY 2003

(Chavez et al., 2003)

There have been decadal cycles
caused by climate and oceanographic
features...as well as fisheries. And,
over 2,000+ years...
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Fig. 1. Anomalies of (A) global alr temperature, with the long-term increase removed (8); (B) the
Pacific decadal cscillation (PO index [%C), derived from principal component analysis of Morth
Pacific 55T [10); (€] the atrrespheric croulation index [(ACH), which describes the relative domi-
nance of zonal or meridional atmospherc transport in the Atlantic-Eurasian reglon (9 (¥
atmospheric CO, measured at Mauna Lea [parts per millien) with the long-term anthropogenic
increase removed (71 (E) the regime indicator seres (RIS) that integrates global sardine and
anchowy fluctuations (5); and (F) a southeastern tropical Pacific ecosystemn index based (19) on [G)
seabird abundance and anchoveta and sardine landings from Peru, All series have been smocthed
with a 3-year running mean.



Hypothetical Regime Oscillation Index
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(Chavez et al., 2003)
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Declining rockfish stocks
have also led to concern
about their sustainability
to harvest rate

From: Ralston. S. 1998. The
status of federally managed
rockfish on the U. S. west coast,
pp- 6-16. In: M. Yoklavich (ed.),
Marine Harvest Refugia for West
Coast Rockfish.



Recruitment

(Carr and Syms 2006, Chapter 15 in Allen et al.
2006)




Lagged Recruitment

For Sebastes, recruitment variability
largely determines stock productivity

50,000 5 9,000
I “cool” regime
45,000 - - 8,000
40,000 A . -
“warm” regime 7,000
35,000 - - 6,000 S
o
30,000 - 3
- 5,000 O
25,000 - _ g
0 - 4,000 S
20,000 - [ Recruitment S
: . B )
15,000 - - — Spawning 3,000
~_ :

10,000 - - 2,000

5,000 - H _ 1,000
0 ”EDDDDDHHH””DDDD”””HHHBDD=D=~ﬂ 0

1960 1965 1970 1975 1980 1985 1990 1995 2000

Taken from: MacCall, A. D. 2003. Bocaccio Rebuilding Analysis for 2003 (Draft 2,
May 2003). Pacific Fishery Management Council, Portland, Oregon, 14 p.



MOSER ET AL ABUMDAMCE AMD DISTRIBUTICMN OF ROCKFISH LARVAE
CalCOF Rep., Vol 41, 2000

Decadal effects on
rockfish spawning
(density of larvae)

MOISER ET AL: ABUNDANCE AMD DISTRIBUTION UF ROCEFISH LARYAE
CalCOF Rep., Vol 41, 2000
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Figure 1. Total Calitornia rockhish landings by he commaercial fleet in

Calitorniz and toial commarncial passanger ishing visse ICPFW) catch far
southem Calilornia. Daka for commercial landings are from Thomas Barnes,
Caidnrmz Depanment of Fish and Game {pes. LT |; data for CPFY catch
are from Califomia Department of Fish and Game CPFEY logbeoks (3ee Hil
prd Barmas 1998). CFFY calch is appaosimatily ona-hall of tha lolal recra
ational cFcn.

ABUNDANCE AND DISTRIBUTION OF ROCKFISH (SEBASTES] LARVAE IN THE
SOUTHERN CALIFORNIA BIGHT IN RELATION TO ENVIRONMENTAL

CONDITIONS AND FISHERY EXPLOITATION

H. GECFFREY MOSER, RICHARD L, CHARTER. WILLIAM WATSON, DAVID A AMBROSE,

JOHM LBUTLER. SHARON R, CHARTER, AMLEY El ALME bl SANDENNOP
Southwest Fishenes Science Center
Plational Manoe Fisheries Sevv
B0 Box 274
Lz Jella, Calitornia 920381271
grsserEiucsd sdu

FACSER ET AL: ABUNDANCE AND THSTRIBUTION OF ROCKFISH LARVAE
CalCOF Rep., Vol. 41, 2000
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and 2000 m.




MOSER ET AL : ABUMDAMCE AMD DISTRIBUTION OF ROCKFISH LARWAE
CalCOF| Rep., Val. 41, 2000

Decadal effects on rockfish spawning (density of larvae)

TABLE 1

Average Decurrence (Proportion of Positive Tows) and Abundance (Larvae per 10 mxj for Larvae of

Six Sebastes Taxa during Cool (1951-76) and Warm (1977-%8) Regimes in the Southern California Bight Region
Proportion of positive tows Average larvae per 10 it
Coal W anm Percentage Conl Warm Percentape
Taxomn regime regime change regime reEine change
Sebastes spp. 1560 [ 112 27465 30,79 +11.4
S PRI A1 LN e+ Gl.3 .60 224 3.4
N, lewis QIRAES fLAH2 —45.0 LN E: (L% —Hi.3
5. yordain 1154 (.22 =436 17.41 13.77 =209
5. anetnz A (03 —6h.7 LU 036 )
5. deplemrn [InE? LIKAE —id 3 i, (1,35
8. fevis 8. jordani

B

PROPORTION POSITIVE
PROPORTION POSITIVE

LARVAE PER 10 m?
LARVAE PER 10 m?

1950 1955 1960 1265 1970 1375 T0B0 1985 1990 1995 2000 1950 1955 1960 1965 1870 1875 1980 1885 1990 1935 2000
YEAR YEAR




Effect of El Nino and La Nina on Rockfish Recruitment
(Carr and Syms 2006, Chapter 15 in Allen et al. 2006)

100 A

75
?:’ 50 - ' - | Midwater
'E 25 e - | RF Complex
< 07
> 25 -
3 50
- Benthic RF Complex

100 -

El Nino La Nina La Nada
1998 1999 2000

FIGURE 15-5 Relative : |
recruits (light gray bars above the line) relative to ben-tl;nc cr_’}‘mplex
rockfish recruits (black bars below line). El Nifio conditions favor 1
recruitment of the benthic complex, whereas La Nina favors recruit-
ment of the midwater complex. During normal years, abundances are
more equitable.



Seasonal Effects on Larval Fish Recruitment...
Fish Reproduce at different time of the years.

MCSER ET AL ABUNDANCE AMD DISTRIBUTION OF ROCKFISH LARVAS
CalCOF Rep., Vil 41, 2000
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And, what is
IMPINGEMENT

and

ENTRAINMENT?



Thermal Effects, Impingement and Entrainment

Power Plant

AN Warm water exits plant to open ocean Warm cooling
water and high

Larvae are velocity Kkills

ENTRAINED small organisms
and propagules
(eggs, larvae and
spores)

Fishes (and
other organisms)
ENTRAINED
in cool source
water

Here is where ID of
Fish larvae is problematic.

Traveling Screens
/IMPINGE larger organisms

Trash (fish and other organisms
lost to impingement)

Source:
Pete Raimondi




Entrainment and Impingement
Losses

Estimation of Impingement
Estimation of Entrainment

Estimation of Ecological Effects due to
Entrainment and Impingement



Results of Impingement Study (9/99 - 9/00)
Morro Bay Power Plant
Fish

h
Pacific staghorn sculpin other other

2% 10% Pac 9%
speckled sanddab
3% cabezo!
plainfin midshipmen 2%
5% northern anchovy
bat ray 399
4%
topsmelt
6%

plainfin midshipmen
13%

northern anchovy
74 %

thornback
17 %

Abundance Biomass

78,000 individuals, 2,800 lbs per year



Results of Impingement Study (9/99 — 9/00)
Morro Bay Power Plant
Invertebrates ..

10% 9%

moss crab

1%
brown shrimp °

0, -
2% hairy rock crab Xantus' swimming crab
cryptic kelp crab 4% 26%
29% market squid
349% red rock crab

spotted bay shrimp 4%
2% black-tailed bay shrimp
purple sea urchin 4%
2%
octopus
cancer crabs 5%

5%
northern kelp crab northern kelp crab
6% 7%
brown rock crab ) ) brown shrimp brown2 1r;ck crab
6% black-tailed bay shrimp 9% o
. 14%
hairy rock crab market squid
O,
% Xantus' swimming crab 11%
9%
Abundance Biomass

55,000 individuals, 849 lbs per year



RESEARCH NEEDED TO BETTER UNDERSTAND THE
ECOLOGICAL EFFECTS OF ONCE-THROUGH
COOLING SYSTEMS

Impingement

1. Investigate adult fish behavior relative to
intakes as the results would improve intake
design and impact prediction (e.g., effects of
turbulence, structure, velocity)

2. Engineering structures to prevent fishes and
other organisms from getting close to the
intake screens.



Entrainment and Impingement
Losses

Estimation of Impingement
Estimation of Entrainment

Estimation of Ecological Effects due to
Entrainment and Impingement



Typical reproduction and survivorship for
larval producing organisms
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Source:
Pete Raimondi



Importance of larval losses due to entrainment

| i

Larvae Loss of ??2?
Adult fish

Question: How to estimate losses to adult populations?

Source:Pete Raimondi



Need to know which species are likely to be susceptible
to larval entrainment:

NO YES

Closed System (no larval phase:

live bearers...) Open System (have a larval phase)

Adults
Adults Larvae Settlement Adults
Growth Reproduction|
Reproduction Growth
Settlement
Surf Perches Gobies Herring
Sharks Blennies Clams
Rays Sculpins Crabs

Source: Pete Raimondi



Need determine period when larvae are at risk

(Remember the size/age at which they can swim
and sense predation — or power plants...)

Larval Period

Not at Risk E Not at Risk

d = days at risk (determined from

entrainment samples)

Example Larval Period
® Unidentified Goby 90-120 days??
® Shadow Goby Up to 60 days
® Combtooth Blenny 90 days
® Staghorn Sculpin 56 days
® Jacksmelt Unknown

Source:Pete Raimondi

Days at Risk

4.2 days
2.1 days

4.0 days
15.5 days
9.7 days

20.7 days
5.1 days

8.1 days
25 days
24.8 days



Estimation of Adult Losses Average larvae produced
per female (per year) =Fecundity

100,000 “—
Every 1000 individuals entrained
represents 100,000 larvae or 1 adult
female . .
= Fecundity Hindcast
= 99 %
=
>
o v—
ﬁ |_I
: |
e
1000 \
Every 1000 individuals entrained
100 \w Adult Equivalent Loss
| 99.9 % 4\
T Age Average number of adults
Age when larvae are produced per reproductive
entrained event

Source:Pete Raimondi



Example: Diablo Canyon Nuclear
(Nucular?) Power Plant

124° W 120° W 116°W
~ 42°N ESTERQ
BAY
- 38"N
Point
Buchon
PACIFIC
2 OCEAN
DIABLO CANYON _ 34N
POWER PLANT Area of Detai
Point San Luis
% Intertidal Zone
~N
100 m
Unit1 piaLO CANYON
POWER PLANT
Unit 2
(’”’\\ Diablo
4
-t L
\\%;?
Metesorological Tower
PACIFIC
OCEAN
5 ) )
Breakwaters V\‘?‘\Q )
A
Patton Cove
3

Figure 3-1. Location of Diablo Canyon Power Plant.

Does this look like the CalCOFI grid?

[+ o °
Morro Rock 1247 W 1200W 116 w

- 42N

DIABLO CANYON
POWER PLANT
and area of detall

321° True North

-~~~ 60 meters
—~— 40 meters
=/ 20 meters

PACIFIC
OCEAN

221° True North

d

Onshore

Current \1210 True North
‘ﬁ Alongshore

Current

Point San Luis
w

b

Figure 4-3. DCPP 316(b) study grid and depth contours.
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5.2.10 Blackeye Goby
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5.2.10 Blackeye Goby
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RESEARCH NEEDED TO BETTER UNDERSTAND THE ECOLOGICAL
EFFECTS OF ONCE-THROUGH COOLING SYSTEMS

Entrainment ( * = priorities)

1. Identify species that would best serve as indicators of impact on
all species entrained (to improve Habitat Production
Foregone/mitigation analyses).

*2. Determine life history parameters to accurately estimate
impacts on populations of indicator species (e.g., fecundity,
size-specific survival, egg and larval durations).

*3. Develop entrainment sampling methods needed to accurately
determine impacts on indicator species.

*4, Identify species with 'special status' likely to be entrained, and
do 2. & 3. for them (e.g., threatened, endangered).

5. Investigate larval fish behavior relative to intakes as the results
would improve intake design and impact prediction.

6. Refine nearshore oceanographic and larval dispersal models to
improve estimations of source waters.



Entrainment and Impingement
Losses

Estimation of Impingement
Estimation of Entrainment

Estimation of Ecological Effects due to
Entrainment and Impingement

(How i1t relates to mitigation & monitoring)



What do we need to know about adults?
Something about their densities and habitats to assess
where larvae are coming from
(e.g. Monitor mudflat and tidal creek fishes
like blennies or gobies in estuaries)

Recent results from three estuaries in southern California
provide examples of how different tidal habitats are sampled.
Here are some techniques for estimating goby densities at
different tidal heights.

(Personal communication from Drs. Steve Schroeter, Mark Page, and
Dan Reed, UCSB)
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Sample site at San Elijjo lagoon

center of channel

S Enclosures at 4’ tidal elevation tidal elevation ~ 1.75°
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Arrow goby density (no. per 0.43m?)
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Summary

Scientists need to know the life history of fishes to evaluate
their impingement and entrainment.

These need to be size-, stage-, and/or age-specific life
history traits.

Habitat utilization patterns of fish life stages need to be
better understood.

Dispersal processes relative to ocean currents, are essential
to determine the larval source water body to evaluate
power plant entrainment mortality more accurately.

Impingement and entrainment models need to be agreed
upon and used widely.

Results need to be translated into mitigation policies that
have a close nexus to the impact on fish populations, if
possible.




