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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

(John Steinbeck will describe in detail)
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
Mitigation (Pete Raimondi will describe)
Effect on Adult Fish Populations (Ditto)
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 + Species, > 1%)

Cartilaginous Fishes 
(1,000 + species, 3.5%)

Bony Fishes 
(23,000 + species, 95%)(Total Number of

Species ~ 25,000+)



Life History Characteristics of Fishes



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











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









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…

It is the fish eggs
and larvae of
fishes that are 
subject to
ENTRAINMENT
by these facilities…



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

Major events in the
life of a fish…

START

Can be ENTRAINED(if free-living…)

Can be IM
PINGED



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



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

Development
of organs &
capabilities of
fish larvae.…

(Swimming Abilities)

(Sensory Mechanisms)



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

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

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



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

Morphotypes,
continued….

Fish larvae with enlarged spines on 
head and/or pectoral girdle…
includes some rockfishes (family
Scorpaenidae, genus
Sebastes), and flatfishes, etc..



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….
• This requires lots of people
• And a lot of time
• And expertise at identifying the larvae
• And lots more time to count and measure

the larvae
• And, then there is the data analysis…

$$$$$$$$$



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



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.



In many coastal
power plants, 
these bay and
estuarine
larval fish
groups are
commonly
entrained.



Sardinops sagax

Many coastal fish species in California have suffered
population (and fishery) declines…For example,

the Pacific Sardine in California (1916-1995)

Starr et al. 1998



(Chavez et al., 2003)

The question is are these 
changes natural or 
anthropogenic?

There have been decadal cycles
caused by climate and oceanographic
features…as well as fisheries. And,
over 2,000+ years…



(Chavez et al., 2003)

Hypothetical Regime Oscillation IndexHypothetical Regime Oscillation Index

Rapid 
Shift

Gradual 
Shift



Cowcod
Butler et al. (1999)
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Black Rockfish
Wallace et. al (1999)
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Bocaccio
MacCall et al. (1999)

0%

20%

40%

60%

80%

100%

1960 1965 1970 1975 1980 1985 1990 1995 2000

Blackgill Rockfish
Butler et al. (1998)
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Canary Rockfish
Crone et al. (1999) &
Williams et al. (1999)
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Pacific Ocean Perch
Ianelli & Zimmerman (1998)
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Widow Rockfish
Ralston & Pearson (1997)
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Yellowtail Rockfish
Tagart et al. (1997)
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Chilipepper
(Ralston et al. 1998)
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Lingcod
(Jagielo et al. 1997)
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Recruitment
(Carr and Syms 2006, Chapter 15 in Allen et al. 

2006)



For For Sebastes,Sebastes, recruitment variabilityrecruitment variability
largely determines stock productivitylargely determines stock productivity
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Taken from:  MacCall, A. D.  2003.  Bocaccio Rebuilding Analysis for 2003 (Draft 2, 
May 2003).  Pacific Fishery Management Council, Portland, Oregon, 14 p.

“warm” regime

“cool” regime



California Cooperative Oceanic Fisheries Investigations (CalCOFI) 
Oceanography & Ichthyoplankton Sampling Grid

Decadal effects on 
rockfish spawning 
(density of larvae)



Decadal effects on rockfish spawning (density of larvae)



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

Midwater
RF Complex

Benthic RF Complex



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

Summer
Spawners

Winter
Spawners



And, what is

IMPINGEMENT

and

ENTRAINMENT?



Trash (fish and other organisms
lost to impingement)

Power Plant
Warm cooling 
water and high
velocity kills 
small organisms
and propagules
(eggs, larvae and 
spores)

Warm water exits plant to open ocean

Traveling Screens 
IMPINGE larger organisms

Fishes (and
other organisms)
ENTRAINED
in cool source 
water

Thermal Effects, Impingement and Entrainment

20o F

Larvae are
ENTRAINED

Here is where ID of
Fish larvae is problematic.

Source: 
Pete Raimondi



Entrainment and Impingement 
Losses

Estimation of Impingement

Estimation of Entrainment

Estimation of Ecological Effects due to 
Entrainment and Impingement



northern anchovy
74%

topsmelt
6%

plainfin midshipmen
5%

speckled sanddab
3%

Pacific staghorn sculpin
2%

other
10%

northern anchovy
39%

topsmelt
14%

plainfin midshipmen
13%

thornback
17%

other
9%Pacific sardine

2%

cabezon
2%

bat ray
4%

Abundance Biomass

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

Fish

78,000 individuals,  2,800 lbs per year



Abundance Biomass

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

Invertebrates
market squid

34%

black-tailed bay shrimp
14%

hairy rock crab
7% Xantus' swimming crab

9%

other
10%

moss crab
1%

brown shrimp
2%

cryptic kelp crab
2%

spotted bay shrimp
2%

purple sea urchin
2%

cancer crabs
5%

northern kelp crab
6%

brown rock crab
6%

Xantus' swimming crab
26%

brown rock crab
21%

northern kelp crab
7%

other
9%

hairy rock crab
4%

red rock crab
4%

octopus
5%

black-tailed bay shrimp
4%

market squid
11%

brown shrimp
9%

55,000 individuals,  849 lbs per year



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.

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

COOLING SYSTEMS



Entrainment and Impingement 
Losses

Estimation of Impingement 

Estimation of Entrainment

Estimation of Ecological Effects due to 
Entrainment and Impingement



1 female 100,000 larvae 100 juveniles 2 adults

Mortality Rate
99.9% 98%

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



?

Importance of larval losses due to entrainment

Larvae Loss of ????
Adult fish

Question: How to estimate losses to adult populations?

Source:Pete Raimondi



SettlementAdults Adults

Reproduction Growth

Open System (have a larval phase) 

Adults 

ReproductionGrowth

Closed System (no larval phase:
live bearers…) 

Settlement

Larvae

Surf Perches
Sharks
Rays

Gobies
Blennies
Sculpins

Herring
Clams
Crabs

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

YESNO

Source: Pete Raimondi



Larval Period
At Risk Not at Risk

Need determine period when larvae are at risk
(Remember the size/age at which they can swim 

and sense predation – or power plants…)

d = days at risk (determined from
entrainment samples)

Shadow Goby Up to 60 days

Combtooth Blenny 90 days

Staghorn Sculpin 56 days

Jacksmelt Unknown

Example Days at Risk       
Mean                             Max

Larval Period

Not at Risk

Unidentified Goby 90-120 days??

2.1 days

4.0 days

15.5 days

9.7 days

4.2 days

5.1 days

8.1 days

25 days

24.8 days

20.7 days

Source:Pete Raimondi



100,000
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Average larvae produced
per female (per year) =Fecundity

Average number of adults 
produced per reproductive 
event

Age when larvae are 
entrained

1000

Every 1000 individuals entrained
represents 100,000 larvae or 1 adult 
female

Every 1000 individuals entrained
represents 1 adult

Fecundity Hindcast

Adult Equivalent Loss

99%

99.9%

Estimation of Adult Losses

Source:Pete Raimondi



Does this look like the CalCOFI grid?

Example: Diablo Canyon Nuclear 
(Nucular?) Power Plant















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.

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



Entrainment and Impingement 
Losses

Estimation of Impingement

Estimation of Entrainment

Estimation of Ecological Effects due to 
Entrainment and Impingement
(How it 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)





Overview of Los Penasquitos lagoon

sample site

250 m

Los ��������	
�Lagoon

Aerial photograph by Bruce Nyden, October 1994



Sample site at San Elijo lagoon

poles for gauging water
depth and tidal elevation

Enclosures at 4’ tidal elevation
1.5’ water depth

center of channel 
tidal elevation  ~ 1.75’
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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.


