
REFFPENCE COPY 
Do Not  Remove from the Library 

U. S. Fish and Wildl i fe Service 
National Wetlonds Research Center I 

Biological Report 82(11 .g2) iU\) Cajun ~ o m e  ? B U ~ ~ ~ I L J  
January 1989 1 afa~et%.  Louisiana 70506 TR EL-82-4 

Species Profiles: Life Histories and 
Environmental Requirements of Coastal Fishes 
and Invertebrates (Pacific Southwest) 

AMPHIPODS 

CALIFORNIA 

Fish and Wildlife Service 
Coastal Ecology Group 

Waterways Experiment Station 

U.S. Department of the Interior U.S. Army Corps of Engineers 



B i  01 og i  ca l  Repor t  82( 11.92) 
TR EL-82-4 
January 1989 

Species P r o f i l e s :  L i f e  H i s t o r i e s  and Environmental  Requirements 
o f  Coasta l  F ishes and I n v e r t e b r a t e s  ( P a c i f i c  Southwest) 

AMPHIPODS 

Dan ie l  J. Grosse and G i l b e r t  B. Pauley 
Washington Coopera t i ve  F i s h e r y  Research U n i t  

School o f  F i s h e r i e s  
U n i v e r s i t y  o f  Washington 

S e a t t l e ,  WA 98195 

P r o j e c t  O f f i c e r  
Dav id  Moran 

Na t i ona l  Wetlands Research Center  
U.S. F i s h  and W i l d l i f e  Se rv i ce  

1010 Gause Bou levard  
S l i d e l l ,  LA 70458 

Performed f o r  
Coasta l  Ecology Group 

Waterways Experiment S t a t i o n  
U.S. Army Corps o f  Engineers 

Vicksburg,  MS 39180 

and 

U.S. Department o f  t h e  I n t e r i o r  
F i s h  and W i l d l i f e  Se rv i ce  
Research and Development 

Na t i ona l  Wet1 ands Research Center  
Washington, DC 20240 



This  s e r i e s  may be referenced as fo l lows:  

U. S. F i s h  and W i l d l i f e  Service. 1983-19-. Species p r o f i l e s :  1 i f e  h i s t o r i e s  
and environmental requirements o f  coas ta l  f i shes  and i nve r teb ra tes .  U. S. F i s h  
W i l d l .  Serv. B i o l .  Rep. 82(11). U.S. Army Corps o f  Engineers, TR EL-82-4. 

Th i s  p r o f i l e  may be c i t e d  as fo l lows:  

Grosse, D.J., and G.B. Pauley. 1989. Species p r o f i l e s :  l i f e  h i s t o r i e s  and 
environmental requirements o f  coas ta l  f i s h e s  and i nve r teb ra tes  ( P a c i f i c  
Southwest)--Amphipods. U.S. F i s h  W i l d l .  Serv. B i o l .  Rep. 82(11.92) . U.S. Army 
Corps o f  Engineers, TR EL-82-4. 17 pp. 



PREFACE 

This species p r o f i l e  i s  one o f  a se r ies  on coasta l  aquat ic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spor t ,  commercial, o r  eco log ica l  importance. The p r o f i l e s  
are  designed t o  prov ide coastal  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t he  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
requirements o f  t he  species and t o  descr ibe how populat ions o f  t he  species may be 
expected t o  reac t  t o  environmental changes caused by coasta l  development. Each 
p r o f i l e  has sect ions on taxonomy, 1 i f e  h i s t o r y ,  eco log ica l  r o l e ,  environmental 
requirements, and economic importance, i f  app l icab le .  A t h ree - r i ng  b inder  i s  
used f o r  t h i s  se r ies  so t h a t  new p r o f i l e s  can be added as they are  prepared. 
This p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U. S. Army Corps o f  Engineers 
and the U.S. F i sh  and W i l d l i f e  Service. 

Suggestions o r  questions regarding t h i s  r e p o r t  should be d i rec ted  t o  one of 
t he  f o l l  owing addresses. 

In format ion  Transfer  S p e c i a l i s t  
Nat ional  Wetlands Research Center 
U.S. F i sh  and W i l d l i f e  Serv ice 
NASA-Slidell Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
At tent ion :  WESER-C 
Post O f f i c e  Box 631 
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CONVERSION TABLE 

M e t r i c  t o  U.S. Customary 

Mu1 t i p l y  

m i l l i m e t e r s  (mm) 
cen t imete rs  (cm) 
meters (m) 
meters (m) 
k i l omete rs  (km) 
k i l omete rs  (km) 

To Obta in 

inches 
inches 
f e e t  
fathoms 
s t a t u t e  m i l e s  
n a u t i c a l  m i l e s  

square meters (m2) 10.76 
square k i  1  ometers (km2) 0 .3861 
hectares (ha) 2 .471 

square f e e t  
square m i l e s  
acres 

l i t e r s  (1) 
cub ic  meters (m3)  
cub ic  meters (m3)  

ga l  l ons  
cub ic  f e e t  
a c r e - f e e t  

m i l l i g r a m s  (mg) 
grams (g)  
k i lograms (kg) 
m e t r i c  tons (t) 
m e t r i c  tons (t) 

ounces 
ounces 
pounds 
pounds 
s h o r t  tons 

k i l o c a l o r i e s  ( k c a l )  
Ce ls ius  degrees (OC) 

B r i t i s h  thermal u n i t s  
Fahrenhei t  degrees 

U . S .  Customary t o  M e t r i c  

25.40 
2.54 
0.3048 
1.829 
1.609 
1.852 

inches 
i nches 
f e e t  ( f t )  
fathoms 
s t a t u t e  m i l e s  ( m i )  
n a u t i c a l  m i l e s  (nmi) 

m i l l i m e t e r s  
cen t imete rs  
meters 
meters 
k i l omete rs  
k i  1 ometers 

square f e e t  ( f t 2 )  
square m i l e s  ( m i 2 )  
acres 

square meters 
square k i  1  ometers 
hectares 

gal  1  ons (ga l  ) 
cub ic  f e e t  ( f t3 )  
a c r e - f e e t  

1  i t e r s  
cub ic  meters 
cubic  meters 

ounces (oz)  
ounces (oz)  
pounds ( l b )  
pounds ( l b )  
s h o r t  tons ( t o n )  

m i l l i g r a m s  
grams 
k i  1  ograms 
m e t r i c  tons 
m e t r i c  tons 

B r i t i s h  thermal u n i t s  (Btu)  
Fahrenhei t  degrees (OF) 

k i l o c a l o r i e s  
Cel s i  us degrees 
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Figure  1. A gammaridean amphipod ( f rom Staude e t  a l .  1977). 

AMPHI PODS 

NOMENC LATURE/TAXONOMY/RANGE 

S c i e n t i f i c  name.. ........... .Amphipoda 
P re fe r red  common name. ........ Amphi pod 

(Figure 1) 
Class ........................ Crustacea 
Subclass .................. Malacostraca 
Order ........................ Amphipoda 

..... Suborders .Gammaridea, Hyperi idea, 
Capre l l  idea, I n g o l  f i e l l  idea (F igure  
2) 

Geographic range: This r e p o r t  focuses 
l a r g e l y  on t h e  suborders Gammaridea 
and Hyper i idea because o f  t h e i r  
importance i n  coasta l  waters o f  t he  
Pac i f i c  coast  reg ion  o f  t he  South- 
western Un i ted  States (Figure 3). 
Many o f  t h e  C a l i f o r n i a  amphipod 
species are  ub iqu i tous  a long the  
P a c i f i c  coast  and extend northward 

i n t o  Oregon and Washington and 
southward i n t o  Baja C a l i f o r n i a  
(Barnard 1969a). Gammaridea a re  t h e  
most abundant and d iverse  group of 
amphipods. A t a b l e  o f  nor thern  and 
southern amphipods was assembled by 
Barnard (1969a). More than 25% of 
t h e  amphipods i n  C a l i f o r n i a  are  of 
unknown geographic a f f i n i t y .  About 
one - th i rd  o f  southern C a l i f o r n i a  
species a re  "cosmopol i tan  ," and 
one - th i rd  o f  t h e  nor thern  Cal i f o r n i a  
species i n h a b i t  borea l  waters o f  t he  
eastern and western P a c i f i c .  The 
sh i  ft from co l  d- temperate t o  
warm-temperate environments i s  
r e f l e c t e d  a t  Po in t  Conception, which 
i s  t he  nor thern  boundary of many 
southern species and the  southern 
boundary o f  many northern species 
(Barnard 1969a). 



Figure  2. 
Capre l l  a  
c a p r e l l  i d  
t h a t  1 i ves 

A. Elasmopus sp. and B. Eohaustorius sp., bo th  gammarid amphipods. C. 
fe r rea ,  a c a p r e l l i d  amphipod. D .  Neocyamus physeter is  female, a 
amphi pod from sperm whale. E. Phronima sedentaria, a hyper i  i d  amphi pod 

1 i n s i d e  the  t u n i c  o f  urochordates. ( A  and B from Barnard 1975; C and D 
from McCain 1975; E from Barnes 1974. A-D r e p r i n t e d  w i t h  permission from the  
U n i v e r s i t y  o f  Cal i f o r n i a  Press; E r e p r i n t e d  w i t h  permission from Saunders Col lege 
Pub1 ish ing) .  
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Cal i fo rn ia .  
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The gener ic  composit ion o f  i n t e r -  
t i d a l  amphipods i n  C a l i f o r n i a  over laps 
t h a t  o f  s i m i l a r  forms throughout t h e  
wor ld  (60% w i t h  Indo-Pac i f i c  t r o p i c s ,  
51% w i t h  Japan's Okhotsk Sea, and 46% 
w i t h  t h e  I s l e  o f  Man). A t o t a l  o f  174 
genera and 1,118 species o f  rocky 
i n t e r t i d a l  amphipods have been i d e n t i -  
f i e d  no r th  o f  l a t i t u d e  45 OS. S i x t y -  
t h ree  genera, o r  about one - th i rd  o f  
t he  wor ld ' s  i n t e r t i d a l  genera, are 
present  i n  Cal i f o r n i a  (Barnard 1969b). 
Cal i f o r n i a '  s  two c l  imates, temperate 
i n  t h e  no r th  and sub t rop i ca l  i n  the  
south, are one reason f o r  t h e  many 
known amphipod taxa i n  t h a t  State. 
Another reason i s  t h a t  amphipods have 
been s tud ied  i n  f a r  g reater  d e t a i l  f o r  
many years i n  C a l i f o r n i a  than any 
o the r  p lace a long the  P a c i f i c  coast, 
so the re  i s  a more thorough l i s t  o f  
taxa. The most abundant species o f  
amphipods i n  Cal i f o r n i a  are  f requen t l y  
i n  t he  most d iverse  genera ( p r i m a r i l y  
marine), a1 though amphi pods a1 so i n -  
h a b i t  f reshwater  and some mois t  t e r -  
r e s t r i a l  h a b i t a t s  (Reish and Barnard 
1979). The marine forms 1 i v e  a t  most 
depths, i n c l u d i n g  deep abyssal waters 
(Hessler e t  a l .  1978), and i n  a wide 
range o f  hab i ta t s .  About 40% o f  t he  
80 genera o f  Gammaridea are  common 
worldwide, w h i l e  t h e  remaining 60% are  
l oose l y  associated w i t h  s p e c i f i c  geo- 
g raph ica l  reg ions  o r  zones (Bousf ie ld  
1978). 

Gammarid species are  found i n  almost 
a1 1 environments: sub t i da l  , i n t e r -  
t i d a l  , freshwater, and t e r r e s t r i  a1 
(Reish and Barnard 1979). The 
Hyperi  idea are  e n t i  r e l y  marine and 
pe lag i c  (Bowman and Gruner 1973). 

MORPHOLOGY/IDENTIFICATION AIDS 

The Amphipoda are  d i s t i ngu i shed  from 
o the r  crustacea by t h e i r  unsta lked 
eyes, l a c k  o f  a carapace, l a t e r a l  
compression o f  t he  body, and the  
s t r u c t u r e  o f  t he  l a s t  t h ree  append- 
ages (uropods) o f  t he  pleon. Amphi- 
pods have seven p a i r s  o f  major 

t h o r a c i c  legs  (pereopods): t h e  dac ty l s  
o f  t h e  a n t e r i o r  f o u r  p a i r  are d i r e c t e d  
p o s t e r i o r l y ,  wh i l e  t h e  dac ty l s  o f  t he  
p o s t e r i o r  1 egs p o i n t  a n t e r i o r l y .  
G i l l s  are usua l l y  present  a t  t he  base 
o f  pereopods 2-6, p ro tec ted  by the  
v e n t r a l  l y  expanded coxal p la tes .  
Males and females o f t e n  can be d i s -  
t ingu ished morphological ly .  The head 
has f i v e  fused segments, w i t h  two 
p a i r s  each o f  antennae and max i l l ae  
and a h e a v i l y  c h i t i n i z e d  mandible. 
There are s i x  o r  seven f r e e l y  a r t i c u -  
l a t e d  somi t e s  on the  thorax (pereon). 
P la tes  (coxae) are 1 a t e r a l  extensions 
o f  t he  tho rac i c  pereon. G i l l s  
(branchiae) are f l e s h y  and p la te -1  i ke 
and are  at tached medial t o  t he  second 
through the  s i x t h  coxae on each side. 
The abdominal reg ion  cons i s t s  o f  t h ree  
a r t i c u l a t i n g  segments on both  the  
a n t e r i o r  p leon and p o s t e r i o r  urosome. 
The urosome has a te rmina l  t e l s o n  
(Figure 1). 

The f o l l o w i n g  key (adapted from 
Barnes 1974 and Koz lo f f  1974) i s  an 
a i d  t o  separate amphipod suborders: 

l a .  Pereon w i t h  seven apparent seg- 
ments, a1 1 having we1 1-developed 
appendages. Abdomen n o t  v e s t i -  
g i a l .  Body n e i t h e r  s lender nor 
resembling t h a t  o f  a p ray ing  
mantis . . . . . . . .2. 

l b .  Pereon w i t h  s i x  apparent seg- 
ments, some o f  which may have 
v e s t i g i a l  appendages ; abdomen 
v e s t i g i a l  ; head fused w i t h  f i r s t  
and second t h o r a c i c  segment. 
Body s lender and (except f o r  
whale l i c e )  resembling t h a t  o f  a 
p ray ing  mantis. Marine. I n c l  udes 
ske le ton  shrimp . . . . . . . . Suborder 
Capre l l  idea. 

2a. Eyes general l y  1 arge, occupying 
most o f  head; coxae o f  pereopods 
small ,  o f t e n  fused w i t h  t he  body; 
maxi 11 ipeds are w i thou t  palp;  
1 a s t  two abdominal segments 
fused; body more o r  l ess  t rans-  
parent .  Marine, and usual l y  
p lank ton i c  o r  associated w i t h  



LIFE HISTORY j e l l y f i s h  o r  i n  tun i cs  o f  dead 
sal  ps . . . . . . Suborder Hyperi idea. 

2b. Eyes usua l l y  present  and con- 
spicuous, b u t  no t  l a rge  enough t o  
cover most o f  the  head; coxae o f  
pereopods w e l l  developed, usua l ly  
expanded. Marine, freshwater, 
and t e r r e s t r i a l  . . . . . Suborder 
Gammaridea. 

2c. Eyes small ; body elongate; small 
coxae; abdominal segments d i  s- 
t i n c t ;  a l l  b u t  f o u r t h  and f i f t h  
p a i r s  o f  abdominal appendages 
v e s t i g i a l .  Marine, i n t e r s t i t i a l .  
Rare . . . Suborder Ingo l  f i e 1  1 idea. 

The most concise i d e n t i f i c a t i o n  
guides t o  the  marine amphipods o f  t h e  
P a c i f i c  Southwest reg ion are those o f  
Barnard (1975) and McCain (1975). 
Bous f ie ld  (1958) may be usefb l  f o r  
i d e n t i f y i n g  freshwater gammaridea. 

REASON FOR INCLUSION I N  SERIES 

The benth ic  amphipods, espec ia l l y  
Gammaridea, are  an inva luab le  food 
source f o r  many economically important  
f i shes  (Gerke and Kaczynski 1972; 
Kaczynski e t  a l .  1973; Mason 1974; 
Hobson and Chess 1976). The i r  l i m i t e d  
m o b i l i t y  and t h e i r  s e n s i t i v i t y  t o  
environmental changes suggest t h a t  
t h e i r  d i s t r i b u t i o n  and abundance can 
be used as an i n d i c a t o r  o f  environ- 
mental qua1 i t y  (A1 b r i g h t  1982). 
Omnivorous and oppor tun i s t i c  feeders 
such as lys ianass ids  (a gammaridean 
fami l y )  and c a p r e l l  i d s  recyc le  
d e t r i t u s  and p lay  an important  r o l e  
i n  the  ecosystem by scavenging car-  
casses o f  l a rge  animals f o l l o w i n g  mass 
m o r t a l i t i e s  (Ke i th  1969; Reish and 
Barnard 1979). Amphi pods, i n  addi- 
t i o n  t o  being scavengers on f i s h  
carcasses, are  a l so  predatory t o  some 
degree on small f i shes  (Westernhagen 
and Rosenthal 1976; Hessler e t  a l .  
1978; Stepien and Brusca 1985). 
Hyper i i d  amphipods are  one of t he  most 
abundant groups o f  coastal  marine 
crustaceans (Bowman and Gruner 1973). 

Reproduction and Fecundity 

When mating, t he  male amphipod holds 
the  female i n  a copulatory embrace 
(amplexus). Some species have an 
extended precopulatory r i t u a l  (pre- 
amplexus), whi 1 e others do no t  
(Borowsky 1984). I n  swimming species, 
t he  male o f t e n  c a r r i e s  the  female 
v e n t r a l l y ,  o r  bo th  swim on t h e i r  
sides. Fol lowing ecdysis o f  the  
female (mol t ing  o f  t he  exoskeleton), 
eggs are l a i d  through two vent ra l  
pores i n  the  s i x t h  t h o r a c i c  s t e r n i t e .  
Fecundity may exceed 200 eggs pe r  
female (Barnard 1969b), b u t  in fauna l  
species tend t o  have fewer eggs than 
epi  faunal species (Nelson 1980; Van 
Dolah and B i r d  1980). Mature eggs 
hatch d i r e c t l y  i n t o  j uven i l es  t h a t  
resemble adul ts .  These juven i l es  are 
usua l ly  he ld  i n  t h e  brood pouch f o r  a 
few hours t o  a few days a f t e r  
hatching, then released. They can 
then feed and r e t u r n  t o  the  pouch f o r  
p r o t e c t i o n  (Barnard 1969b; Reish and 
Barnard 1979). 

In format ion  on t h e  reproduct ive  
cycles of pe lag ic  species o f  amphipods 
i s  scarce and d i f f i c u l t  t o  ob ta in  i n  
the  f i e l d .  I n  some hyper i ids ,  t he  
male and female apparent ly  cohabi t  t h e  
same medusa p r i o r  t o  copu la t ion  
(Sheader 1977). Brusca (1967b) 
observed several f am i l  i e s  o f  pe lag i c  
amphipods o f f  t h e  coast o f  southern 
C a l i f o r n i a  and found t h a t  t he  h ighest  
product ion  o f  ova occurred dur ing  the  
summer and f a l l  months, and t h a t  
development o f  t h e  young continued 
through t h e  f o l l o w i n g  sp r ing  and 
summer. 

Growth Charac te r i s t i cs  

Amphipod growth ra tes  and lengths 
vary considerably. L ike  a l l  crus- 
taceans, amphi pod growth takes p lace 
a t  each mol t when the o l d  exoskeleton 
i s  shed. Amphipods range i n  l eng th  
from under 1 cm t o  about 28 cm, the 
l a r g e s t  of which i s  a lys ianass id  



photographed i n  t he  abyssal P a c i f i c  
Ocean (Hessler e t  a l .  1978). Maximum 
growth ra tes  o f  ~n$so~ammarus 

uget tens is  were 4 . B  o f  d r y  weight  
Fe r  day a t  10 OC.  inc reas ina  more than 
t h r e e f o l d  t o  1413% a t  20 'C (F igure 
4), w i t h  h igher  growth e f f i c i e n c y  a t  
20 OC (Chang and Parsons 1975). As 
w i t h  most aquat ic  organisms, tempera- 
t u r e  has a s i g n i f i c a n t  e f f e c t  on the  
growth ra te .  Growth i n  l a rge  (10 mg) 
i n d i v i d u a l s  o f  t h i s  species was 47% t o  
72% o f  food i n take  when f e d  Entero- 
morpha (Chang and Parsons 1975-e 
growth r a t e  i n  Gammarus pu lex  i s  63% 
f a s t e r  i n  males than i n  females, and 
females achieve a lower f i n a l  mean 
weight  (52 mg) than males (65 mg), 
according t o  S u t c l i f f e  e t  a l .  (1981). 

Growth i s  i n i t i a l l y  r a p i d  i n  t he  
Gammaridea; m o l t i n g  may begin s h o r t l y  
a f t e r  ha tch ing  and continues through 
ma tu r i t y .  As amphipods increase i n  
s ize ,  m o l t i n g  u s u a l l y '  slows t o  once 

W e e k s  

Figure  4. Growth o f  Anisogammarus 
puget tens i  s f e d  Enteromorpha i ntes- 
t i n a l  i s  a t  10 and 20 OC.  (Chang and 
Parsons 1975; r e p r i n t e d  w i t h  permi s- 
s i on  from t h e  Journal  o f  t h e   ish her- 
i e s  Research Board o f  c a n a d 5  - --- 

every 20 t o  30 days. The average i n -  
s t a r  (stage o f  development between 
successive mol ts)  l a s t s  15 days. 
Gammarids go through a t  l e a s t  12 i n -  
s ta rs .  The maximum l i f e - s p a n  e s t i -  
mates are a l i t t l e  more than 6 months 
i n  many species, bu t  some p o l a r  
species are known t o  l i v e  5 o r  6 
years. Females commonly l a y  eggs 
e i t h e r  du r i ng  each o f  t he  l a s t  f i v e  o r  
s i x  i n s t a r s ,  o r  a t  every o the r  i n s t a r  
(Barnard 1969b). 

Importance t o  F i she r ies  

Amphipods are the  main food o f  
many species o f  f i s h  (Kaczynski e t  a l .  
1973; Hobson and Chess 1976). Pelagic 
species sometimes compose the  b u l k  o f  
t he  d i e t  o f  her r ing ,  mackerel, and 
B i  scayan tunny (Schmi tt 1968). 
Gammarideans, on the  bas is  o f  an 
Index o f  Re1 a t i v e  Importance ( I R I )  , 
were the  most important  food f o r  
nearshore f i shes  i n  t he  S t r a i t  o f  Juan 
de Fuca. They composed more than h a l f  
t he  t o t a l  food eaten by 38% o f  t he  55 
f i s h  species s tud ied  (Cross e t  a l .  
1978), and they were the  most impor- 
t a n t  food o f  t idepoo l  f i shes .  

A tube-dwel 1 i ng gammari dean, Coro- 
phium salmonis, i s  an abundant and 
pre fer red  prey  of chum salmon . - 
(Oncorhynchus w) i n  the  Skag i t  s a l t  
marsh i n  Washi naton (Conal eton and 
Smith 1976), as w e l l  as ' i n  o the r  areas 
o f  Puget Sound (Gerke and Kaczynski 
1972). A l b r i g h t  (1982) repor ted  t h a t  
d e n s i t i e s  o f  C. salmonis peaked i n  t he  
t i d a l  f l a t s  3 Grays Harbor, Washing- 
ton,  i n  J u l y  and August, where they 
were the  dominant organism on mud and 
muddy-sand bottoms. Dens i t i es  as h igh  
as 57, 000/m2 have been observed 
(A1 b r i g h t  and Rammer 1976). Produc- 
t i o n  from A p r i l  through September was 
3.6-10.7 g d r y  weight/m2. According 
t o  A l b r i g h t  (1982), g. salmonis i s  
consumed by a l a rge  number o f  f i s h  
species (Figure 5), i n c l u d i n g  salmon, 
scu lp ins ,  s t i ck lebacks ,  gunnels, 
smelts, cod, sole,  f lounders,  and 
p r i c k 1  ebacks. F i sh  t h a t  a re  predators 
on amphipods and o the r  zooplankton i n  



E o g a m m a r u s  
W e s t e r n  S a n d p i p e r  D u n  l  i  n  

Long-b i l l ed  
S h i n e r  P e r c h  

S t a r r y  Engl i sh  S o l e  

S n a k e  P r i c k l e b a c k  S t i c k l e b a c k  

C r a n g o n  
D u n g e n e s s  C r a b  Shrimp 

L o n g f i n  S m e l t  N e m e r t e a n  Worms 

Figure  5. Fish, avian, and inve r teb ra te  predators o f  the  amphipod Corophium 
salmonisi ( from A1 b r i g h t  1982). 

C a l i f o r n i a  have evolved morphologi- 
c a l  l y  e l  aborate feeding mechani sms and 
body forms; the  degree o f  divergence 
from the  bas ic  body p l a n  depends on 
how ex tens ive ly  they feed on zooplank- 
t o n  (Hobson and Chess 1976). Crusta- 
cean zooplankton, i n c l u d i n g  amphipods, 
may s i g n i f i c a n t l y  i n f  1 uence nocturnal  
versus d iu rna l  d i s t r i b u t i o n s  and be- 
hav ior  o f  nearshore f i shes o f  C a l i -  
f o r n i a  (Hobson and Chess 1976; Stepien 
and Brusca 1985). 

Two gammarid species have been 
examined f o r  t h e i r  p o t e n t i a l  i n  f i s h  
cu l tu re .  Mass c u l t u r e  of Anisogam- 
marus puget tens is  was proposed by 
ehang and Parsons (1975) as an 
a l t e r n a t i v e  t o  b r i n e  shrimp as food 

f o r  young salmon, b u t  t he  b r i n e  shrimp 
grew much fas te r .  This gammaridean 
can t o l e r a t e  wide ranges of tempera- 
tu res  and s a l i n i t i e s  and eats a wide 
v a r i e t y  o f  p l a n t  and animal ma te r ia l ,  
i n  a d d i t i o n  t o  scavenging dead f i s h  
and uneaten f i s h  food i n  ~ o n d s .  
Gammarus 1 acustrus , i n  t h e  s h a l l  ow 
v 
Dra i  r1e lakes o f  t he  Hudson Bav dra in-  
age, meets d i e t a r y  requirements f o r  
rai nbow t r o u t  ( ~ a i m o  a i  r d n e r i  ) t h a t  
a re  5 cm lonq o-naer + hese qam- 
marids are  ea;ily captured and can be 
harvested a t  1,000 kg wet weight/ha/ 
yr, are equal t o  o r  b e t t e r  than a v a i l -  
ab le  commercial t r o u t  feeds, and can 
improve body c o l o r a t i o n  and market- 
a b i l i t y  of t he  f i s h  (Mathias e t  a l .  
1982). Gammarus t i g r i n i s ,  a shore1 i n e  



amphi pod, has been int roduced i n t o  
brack ish  streams as food f o r  f i shes  
(Reish and Barnard 1979). 

ECOLOGICAL ROLE 

Amphipods are considered the  most 
e f f i c i e n t  scavengers o f  sea bottoms 
and shore1 ines, where they probably 
c l e a r  up and recyc le  more organic 
nearshore debr is  than any o ther  animal 
group (Schmi tt 1968). G r i  f f  i t h s  and 
Stenton-Dozey (1981) described the  
importance o f  t he  gammarid, Ta lor -  
ches t i a  capensis, i n  consuming 
beached ke lp  i n  South A f r i ca .  This 
amphipod and d ip te ran  l a rvae  a t e  60% 
t o  80% o f  t he  beached ke lp  w i t h i n  2 
weeks, and i t  i s  thought t h a t  they 
make a s i g n i f i c a n t  c o n t r i b u t i o n  
(through feces) t o  organic enrichment 
i n  coasta l  waters. 

Numerical l y ,  amphipods are the  major 
component o f  macrofauna on harbor 
p i l i n g s  i n  C a l i f o r n i a .  Most are 
in t roduced species ( c a r r i e d  i n t o  p o r t s  
by f o r e i g n  vessels) t h a t  have had 
1 i t t l e  e f f e c t  on indigenous amphipods 
i n  nearby water (Barnard 1961; Reish 
1964). I n  heavi 1 y p o l  1 uted harbors, 
amphipods are scarce i n  bo th  the  
benthos and on the  p i l i n g s  (Reish 
1959). 

Beachhoppers o f  t he  gammaridean 
f a m i l y  Tal i t r i d a e  are  common on sandy 
i n t e r t i d a l  areas, especia l  l y  among 
damp a l g a l  debr is  o r  wracks (Reish and 
Barnard 1979). These species are  
1 ocal l y  t r a n s i t o r y  because o f  f requent  
changes i n  t he  t i d e  and wrack accumu- 
l a t i o n s .  The maximum dens i t y  o f  o ther  
amphi pods o f  sandy beaches i s  re1 ated 
t o  s u r f  i n t e n s i t y  and va r i es  w i t h  sea- 
son (Hughes 1982). The o b l i g a t e  sand- 
burrowing amphipods belong t o  two 
major groups w i t h i n  the  f a m i l y  
Haustor i idae and are common i n  south- 
e rn  temperate waters (Bousf i e l  d 1970). 

Some gammarideans, such as Ameplisca 
sp. and Phot is  sp., cons t ruc t  tubes o r  
c rad les  on s o f t  o r  hard substrates 

(Barnard 1969b). Corophi um spp. , 
common i n  es tua r ies  where s i l t i n g  i s  
heavy, form masses o f  muddy tubes and 
c reate  cur ren ts  w i t h  abdominal append- 
ages (A1 b r i g h t  1982). The cur ren ts  
are s t ra ined  by f r i n g e s  o f  f i n e  h a i r s  
on appendages forward o f  t he  abdomen; 
then the  s e l e c t i v e l y  c o l l e c t e d  mater- 
i a l  i s  scraped i n t o  the  mouth (Koz lo f f  
1973). 

Some amphi pods i n h a b i t  dwell  i ngs o f  
o the r  organisms (Kozl o f f  1973). Many 
species t h a t  are burrowers, such as 
those o f  t he  gammaridean f a m i l i e s  
Haustor i  idae, Oedicerot idae, and 
Phoxocephalidae, have elongated spines 
o r  setae on the  d i s t a l  a r t i c l e s  o f  t h e  
p o s t e r i o r  pereopods t h a t  represent  an 
adapta t ion  f o r  burrowing (Reish and 
Barnard 1979). 

Tube-dwell ing amphipods almost never 
dominate a rocky area pounded by 
waves. Wave a c t i o n  i s  usua l l y  t oo  
severe unless p r o t e c t i o n  i s  g iven by 
encrus t ing  organisms. Beds o f  mussels 
o f  t he  genus M y t i l u s  serve as excel-  
l e n t  p r o t e c t i o n  f o r  amphipods i n  
rocky i n t e r t i d a l  areas (Tsuchiya and 
N ish i  h i r a  1985). 

About one - th i rd  o f  a l l  amphipod 
species i n  t h e  i n t e r t i d a l  areas o f  
C a l i f o r n i a  are  tube-dwell  i n g  forms, 
compared w i t h  on ly  2% t h a t  are 
sediment burrowers. Phoxocephal i d s  
are the  major sediment burrowers i n  
t he  i n t e r t i d a l  zone o f  southern 
C a l i f o r n i a  (Barnard 1969b). 

Even among c l o s e l y  re1 ated species, 
amphipods have become h i g h l y  spec ia l -  
i z e d  (Caine 1980). Many i n t e r t i d a l  
and es tuar ine  amphipods appear t o  
occupy d i s t i n c t  and genera l l y  non- 
over lapping niches, which may be 
separated by one o r  more environmental 
d i f f e rences  (Bousf ie ld  1970; Caine 
1977, 1980; P inks te r  and Broodbakker 
1980; Gunnil 1 1984). Th is  separat ion 
o f  niches apparent ly  holds t r u e  a long 
the  P a c i f i c  coast  from Washington 
(Caine 1980) t o  C a l i f o r n i a  (Gunnil 1 
1984). 



Examples o f  amphipods as i n d i c a t o r s  
o f  environmental cond i t ions  are  
Pontogeneia and Lysianassa, which are  
t v ~ i c a l  o f  sand-encroachment. and 
para1 lo rchestes ,  which i s  t y p i c a l  o f  
the  wave-dash i n t e r t i d a l  zone (Barnard 
1969b). I n  areas where thesi condi- 
t i o n s  mix, these amphipods, a long w i t h  
Hyale and Aoroides, a re  a l l  found 
together.  The presence o f  c e r t a i n  
phoxocephalids i nd i ca tes  s t r a t i f i e d  
and r e l a t i v e l y  undisturbed sediment. 

The ho ld fas ts  o f  l a r g e  ke lp  
(Macrocyst i  s) i n  t he  sub t i da l  zone 
hos t  many species o f  amphipods, some 
o f  which are  r a r e  o r  nonexistent  
i n t e r t i d a l  l y .  An unusual ly  l a r g e  
number o f  d i f f e r e n t  amphipod species 
l i v e  e x c l u s i v e l y  o r  most f requen t l y  on 
ke lp  ho ld fas ts  (Barnard 1969b). Hyal e 
frequens, t he  most abundant i n t e r t i d a l  
amphipod i n  C a l i f o r n i a ,  l i v e s  on o r  
near s u r f  grasses and ke lp  ho ld fas ts ,  
o r  i n  t i depoo ls  (Barnard 1969b). 
Hyale g rand ico rn i s  l i v e s  among algae 
associated w i t h  mussel s  (Myti 1 us 
edul i s )  and barnacles (Chthamal us 
cha l l enge r i ) ,  according t o  Tsuchiya 
and N ish ihara  (1985). It has been 
observed by Gunn i l l  (1984) t h a t  more 
than one species o f  amphipod i n  
southern C a l i f o r n i a  used the  brown 
alga,  P e l v e t i a  f a s t i g i a t a ,  bu t  t h a t  
they occupied d i f f e r e n t  niches-- 
Ampithoe 9, A. l i n d b e r g i i ,  and A. 
p o l l e x  l i v e d  at-the d i s t a l  ends o f  t he  
a l g a l  f ronds,  wh i l e  Phot is  spp., 
Corophium spp. , and Aorides c o l  umbiae 
l i v e d  near t h e  p l a n t s '  ho ld fas ts .  

Coral 1 i ne stands and sedimentary 
substrates beneath rocks are  poor 
amphi pod hab i ta t s .  Amphi pods t h a t  
burrow i n t o  t h e  subst ra te  have 
d e f i n i t e  preferences f o r  h a b i t a t s  and 
p a r t i c l e  s izes.  

Hyperi  idea are  p r i m a r i l y  nektonic,  
a l though Hyperia can be taken i n  
benth ic  samples. They e i t h e r  have 
wel l-developed swimming appendages and 
buoyancy c o n t r o l ,  o r  l i v e  i n  associa- 
t i o n  w i t h  host  medusae o r  salps (Reish 
and Barnard 1979). The i r  feeding 

hab i t s  a re  poo r l y  understood. Hyper- 
i i d s  may feed on the  very organisms 
t h a t  host  them, b u t  probably use them 
more as a base from which t o  forage; 
o r ,  they  may feed on food captured by 
t h e  host  (Bowman e t  a l .  1963; Patton 
1968). I n  one l abo ra to ry  study of 
~ e s t r i ~ o n u s  sp. and ~ o u ~ i s i a  sp. , - food 
was shared w i t h  t he  host ,  Leptomedusa 
sp. , when supply was adequate, b u t  
when i t  was not,. t he  amphipods fed  on 
hos t  t i s s u e ,  s t a r t i n g  w i t h  t he  gonads 
(Bowman and Gruner 1973). Parathe- 
mis to  sp., a f r e e - l i v i n g  hype r i i d ,  
preys on o ther  p lank te rs  (Bowman 
1960). 

A few nektonic gammarideans l i v e  i n  
n e r i t i c  waters. They are  e i t h e r  
predaceous o r  are the  nektonic mating 
o r  d ispersa l  phases o f  benth ic 
gammarids (Reish and Barnard 1979). 

Chel u ra  terebrans,  a wood-borer i n  
coasta l  waters p r i n c i p a l  l y  south o f  
San Francisco, i s  t he  bes t  known 
amphipod pest .  It enlarges holes i n  
wood (e-g . ,  boats and p i l i n g s )  made by 
t h e  isopod Limnora sp. (Reish and 
Barnard 1979). 

Swimming among amphi pods va r i es  
g r e a t l y  among t h e  var ious  genera. 
Hyperi  idean swimming ranges from the  
feeb le  movements o f  t he  appendages o f  
Cystisoma sp., t o  t he  f a s t  swimming 
Paraprone spp. which a re  charac ter ized 
by a s t rong  p leonal  musculature 
(Bowman and Gruner 1973). Most o f  t he  
gammarideans--even t h e  burrowing 
forms--are s t rong swimmers. The 
paddl i ng motion o f  t h e i r  p l  eopods i s  
i n  some cases f a c i l i t a t e d  by small 
coup1 i ng hooks t h a t  j o i n  t h e  peduncles 
o f  each p a i r  o f  pleopods. Some 
gammarids t h a t  l i v e  on t h e  sea bottom 
have elongated pereopods t h a t  spread 
o u t  l i k e  a sp ide r  t o  prevent  them from 
s i n k i n g  i n t o  the  mud. The i r  bodies 
hang upside down, g i v i n g  them a lower 
center  o f  g r a v i t y .  This helps avo id  
displacement by turbulence.  Epiben- 
t h i c  gammarids may reduce t h e i r  
suscept i  b i  1 i t y  t o  predat ion  by 
swimming. F e l l  e r  and Kaczynski (1975) 



be l ieved t h a t  i n  t h e  spr ing,  j u v e n i l e  
chum salmon i n  Puget Sound p r e f e r r e d  
harpactacoid copepods because they 
were more e a s i l y  captured than 
swimming amphipods. 

Anisogammarus con fe rv i cu l  us i s  
be1 ieved t o  reduce predat ion.  l a r g e l y  
by j u v e n i l e  chum ' salmon, through 
eco log ica l  adaptat ion. I t s  avoidance 
behavior i nc l  udes clumping i n  refuges 
w i t h  s t r u c t u r a l  l y  complex hab i ta t s ,  
such as bottom vegeta t ion  (Levings and 
Levy 1976). I n  Grays Harbor, Washing- 
ton,  mature ma1 e  Corophi um salmonis 
are sub jec t  t o  heavy predat ion  from a  
v a r i e t y  o f  sources (Figure 5) begin- 
n ing  i n  A p r i l ,  when they wander over 
t i d a l  f l a t s  i n  search o f  females 
( A l b r i g h t  1982). I n  a d d i t i o n  t o  being 
prey  f o r  many f i shes  and i nve r te -  
brates,  some pe lag i c  amphipods compose 
p a r t  o f  t he  crustacean d i e t  o f  whales, 
and the  d i e t  o f  t he  grey whale along 
the west coast  cons is ts  l a r g e l y  o f  s i x  
species o f  benth ic  amphipods (Matthews 
1978). Amphipods sometimes are eaten 
by B r i t i s h  g u l l s  (Larus sp.) according 
t o  Schmitt  (1968) and bv d u n l i n  
(Cal i d r u s  a1 ina)  accord ingw t o  Smith 
a  ( Dogie1 i no tus  l o q ~ a x  
i s  a  prime t a r q e t  f o r  summer shoreb i rd  

Capre l l i ds ,  o f  the  suborder which 
inc ludes ske le ton  shrimp, a re  l a r g e l y  
i n t e r t i d a l .  The i r  preference o f  
subs t ra te  i s  o f t e n  s p e c i f i c .  They 
u s u a l l y  c l i n g  t o  l i v i n g  subst ra te  such 
as kelp,  sea grasses, sponges, 
hydroids, and bryozoans; t o  a  l esse r  
ex tent ,  they l i v e  on bare sand o r  mud 
bottoms (Ke i th  1971; Caine 1980). 
They are r e l a t i v e l y  motionless and 
feed by grasping food w i t h  t h e i r  f r e e  
a n t e r i o r  legs and antennae, and hold- 
i n g  t h e i r  p o s i t i o n  w i t h  t h e i r  poster-  
i o r  legs. Locomotion resembles t h a t  
o f  an inchworm w i t h  an a l t e r n a t i n g  
movement o f  the  f r o n t  and r e a r  legs 
(Koz lo f f  1973). They feed on diatoms, 
small i nve r teb ra tes  , and d e t r i t u s ,  and 
are  i n  t u r n  the  prey  o f  shrimp and 
many f i shes ,  i n c l u d i n g  cod, b lennies,  
and skates (Ke i th  1969; McCain 1975; 

Cai ne 1977, 1980). Whal e  pa ras i t es  
(Cyamidae) are  a l so  i n  t he  c a p r e l l i d  
suborder. The genus Cyamus i n c l  udes 
about 18 hos t -spec i f  i c  species. As 
non-swimmers, they leave the  parenta l  
brood pouch and d i g  i n t o  the  hos t  w i t h  
hooked dac ty l s  (Schmi tt 1968). 

I t i s  suggested t h a t  t he  common 
pe lag i c  amphipod species are more 
abundant o f f sho re  than inshore i n  
oceanic waters and t h a t  y e a r l y  changes 
i n  occurrence and abundance o f  
h y p e r i i d  amphipods inshore may be 
r e l a t e d  t o  coasta l  upwel l ing  (Lorz and 
Pearcy 1975). Most h y p e r i i d  amphipods 
1  i v e  i n  t he  upper 100 m o f  t he  ocean 
i n  t he  North P a c i f i c  c e n t r a l  gyre and 
e x h i b i t  d iu rna l  v e r t i c a l  m ig ra t i on  
(Schulenberger 1978). O f f  t h e  coast  
o f  southern C a l i f o r n i a ,  both 
Gammari dea and Hyperi  idea have been 
found a t  depths g rea te r  than 650 m; 
t he  depth o f  t h e i r  upper l i m i t  was 
def ined by the  thermocl ine and the  
amount o f  l i g h t  a v a i l a b l e  (Brusca 
1967a). Amphipods from t h i s  area 
e x h i b i t  v e r t i c a l  d i u r n a l  movements 
(Brusca 1967a). 

ENVIRONMENTAL REQUIREMENTS 

Dissolved Oxygen and Temperature 

Pelagic gammarid and hyper i  i d  
amphipods have been c o l l e c t e d  i n  deep, 
p o o r l y  oxygenated s c a t t e r i n g  1  ayers 
o f f  southeastern Vancouver I s l and ,  
B r i t i s h  Columbia (Wal dichuk and 
Bous f i e ld  1962). Anisogammarus 
puget tens is  and A l lo rchestes  angustus, 
both common inshore gammari d  
amphipods, surv ive  i n  water & t h  low 
d isso lved oxygen as low as 0.04 ppm a t  
12OC near s u l f i t e - r i c h  paper pu lp  
e f f l u e n t  i n  B r i t i s h  Columbia 
(Waldichuk and Bous f i e ld  1962). The 
f i r s t  species i s  abundant on the  
bottom a t  15 t o  22 m; t he  second 
species, normal ly  found i n  shal lower 
waters, was near t he  surface, perhaps 
seeking more oxygenated water 
(Waldichuk and Bous f i e ld  1962). Low 
oxygen to1  erance i n  e i t h e r  species 



remains t o  be determined, b u t  Chang 
and Parsons (1975) observed t h a t  A. 

u e t t e n s i s  surv ived f o r  several hours 
!&%I%- saturat ion .  They a l so  deter -  
mined a  Qlo o f  1.6, lower than t h a t  o f  
o the r  crustaceans, which i s  general l y  
near 2. (Qlq i s  a  measure o f  t h e  
change i n  phys io log i ca l  processes w i t h  
temperature. I f  metabolism (and hence 
oxygen consumption) doubles when the  
temperature i s  increased by 10 O C ,  an 
organism has a  Qlo o f  2. I f  the re  i s  
no r a t e  change w i t h  temperature, t h e  
animal has a  Qlo o f  1 and i s  s a i d  t o  
be temperature-independent. ) Chang 
and Parsons (1975) be l ieved t h i s  low 
Qlo t o  be an adaptat ion o f  amphipods 
fo r  coping w i t h  r a p i d l y  changing 
i n t e r t i d a l  temperatures. Caprel l  i d s  
leave eelgrass beds i n  Tomales Bay i n  
droves a t  n i g h t  when d isso lved oxygen 
concentrat ions i n  t he  beds drop below 
2  ppm (Ke i th  1971). 

To1 erances t o  1  ow oxygen concentra- 
t i o n s  vary g r e a t l y  among species. 
Many a re  i n t o l e r a n t  o f  low oxygen 
concentrat ions,  e s p e c i a l l y  species 
r e s t r i c t e d  t o  waters where d isso lved 
oxygen usua l l y  i s  high. Groups such 
as phoxocephal i d s  (used as i n d i c a t o r s  
of p o l l u t i o n  i n  bioassays) appear much 
l ess  t o l e r a n t  t o  s t r e s s f u l  cond i t ions ,  
such as low oxygen concentrat ions,  
than many o f  t he  species discussed 
above (R. A'l b r i g h t ,  U n i v e r s i t y  o f  
Washington; pers. comm. ). 

Ca r e l l a  l aev iuscu la  and Meta- 
ca i?+ r e  l a  kenner ly i  can surv ive  a t  
temperatures as h igh  as 20 O C ,  wh i l e  
Capre l la  s t r i a t a  w i l l  on l y  su rv i ve  a t  
temperatures up t o  14 O C  (Caine 1980). 

S a l i n i t y  

Many species o f  a d u l t  gammarideans 
w i ths tand h igh  v a r i a t i o n s  i n  s a l i n i t y ,  
wh i l e  some juven i l es  and embryos are  
l ess  capable o f  doing so (although i n  
o the r  species, t he  j uven i l es  are 
ac tua l  l v  more to1  erant  than adu l ts ) .  
Adul ts  " o f  Coyophium vol  u t a t o r ,  and 
es tuar ine  sDecies. surv ived s a l i n i t i e s  ~- ~ . - - -  

o f  2  t o  59 p p t  i ~ c ~ l u s k ~  1967), bu t  

p re fe r red  a  range o f  10 t o  30 p p t  
(McCl usky 1970). Adu l t  C. t r iaenonyx 
surv ived i n  a  range o  s a l i n i t i e s  
s i m i l a r  t o  t h a t  a t  which C. v o l u t a t o r  
surv ived (Shvamasundari 1973). 
A1 though juven i  i e  C. t r iaenonyx grew 
a t  s a l i n i t i e s  o f  7 .5  t o  37.5 pp t ,  they  
surv ived and grew bes t  a t  s a l i n i t i e s  
o f  20 t o  32.5 p p t  (Shyamasundari 
1973). A. puget tens is ,  found natu- 
r a l l y  i n - s a l i n i t i e s  o f  20 t o  28 ppt ,  
cannot surv ive  i n  f reshwater  , b u t  can 
surv ive  a t  11 p p t  f o r  a t  l e a s t  1 week 
(Chang and Parsons 1975). Some 
species o f  gammaridean genera, such as 
Gammarus, Hya le l l a ,  and Crangonyx, 
l i v e  i n  freshwater. 

I n  l abo ra to ry  experiments us ing  
es tuar ine  amphi pods, P i  nks ter  and 
Broodbakker (1980) found t h a t  (1) 
s u r v i v a l  t ime o f  ovigerous females and 
eggs increased w i t h  increas ing  sa l  i n- 
i t y ,  (2) males surv ived b e t t e r  a t  
lower s a l i n i t i e s  than females, (3) 
femal es produced more batches o f  eggs 
a t  h igher s a l i n i t i e s ,  (4) t ime between 
ov ipos i t i ons  was shor te r  a t  h igher 
c h l o r i n i  t i e s ,  and (5) females produced 
more eggs a t  h igher s a l i n i t i e s .  

P o l l u t i o n  and Dredging 

Some amphipod species a re  more t o l -  
e ran t  than o thers  o f  organic p o l l u -  
t i o n ,  b u t  t he  reasons why a re  no t  
c l e a r  (Reish and Barnard 1979). 
A l lo rchestes  compressa was found t o  be 
the  species most s e n s i t i v e  t o  heavy 
metals amonq t h e  seven species tes ted  
(Reish and j a r n a r d  1979): Cap i te l  l a ,  
a  marine ~ o l v c h a e t e  commonlv used as a  . - 
p o l l u t i o n  i n d i c a t o r  and " general l y  
considered mutual l y  excl  us ive  t o  
amphipods, has been observed i n  
heav i ly  po l  1  u ted  harbors. Capi t e l l  a  
a l so  1  i ves  i n  u n ~ o l l u t e d  d e e ~  sea 
waters near coasta l  ~ a l  i f o r n i a  t h a t  
a re  sub jec t  t o  freshwater i n f  1  ow-- 
h a b i t a t s  where amphi pods a re  notab ly  
absent (Reish and Barnard 1979). 

The cons t ruc t i on  o f  harbors has had 
l i t t l e  o v e r a l l  e f f e c t  on amphipod 
populat ions n a t i v e  t o  Cal i f o r n i a  



because the  animals are  so abundant up 
and down the  coast  (Reish and Barnard 
1979). Nonetheless, amphi pods are  
r a r e  i n  muddy substrates near docks i n  
Los Angeles, San Francisco, and San 
Diego (Reish and Barnard 1979). How- 
ever, d e l t a  mudf la t  areas do conta in  
numerous a m ~ h i ~ o d s :  dens i t i es  o f  
Coro hium sal'mo"is become as h igh  as 
120 000 m2 -1977). 75- 

The d i s t r i b u t i o n  o f  Corophium 
sa l  moni s  i s  i n f  1  uenced by sediment 
type and depth (it p r e f e r s  shal low, 
muddy sand subs t ra te~s ) ,  as w e l l  as 
s a l i n i t y  ( A l b r i g h t  1982). It i s  
thought  t h a t  dredging l i k e l y  causes a  
ne t  short - term reduc t i on  i n  t he  
numbers o f  Corophi um sp i  n icorne,  
r e s u l t i n a  i n  a  subs tan t i a l  i m ~ a c t  on 
i t s  f i s h  and i n v e r t e b r a t e  predators 
(A1 b r i g h t  and Bor i  t h i  1  e t t e  1982). 
Other species o f  Corophi um are  abun- 
dant near sewer o u t f a l l s ,  poss ib l y  
because o f  organic enrichment 
(Bi  r k l  und 1977). 

Behavioral changes o f  amphi pods 
exposed t o  sub le tha l  q u a n t i t i e s  o f  o i l  
have been observed. Populat ions o f  
i n t e r t i d a l  gammaridean beachhoppers 

are  most l i k e l y  t o  be a f f e c t e d  by o i l  
(Baker 1971), as are  popu la t ions  o f  
sub t i da l  ampel i s c i d s .  Dredging i s  
l i k e l y  t o  a t  l e a s t  temporar i l y  e l i m i -  
nate benth ic  amphipods t h a t  l i v e  on o r  
c lose t o  t he  subst ra te  ( A l b r i g h t  and 
Ramer 1976; Reish and Barnard 1979). 
However, McCaulley e t  a l .  (1977) 
suggest t h a t  when dredging occurs, 
adu l t s  o f  some species are  l i k e l y  t o  
move t o  nearby unaf fected areas and 
j uven i l es  may r a p i d l y  immigrate and 
repopulate the  dredged area. 

A reco lon i za t i on  o f  benth ic  orga- 
nisms a f t e r  attempts a t  p o l l u t i o n  
con t ro l  i n  t he  conso l ida ted S l  ip-East  
Basin area o f  Los Angeles Harbor was 
descr ibed by Rei sh (1959). A1 though 
many groups o f  i nve r teb ra tes  reco l  o- 
n ized the  area r a p i d l y ,  amphipods 
recovered much more s lowly.  A l b r i g h t  
and B o r i t h i l e t t e  (1982) noted t h a t  i t  
may take up t o  a  year t o  repopulate an 
area w i t h  a l l  t h e  i nve r teb ra tes  t h a t  
were present  p r i o r  t o  dredging, b u t  
t h a t  o p p o r t u n i s t i c  species such as the  
amphi pods Corophi um s p i  n icorne and C. 
salmonis may repopulate t h e  area much 
more qu i ck l y .  
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