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SEASONAL VABIATIONS IN THE BENTHIC INVERTEBYATE 
FAUNA OF TIEE SAM JOAQTJIN RIVER ESTVART OF 

, - CALIFOENIA, WITH EMPBASIS ON TBE A~'II?HTPOD. 
. . COROPHIUM SPZNICORNE STIMPSON 

. . . .  1 0 I FREDERICK A. . ~ L D I ~ I C H  
'.. 

1 Acadcnay of ~\ 'at~onl  Sciences o! Pt~ilotiulphiu ---_ 

; \ s s ~ ~ . $ c ~ . - S t ~ r \ ~ e y s  oi the benthic i~~\-.?rtel,r:rrc i z ~ ~ n a  of ihe h n  J o a q ~ ~ i n  River in . - 
the \.icinity of Antioch, Cnlifornia. indic::terl a ~.r-!l:itrrely constnnr s~~ecic.? composition 
in 31:ly and A u g u ~ t ,  1955. Do~ninilnt  litt.o~.:il s!)ecies ware the ;\sintic: c1;inl Corbic~tla 
jl~c~rlitleo (Miiller) and the ect.oproct C'onope~c.)t~ ccjt)lntcnsnle iTiirkp. and 11t:tz.). 

The dorninnntform li\.ing in tile river. t )or iur~~ was the tube-dtvelling ;inipltipo<:l 
Coropltiltnl. spiwicorne Stimpson. wit11 nu~nl>ers ot' li1i3 species increasing wirll ;In incl.o;r*c? 
in thc cl~lo~.idc content of t l ~ e  \wter.  Tho incidence of ( 7 .  S ~ ~ : I ~ C O I . ~ P  wzs i0l111d to he 
associated with brackisi~ water and dep t l~s  where the substrata \\.ere predon~ini~nily sond, 
grnvel, or clay. 

Thc material upon which t.his stucly is based was collected in tlie course 
of two surveys of t,he San Joacluin River, California. The  first survey was 
n ~ a d e  in M a y ,  1955, the  second in August of the same year,  hy the ~ e ~ n r t -  
nlent of t i i nno logy  of the .Acaclemy of Natura l  Sciences of Philadelphia. 
Tliesc pel-iods were chosen to ~ ~ e p r e ~ c n t  Ion- flow nnd high flow conditions, 

' ior as Sumncr e l  nl. ('1928) obrerrcil ior  the 8nn  Franciscp Bay area; '; the 
'situation is . . . coinplicuted by seasonal differences in the aioount of water 

discharged by the tributary streams, the  run-off being ordinarily five times 
as great during tile first six ~ ~ l o n i i . ~ $  of tAe yenr its iiurirlg the I i i~ i ;  ail\: iii3i-ttI1ii." 

Two areas, designated " Antioch '' and Br:tdt'ord," were chosen for 
stuiiy (fig. 1) .  The  Antioch area, adjacent to  tlic bridge which crosses the 
river just upstream of t h e  town of Xnt,ioch, is some 55 ~?liles I)y cli:~nnel 
fr-,-!? t!ic mo~,!t!~ cf ynr, Frnyifc.2 y3:;, T!,;? -~,-rr--o =,. \.;-I- ...,.. t ; , . im  .. <. . l ;o ;* .?  . 1 . : . .  !T'- 

. .  7 2 I -'l. - -  . C "  . . .  . - 7 . : .  . , . ,  .. '.- . . , > .  > .  7 
v".L<L, UIAG'L "i L I,.C,L ,La".=, ,..;a "." , J P U .  -... d Gl,LL*..L ... L.- ... G < --*..--..-.. 
in Filice's recent stuclies of faurlal and aubst.rtrte clistrih!ition witllin the San 
Francisco B a y  estuary. The  Bradford area,  between T~vit,cllcll and Bracl- 
ford Islands, is located solnc I 1  ulilcs farther ul)strcam from Antioch, or 
abouc 19 miles downstrenlu from Stockton, Califilniia. 
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FIGURE 1.-Chart o/  collecting nrens in the San Joaquin River. . 
. - 1  

Both areas were collected thoroughly for littoral benthic invertebrates. 
Subsequently, a series of sanlples mas taken in the tleeper water in each 
area by lneans of a weighted Peterson grab. Tovtccon~plish this a series of 
subst,ations was established which traversed the width of the river and 
paralleled any islands tha t  occurred within the two areas. The  number of 
such substations was a s  follows: 

- .  May August 
. . . . . . . . . . . . .  .Antioch 33 35 

Bradiord . . . . . . . . . . .  14 16 

A t  each of the substations three clrc!clge-loads of bottom inateri~tl  were 
mised together and this composite was then passed through niat,ched fitt,ed 
screens and searched for organisnls. Thus, a t  Bradford in May,  for exam- 
ple, a total of 42,gmbs was nlacle, constituting the 14 samplcs from this 
arca. Tlic clredging was done from thc 2s-foot Frnzer River giil net  launch, 
The Striper? belonging to the Ca!ifolnia Departnwnt .of Fish and Game. 
flckno~vlcc!gn~e!it is here gratefully made of ihc state's cooperation, and of 
the assist;ince of t.heir l~oatman,  h l r .  Tincent ~ a t a b i a .  

Personnel assist.ing \\-it11 the dredging phases of the survey work were 
Drs. Ruth Patrick,  ,John cairns, Jr., and C. 11'. Reinier, all of the Depart-  
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nlent of Limnology. Cheniicnl L ~ I ~ : I I ~ s c : :  of tlie ~vntcr eve? tlie t ~ v o  survey 
areas were mnclc- by ?.liss: Y\.onnc! H.  S-:nbey, of t!!c Lilunology Depnrt- 
~nent ' s  Division of Es t t~u~ . inc  Science. I ::m also indebted t.o Miss Swabey 
for tlie st.atisticn1 :inillysia of ilie iliiia presen~cd hcrt .  

Partial results of the clie~nical a~lalyses of the water are presented in 
Table I .  The values prcsented were clctermincd on bottom water collected 
with a Kemmerer water sampler. 

TABLE 1.-Characteri.?tics o/ bottom ?cater sam 11 
2 , o v  p/_ = 'oLqAntiorh ,OD Bradford 

a m 3  

Water May .-\ugusi May August 

Chnrncteristir: . - High , Low High _ High Low High Low 
I -  _ - 

Chloride (ppm) . .. . . 17 15 1330 9SO 14 12 300 130 

7 4 7.5 7.2 

Antioch and Bradford increased considerably i n  August. These are all low 
values when oue considers t,he situations encountered in Inore senward por- 
tions of estuaries, but they do denote tlie change fro111 fresh water to hrack- 
ish water to ~vliich benthic organisms in such areas as these arc subject,cd. 

Species of inlrertebrates collectcc.1 cluring the surveys are listed in Table 2. 
\ ' 

TABLE 2.-List of inverlehrate species. X equals presence i 7 ~  area. 

August 

Species Brndford Brndford 
Cordylophora Izrcustriu . . . . . . X X 
Conopeum commenmle . . . . . S X X X -*IC 
Neanthes succinea . . . . . . . . . . X 5 X X 
Capitella capitata . . . .7. . . . . X a 

Undet. Oligochaeta sp.  1 . . . . X 
Undet. Oligochaetu ep. 2 - .  . S f 5 
Corh+mln Pirmineq .. . . . . . . . . -Y X Y 

\ ' > P;adztim occde?rtnlis . . N. . . X X 
' Balnnus improvisux . .?. . . . . . X 8 X d 

Rithropanopeus hnrrkii X _Y X X 
. , -  . Corophi~im spi.r~icorns . b! : : : X X X 

Synidoten s p .  . . . . . . . . . . . . . . . .X X X 

oC 
collected in May, and again in August. Dotniriant and consistently pres- 

. ent were t.he ,Asiatic clam Corbicula flun~inen (SliilIer) and ihe ectoproct 
Conope.wn com.met~sale (Kirkp. and 3let.z.). Equally consistent in their 
distributions, hut in fewer' numbers, were the crab Ritlrropanopeus harn'sii 
(Gould) and the Ncreid polychnetc Neanthes a~lccinea (Frey and Leuckart). 
The amphipod C o r o p h i u n ~  spinicorne Siirnpson assumed a dorninani position 
orliy in the aradgeci salnpies. 
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-4 c~nsiptpnt;  rlifferenrp ir,  kiprlc nf cnprioc 11r.tn.onn t l?n t1r.n ?.rnn: y-? .~ thn 
:~l-,sencc of t ! i ~  b~rnc i r l e  H.rln??ilr  ; ~ I ~ ~ ~ o z * ~ s ~ , . T  D ~ Y T Y ~ R  i ~ ?  !I?? I3rzdford are.. 
This form occurred at  -4ntiocll on both surveys. Tllc numbers and kinds of 
sl:,ccies ren~ained reinarkably constant between the two surveys. Seasonal 
differences in the overall fauna were slight, such as the absence of the 
colonial hyclroid Corclylophora lacirstris -4llman a t  Antioch in $lay and its 
presence there in August. 

I t  was in an  esnmination of the  dredge data  that. tlie most interesting 
i r ~ ~ o i ~ l n a t i o ~ ~  cnlue r:o iighc, however. - 4 ~  lnentioned earlier, the do~n incn t  
henthic for111 froln the dceper areas was Corophizan spir~.icorne, a t.ube-dwell- 
ing nmpliipod (Family Corophiidae! (figure 2) .  Bi~rna rd  (1952) reported 
a range for t,hie species fro111 hlorro Bay ,  San Luis Obispo County (Cali- 
fornis) ,  to ;l~nchit.ka Islsnd,  Alaska, and i t  has beer1 rcl.)orted as a colnlnon 
re ident .  ill t i l e  sea wnci a t  the  mnut!~s o i  rivers (Carl ,  1937). 
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i FIGURE 2.-Grot!<d ~ p ~ c i ~ ~ i ~ ~ i . ~  o! COIIOPIIIUM S P I X I C O I ~ S E  S t i ~ i t p s o i ~  jrovt B r o f l j o ~ d  thnt ::.. 
co!lccti)tg nrca, S I I I L  Joc~q~r in  River, Calijortlin. A~cg;rst, 19%. x 10. i t5  :. 

Tlie ii~cidence of c'. spinicorric in the dredged samplce is presented in i Finct. : 

T:ible 3. I ;!!.cL?<. 
r > 

I I c. \c;; . 1 here was an  apparent increase ir! the incidence of C. spinicorne .coinci- 
1-1,: d e ~ t  \vitli t,he increase in the chloride content from nlny t,o August at both 

I 



Antioch . Bradford 
May August May August 

No. of dl.cdged enmples . . . . . 33 35 14 IS 
No. of C. spitzicortrr: . . . . . . . . 471 1451 595 852 
hlcnn no. C. spinicoriie . . . . . 14.3 41.3 42.5 53.3 
Sltl. Error . . . . . . . . . . . . . . . . . . 2.4 9.7 9 .O 11.9 

Antioch anti Braclford. The increase in ampliipod populations was rnost 
drastic nn:l ilr:umntic a t  Antioch, where the rneali number per cfredge in- 
creaseti from 14.3 + 2.4 in ;\lay to Ql..i + 9.7 in August. This was concurrent 
with an increase in chloride content from a mean of 16 ppnl to 1155 ppm. 
When tcstecl for significani:e, the increase in C. spinicorne a t  Xnticich and 
in the two areas taken as  a whole provecl to  be significant a t  the 9570 level. 
The apparent increase a t  Braclford \\-as not of significant magnihde. 

The clistribution of C. sp in icor~~e  with respect tci salinity 11as been noted 
by sever:~l investigators. This forln, ~vliich is evidently marine in origin, 

/) 
has been reportetl fro111 h m. ' 

IVhile BIacGinitie (1935) found 
i t  a t  34 ppt salinity in Mont,crey Bay,  Shoemaker (1949) reported its occur- 
rence in the domestic water supply of the city of San Francisco. 

Srnit.11 (1953) referred to C. spiniconre alternately as a " lnarine " and 
its B '' brackish " i ~ a t e r  for;;;. ieljoi.ting i t  from the Salinaa River (Cali- 

,\fornia) estuary a t  salinities as low as 2.270 sea ~va te r  (or 0.8 ppt) .  I n  the 
Snn Francisco Bay area Filice (1958) found t h a t  this anlphipod mas niost 
.numerous near the upper limits of the estuary in the vicinit!: of Antioch. 
He  classified the species as  a " wide-ranging marine euryhnline form " 
occurring as  i t  did . ---.---..---- a t  salinities - ..- up to  19 ppt. The resuits presented here - .- . -..-- ' 

certainly extend the range of C. spt7~rcorr1Tf$rther up the San Joaquin to 
an area where the water remains re la t iv~ ly  fresh even in t,he summer. How- 
ever, the data do indicate a t  either location (Antioch or Bradford) that  the 
more saline conditions notccl in August were Inore favorable for C. spi7i.i- 
corne. 

But  is chlorinity the only governing factor? It is evident that if i t  were 
one mould expect a proport,ionately greater population a t  Antioch than a t  
Erndford in August. Such was not the case. The mean nunlbcr a t  Antioch 
was not greatly different from that  a t  Brnilfcil.d ancl tenclecl to .be lower 
rather than higher. 
, ' In  his discussion of Co~ophi~ i ,n  vol.utntor Pallas, H a r t  (1930) concluded 
that  t.liis species, able to  ~vithstancl great changes in salinity w7as limited 
in its abundance by t,he chernic.al ancl pliysicrtl characters of the sulzstraturn. 
Since the depth of water ant1 tlie typc of substratum aalupled n t  eacll of our 
dredge substations were recorded, information permitting an analysis of the 
c. sp;,. . . L L , ~ .  :.. ;; .... # L C  iL3t3 1 iil . rciatiiin t o  L:i~.ad ~ P I I ~ . S ~ C I L I  dais  ii-ha ; l ~ t r i i i t L i c .  

"-3 . , -  . .  . ,  . . . -- . . 
s ur; :~btiiLui;u*& 01 b. ~ ~ C I L L C ( / I . ~ L ~ :  \ , 1~11  u e p b ~ i  la ~ I . C . S C I I W U  iil 1 i lu i r  -i. 
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found if the ainphipods were distributed randomly, and were based on the 
nunlber of silnlples obtained in each depth interval. 

TABLE 4.-Distribution of COROPHIOM SSPIKICORSE, with depth.  

May August 
Antioch Bradford Antioch Bradford 

T).?t!l Inter,,nl 3: C. S. N7. nf C' No.  oj C .  s. No.  oj C. s. - 
(in feet)  Exp. Obs. Erp. Obs. r.sp. Obs. Erp. Obs. 

c-10 2-71 322 (t) 340 279 (-) 415 210 (-) 320 265 (-1 
11-20 99 119 (+) 42 2 (-) S O  464 (-1 107 142 (+) 
21-40 100 30 (-) 127 202 (+) 290 632 (+) 107 63 (-) 

over 40 ' 0  0 85 112 (t) 416 145 (-) 321 382 (+) 

I t  is e\~idcnt froin the table that  nunlbers of C. s p i ~ ~ i c o r ~ ~ e  obseri-cd devi- 
ated from the expected frequencies a t  both locations and on both surveys. . 

The der-ifitions were sufficiently large for stat.istica1 tests to sholv that the 
amphipods were not randomly distributed among the depth intervals, but 
\yere concentrated a t  different le-:els. These levels varied bct.\veen the sta- 
tions ancl between the surveys. In  33ay excess numbers oc,curred in the two 
levels above 20 feet in Antioch, but a t  depths greater than 20 feet a t  Brad- 
ford. In  August the excess numbers a t  Antioch occurred between 21 and 40 
feet. while those a t  Bradford occurred in alternate intervals as shown. Con- 
sidering then the Antioch area in the t v o  Peasons, i t  will be noted that  
the excess populations of amphipods occurred a t  depths 20 feet. deeper in 
August than they did in May. In  the Bradford area the greater numbers 
were found in the deepest water in ;\,lay, while in August the 11 to 20 feat 
level was increased by the depletion of the interval below it. These rather 
definite selections of certain depths may indicate a predilection f o r a  given 
depth per se, or for some feat,ure associated with tliat depth. Such a feature 
or characteristic may be substratum. 

The dist.ribution of substrate type with water depth is shown in Table 5. 
The percentage of the samples taken in each depth interval \vilich was pre- 
dominantly sand, gravel, peat, mud or clay is indicated. The relative abun- 
dance of C. spinicorne in the various depth intervals is shown by the signs 
of the deviations fro111 expected frequencies (table 4).  

I t  has been noted that  there was a st.rikixig difference in the numbers of 
C. spinicorne in t,he first two depth intervals in the two areas in May. Tne 
data in Tablc 5 show that tlie large numbers of C. s. a t  Antioch were assocj- 
sted with a substratum t,hat was predominantly sand. The dearth in these 
le\:els a t  Bradford occurred on subsl:.ata ~vhich.wcre mostly peat and sand. 
The 1at.ter paradox may be explained by the fact that only one sannple was 
obtained a t  the 11-20 foot ievel a t  this station and nlay not have been 
rel~reaentntive. The fact that, the excess numbers of C. spin.icorn.e a t  Brad- 
ford were associated with sand and gravel substrata a t  dccper levels indi- 
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TABLE 5.-Disli-ibulion o! substrule l y p e  ~ri t l i  1c:alrr t i c p i l ~ .  Devinliotls in  numbers 
of C O R O P H I U ~ I  SPISICORSE ore t h o ~ e  jrottb Table  4 .  

Deviation 
Depth, No. of Per Cent of Samples : in Nos. of 

Month Area feet Snmples Sand C;r:rvel I'ent Mud Clay C.s. 
May Antioch 0-10' 

4 
11-20 
21-40 

over 40 
May Bradford 0-10 

11-20 
21-40 

over 40 
August Antioch 0-10 

11-20 
21-40 

over 40 
August Bradford 0-10 

11-20 
21-40 

over 40 

cates that this negative association \vit.h sand was not necessarily typical. 
Again in August, the excess populations were generally associated with sand 
and gravel substrata, although mud and peat a t  the 11-30 foot interval 
accounted for some of thein a t  Bradford. 

Of particular note is the seasonal change in the substrata a t  each loea- 
tion and the associated changes in depth distribution of the amphipods. 
I t  is clear that  the sandy substratum found a t  dcpths to 20 feet a t  Antioch 
in the spring was partially replaced by peat and mud in August, and a t  that  
time most of the amphipods were associated with greater dept.hs where the 
substratum was predominantly sand. Such changes were not so clear-cut a t  
Bradford, but the tendency to\vard t.he sand or gravel habitat was evinced. 

This body of data \vould indicate that  mud and peat were less favorable 
habitats for C. spinicorne than were sand, gravel and clay. Sirnilnr results 
were found by Filice (1958) in the more seaward portions of the estuary. 
He felt that  C .  spinicorns avoided mud and fiivored sandy subsi.rata. 

I n  order to determine if one bottom type supported greater numbers of 
Corophium than another, the samples from each location were classified on 
the basis of the major component and t,he incidence of the amphipod tallied 
for each type. These dat::! are presented in TzS!c 6, togzthcr -,~it!l the nuin- 
h?rc of c. q+i:cmc c~~cc-c:! C?. t!:~ 1 - c  bu3 - i ;  ,-,f I1 L i a ~  . ..,.. I L U ~ ~ ~ U C I .  ' u i  b i l l l b P ; ~ 3  0; eacii 
type of substratum. Nunlbers which deviated significantly from expected 
frequencies are indicated by the (+) and (-) signs. 

It can be seen t.hnt C. spinicorne a t  all times either att.ained or exceeded 
expected numbers in sand; in clay when i t  was available. This was usually 
true for gravel also. The data definitely indicatccl an aversion to peaty 
substrate throughout the area and to mucl when mud bccame a major com- 
ponent of the substrate. The fact that. in hIav mud did not occlir ir! tile 
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i n  t , l ~ e  t l i s t~ r iha t ion  of t h e  a rn l~h i l )ods .  We h a v e  seen t h a t  w h e n  n l u d  became 
a d o ~ n i n n n t  i e a t u r e  of t,he b o t t o m  to a clepth of 20 f e e t  a t  X n t i o c h  i n  A u g u s t  
t h e  major inciclcnce of Corophiz~m s h i f t e d  to g r e a t e r  dep t l l s  w h e r e  sand 
p r e d o m i n a t e d .  

May August 
.411rloci1 nradio~.d An~iocil Eradiorli 

S o .  of C. s. Xo. of C. s. KO. of C. s. No. of C. s. 

S u h s t ~ l t u m  Esp. Obs. Exp. Obs. Exp. 01)s. Exp. Ohs. 

. . . . . . . . . .  Sand 300 325 255 243 663 955 (+) . 426 604 (+) 
. . . . . . . .  Gravel 43 10 (-) 42 33 83 2 4 4 ( t )  54 42 

. . . . . . . . . .  Peat 43 0 - 255 216 (-.! 200 76 (-) 160 78 (-) 

. . . . . . . . . .  i\,lr~d 43 36 0 0 415 176 (-) 213 128 (-) 

. . . . . . . . . .  Clay 43 90 (+) 42 103 (+) 0 0 0 0 

O ~ c r a l l ,  t h i s  s t u d y  h a s  i n d i c a t c d  the greater incidences  of Corophium 
sptnicorne i n  the San J o a q u i n  R i ~ e r  were assoc ia t ed  w i t h  b r a c k i s h  water 
2nd  cteptlls w h e r e  t h e  sul)str?.ta w e r e  p r e d o m i n a n t l y  s a n d .  g r a v e l ,  or c l a y .  
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