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INTRODUCTION 

This report provides baseline data on three species of fish from the 

Salton Sea, California. The fishes considered were the orange mouth corvina 

(Cynoscion xanthulus), gulf croakkr (Bairdiella icistius) and sargo 
I 

7- (Anisotremus davidsonii). Morphometric and meristic data are presented as a 

baseline to aid in the evaluation of any physiological stress the fish may 

experience as a result of geothermal development. . Analyses were made on 

muscle, liver, and bone of the fishes sampled to provide baseline data on 

, elemental tissue burdens. ,The elements measured were; As, Br, Ca, Cu, Fe, 

Ga, K, Mn, Ni, Pb, Rb, Se, Sr, Zn, and Zr. 

environmentally sound progression of geothermal power production is to.occur 

a t  the Salton Sea. 

These data are important if an 

MATERIALS AND METHODS 

The fishes studied were collected from four different locations in the 

Park (SP). The next southern station was 100 m off the inflow of Salt Creek 

(SC). Our southern most station was between Red Hill Marina (RH) and Obsidian 

Butte. The distance from shore was approximately 1 km. In addition we 

sampled one deep water (11 m) station located 5 km SSW off Bombay Marina (BB). 

Fish were collected on four sampling trips of approximately one week 

. . .  duration each. These were initiated on; December 19, 1977; April 3 ,  1978; . 
2uly 10, 1978; and October 1, 1978. 

c 

2 Fish were collected with 125 ft. sinking gillnets graded from 2-in. to 

%in. stretch. 

fish was as follows: gillnets at SP, SC, and RH were set in shallow water 

The procedure for the collection and handling of gillnetted 
- 
c 



(-2 to 4 m); gillnets at BB were set on the bottom at 11 m; the nets were set 

in the evening and retrieved the next morning; the set  time ranged from 

12-18 h. 

After retrieval, fish were removed from the nets and morphometric and 

meristic data were recorded. 

were selected to provide a representative size range of the catch. 

were then individually placed in separate polyethylene bags and frozen on dry 

ice for transport to California State University, Hayward. 

If more fish were collected than needed, fish 

The fish 

Acid washed plastic utensils were used to excise portions of the muscle, 

liver, and bone. 

weighed, then dried at 60°C for at least 48 h, cooled in a desiccator and 

weighed a second time. 

450°C in increments of 50°C/h in a muffle furnace. 

The tissue samples were placed in acid washed beakers and 

The samples were then taken from less than 200°C to 

They remained in the 

muffle furnace until all organic material was ashed. For some samples (liver) 

it was necessary to pool the tissue from several fish to provide adequate 

material for analysis. 

Upon completion of the ashing process each sample was transferred to an 

.acid washed glass vial and sent to Lawrence Livermore National Laboratory for 
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RESULTS AND DISCUSSION; 

% I 

RESULTS AND DISCUSSION; 

1. Morphometrics and Meristics 

- 
Dorsal fin ray counts were made to determine if there were any deviations 

2. 

from normal dounts (Tables 1-41., ,Few abnormal dorsal fin ray counts were 

observed for the corvina or gulf croaker. 

indicated that abnormal fin ray counts existed in the sargo. 

Data from the first year's sampling 

To test if there 

was a significant difference in the sargo fin ray numbers, we counted fin rays 

from specimens in the collection at the California Academy of Sciences (CAS). 

The sargo in the CAS collection are from two different locations, coastal . 

California and the Gulf of California. 

1 Miller and Lea report the range in dorsal soft rays of sargo to be 

14-16. The sargo from the CAS collection had a range of 14-16 (~~15.59, 

S2=0.4186, ~ 3 4 ) .  The sargo from the Salton Sea had a range of 11-16 

(x=14.02, S2=0.9524, ns63). The calculated t value (9.06, d.f. =95) was 

larger than the critical t value (1.988, p <.05) indicating a significant 

difference in the mean number of dorsal soft rays between these two 

populations. 

Variations in:the number of intraspecific meristic characters has been 

attributed to a number of physical parameters. These include 

6 temperature 2838415, salinity , and In addition it has been 

recognized that variation in meristics may also be a function of productiv- 
9 

The Salton Sea is physically different from the ocean waters of coastal 

E ity . 
' . . southern California and the Gulf of California. Temperatures range from 13'C 

10 2 5 t o  over 35OC . Hubbs and Weisel both observed negative correlations 



between temperature and the number of dorsal fin rays in populations studied 

in the field, The salinity of the Sal.ton Sea in 1977 was 37-38 '/oo. 

Heuts6, studying fresh water and sea water populations of Gasterosteus 

aculeutas, found differences in the population means of dorsal fin spine and 
c - 

3 - ray counts. Taning suggested that the role of salinity may be obscured by 
I 

the relative impermeability of the vitelline membrane. 

indirect, result of salinity is the bouyancy of the sargo eggs. 

and Chamber.lain'' found that the eggs of sargo sank in sea water but floated 

in Salton Sea water. 

light in the Salton Sea than in the ocean environment. 

decreasing vertebrae and anal fin ray counts in Oncorhynchus nerka with 

increased light. The Salton Sea is an extremely eutrophic environment. 

Johnson and Barnett,' studying midwater fishes from different parts at the 

Pacific Ocean, showed highly negative correlations between productivity and 

meristic number. 

Another, though 

Lasker, Tenza 

This would imply that the eggs are exposed to more 

Lindsey8 found 

b 

Gonado-somatic indices were calculated for corvina, gulf croaker, and 

Corvina gonad weight increased in April to a sargo (Figures la, b, & c). 

maximum in July. 

indicate that spawning is not strongly synchronized 

observed several individuals that appeared to be reabsorbing the gonadal 

tissue. 

indicating late spring as the reproductive period. 

'gonado-somatic indices reached a maximum in April, indicating late spring as 

The large range in the gonado-somatic index of corvina 

12 . In addition we 
# 

The sargo gonado-somatic indices reached a maximum in April, 

Gulf croaker 

the reproductive period. Gulf croakei 

characteristics similar to sargo. 

c gonado-somatic indices showed temporal 



Liver indices are represented in Figures 2a,b and C. Liver indices were 

lowest in October for gulf croaker and sargo and lobest in July-October for 

corvina. These periods represent post-spawning times for all species. In 

addition the later periods may represent post summer temperature stress. 
c 

Macroscopic examination of stomach contents were made on corvina, gulf 

croaker, and tsargo (Table 5). Corvina fed on fish most of the year with 

their diet consisting of mollies (Poecilia latapinna), gulf croaker, and 

sargo. In April 92% of the corvina with food present in their stomachs 

contained Neanthes succinea. This may indicate a shift in the diet due to the 

dissappearance of gulf croaker and sargo during spawning. Sargo fed on 

barnacles (Balanus amphittitel most of theayear but switched exclusively to 

N. succinea in April. 

(N. succinea). 

The gulf croaker fed almost exclusively on worms 

However, 57% of its stomach contents in July consisted of 

juvenile sargo, supporting the estimate of late spring as the spawning period 

of sargo. 

Major and Trace Elements 

Mean levels of the major and trace elements detected in muscle, liver, 

and bone for the th;ree species tested are listed in Table 6. 

concentrations are within the ranges reported by other researchers. 

appear to be higher values in some of the major elements, ie. Ca, Sr, and K. 

Patterson and Settle13 found Ca concentrations in tuna muscle , liver, 
and bone to be 78 ppm, 444 ppm, and 157,746 ppm respectively (values adjusted 

to dry weight). 

tissues except corvina liver. 

Sea fishes. 

amphitrite. 

Most 

There 

Concentrations in Salton Sea fishes were higher in all 

Sargo had the highest Ca values of all Salton 

The diet of sargo consists predominately of the barnacle Balanus 

The stomachs of sargo are frequently full of barnacle remains. 

I 



Strontium follows a similar pattern of being much higher in muscle and liver 

of Salton Sea fishes, though bone concentrations are lower then reported for 

13 tuna . 
We found’ K values in muscle ( x  ~21,936ppm) to be higher than the 

concentrations Young14 found in Salton Sea fish ( ~ ~ 1 4 , 4 8 0  ppm, value 

adjusted to dry weight). 
8 

His values were similar to those found by Patterson 

and Settle13 in tuna. 

Rubidium values in our samples were also higher then the values found by 

Patterson and Settle13 in tuna and Young14 in Salton Sea fish. 

Arsenic concentrations in Salton Sea fish muscle were within the range 

reported by Heit” for striped bass. 

values found in shorthorn sculpins by Bohn and Fallis 

These values are low compared to 

16 . 
Copper values are conspicious in that they are much lower in all tissues 

16 than those found by Cross et. . a d 7  in bluefish and Bohn and Fallis . 
Zinc concentratjons are the same or lower than those found by other 

15,16,17 researchers . 
Lead values are higher than those reported by Patterson and Settle13 but 

lower than found by Heit15. 

analyses because of the difficulty in obtaining uncontaminated samples 

One should be careful in interpreting Pb 

18 

In general the’frequency of highest concentration for an element per 

. 
* 

. 

tissue is sargo >gulf croaker > corvina. 

that fish fed metal contaminated tubificid worms had higher metal body burdens 

Patrick and Loutit” found 

then those fed un-contaminated worms, In addition it was shown that the body 

burden of fish fed metal contaminated worms increased with time. Table 5 

shows that corvina fed predominately on fish while the gulf croaker and sargo 

fed mainly on the worm, Neanthes succinea, and the barnacle, Balanus 

amphitrite, respectively. 
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Tables 7, 8, and 9 present mean element concentrations per tissue per 

station for corvina, gulf croaker, and sargo. 

spacial variation in elemental concentrations. 

Salton Sea to be relatively homogeneous. 

There appears to be no obvious 

Young14 also found the 



Summary : 

1. 

characters for corvina or gulf croaker. 

There appeared to be no significant variations in observed meristic 

2. Sargo showed reduced dorsal soft ray frequencies that were 

significahtly (p <.05)  lower than fish analyzed from other locations. 

, 

3. Major elements were generally higher in concentration than reported by 

other researchers. 
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Table 1. Morphometric and meris t ic  data for  f i r s t  sampling period (12-19-77). 

Fish Body S t d  
8 

* i  No . W t .  Length Go-So Liver Fin-Ray 
i s h  species  Locat ion g . cm Index Index Count 

A 603.5 33.0 - 0.027 DX+I,20 * :  .- Cynosion xanthulus SSSP 
I - 0.031 DIX+I,20 SSSP B 621.3 33.5 

SSSP C 687.8 34.5 0.029 DIX+I , 21 
SSSP E 785.7 35.0 - 0.042 DIX+I,20 
SSSP 

s-SSSP F 844.7 35.5 0.001 0.038 DIX+I,20 
s-SSSP G 906.5 38.0 0.001 0.024 DIX+I,22 
s-SSSP H 1142.9 41.0 0.003 0.021 DIX+I,20 
s-SSSP I 1202.5 44.5 0.007 0.014 DIX+I,21 
s-SSSP J 1315.2 44.5 0.001 0.017 DIX+I,20 
s-SSSP K 1422.7 45.0 0.001 0.022 DIX+I,20 
s-SSSP L 1469.7 45.5 0.001 0.018 DIX+I,20 
s-SSSP M 1515.0 47.0 0.001 0.013 DZX+I,PO 

s-SSSP P 1879.0 49.5 0.001 0.017 DIX+I,20 
s-SSSP Q 1973.2 50.5 0.001 0.017 DIX+I,20 

D 730.4 34.5 - 0.032 DVIII+1,20 

sc N 1738.6 40.5 0.001 0.012 DVIII+I,22 

Anisotremus 
davidsonii  SSSP A 296.6 20.5 0.014 0.021 DX1,13 

SSSP B 289.8 21.0 0.003 0.011 DX1,14 
sc C 247.1 19.5 0,010 0.011 DXI,12 

Bairdie l la  
i c  i s  t i u s  SSSP A 106.6 17.0 0.013 0.016 DX,28 

SSSP B 108.3 17.0 . 005 -012 DXI,26 
SSSP C 189.6 21.0 -003 -019 DX,28 
SSSP D 221.1 22.0 .012 .018 DXI,29 
SSSP E 231.1 22.0 0011 -020 DXI,28 
SSSP F 232.8 21.0 .014 .017 DXI,27 
SSSP G 252.0 22.5 .014 .019 DXII,28 

317.3 24.5 .013 .018 DX1,28 
105.4 16.5 -018 DXI,27 

.018 DXI,28 
-012 DXI,27 
-012 DXI,25 
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Table 2. Morphometric and meristic data for second sampling period (4-3-78). 

F i s h  Body Std 
No . W t .  Length Go-So Liver Fin-Ray 

e 1 Fish spec ies  Locat ion g cm Index Index Count 

* Cynosion xanthulus SSSP A 1032.5 42.0 0.004 .037 IX+I,19 
SSSP B 1430.8 46.0 0.019 .020 IX+1,20 
SSSP C 1871.9 50.0 0011 .015 IX+I,21 
SSSP D 2326.8 52.0 .010 .014 IX+I,20 
SSSP E 3690.0 66.5 . 003 .001 IX+I,18 
sc F 752.1 35.5 .002 .027 IX+I,21 
sc G 788.2 26.0 .003 .032 IX+I,19 

.041 IX+I,22 sc H 987.3 39.0 .003 
sc I 1609.2 47.0 0012 .019 IX+I,22 
sc J 1701.2 48.0 -012 -015 IX+I,21 
sc K 2823.0 50.0 .023 ,011 IX+I,20 

RHM M 1272.1 42.5 .012 .014 IX+I,21 

RHM P 1578.8 47.0 .013 .024 IX+I,20 

r i  
1- L 

RHM L 1120.7 40.0 .004 .036 IX+I,20 

RHM N 1411.2 43.0 .012 .024 IX+1,20 

RHM Q 1914.2 51.0 . 009 .017 IX+I,9 
An i s  o t r emus 

davidson i i SSSP A 100.2 14.0 .057 .015 DXI1,12 
SSSP B 76.3 12.5 -088 .006 DXfI,l3 
SSSP C 75.0 13.5 .056 -005 DX11,13 
SSSP D 319.3 20.5 .089 -019 DXII,13 
SSSP E 390.0 21.5 -085 .028 DXI1,12 

Bairdie l la  
i c  i s  t i u s  SSSP A 140.9 17.5 - -006 XI,29 

SSSP B 209.1 21.0 .068 .024 X1,26 
SSSP C 316.0 23.5 ,069 -029 XI,25 
SSSP D 431.9 25.5 .085 -027 XI,27 
sc E 98.6 16.0 -055 -010 XI,24 
sc F 253.9 22.0 .083 .028 XI,30 

-094 -041 XI,26 
-099 0026 XI927 

e010 XI325 
204.8 20.5 .020 XI,27 
344.5 24.0 .088 -025 X1,26 
442.2 26.0 .079 .030 XI,25 

0013 X1,25 

.047 XII,26 

h 



Table 3. Morphometric and mer i s t i c  da t a  f o r  t h i r d  sampling period (7-10-78). 

Fish  Body Std 
No. W t .  Length Go-So Liver Fin-Ray 

Fish  spec ies  Loc a t  ion g - cm Index Index Count * :  

3 

c Cynosion xanthulus SSSP A -  1609.0 47.5 -041 .019 IX+1,21 

RHM C 166.0 20.5 .002 -015 IX+I,l9 
RHM D 214.0 22.0 004 0011 IX+I,20 
RHM E 252.0 22.5 .004 -006 IX+I,20 
sc F 955.0 39.0 .027 ,023 IX+I,20 
sc G 1550.0 46.5 .039 .013 IX+I,20 

sc I 1640.0 45.0 0109 .022 IX+I,21 

sc K 2078.0 50.0 .033 0020 IX+I,19 

SSSP B 2184.0 51.5 .024 -021 IX+I,21 

sc H 1633.0 49.0 e030 -015 VIII+I,21 

sc J 2002.0 50.5 .026 .023 IX+1,20 

RHM L 5100.0 70.0 -054 .011 IX+I,21 
An is0 t remus 

Ba i rd ie l  la 
davidsoni i  SSSP A 432.0 22.5 -013 .016 XI,12 

i c i s  t i u s  SSSP A 69.0 15.0 .003 -003 X,25 
SSSP B 125.0 17.0 .005 .006 X,25 
SSSP C 194.0 20.5 .023 ,007 X,27 
SSSP D 271.0 22.0 .030 .017 X,29 
SSSP E 394.0 26.0 -053 -016 X,26 
RHM F 81.0 15.0 - .001 X,27 
RHM G 213.0 19.0 -023 -005 X1,26 
RHM H 230.0 20.0 .008 -008 X,28 
RHM I 289.0 21.0 -012 -008 XI,27 
RHM J 415.0 25.0 .036 .013 X1,28 
sc K 79.0 14.5 -002 -009 XI,26 
sc L 93.0 15.5 .006 ,007 Xf,26 
sc M 161.0 19.0 .008 .003 XI,27 
sc N 252.0 22.0 .044 .004 XI,25 
sc P 352.0 24.5 .031 .013 X,28 

.* 

% 

3 
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Table 4. Morphometric and merist ic  data for  fourth sampling period (10-1-78). 

Fish Body S t d  
NO W t .  Length Go-So Liver Fin-Ray 

F i s h  spec ies  Location g . em Index Index Count 

8 

0 Cynosion xanthulus SC A 501 31.5 . 001 -017 IX+I,19 sc B 600 33.5 .OOl .010 IX+I,19 
sc C 785 35.0 .004 .020 IX+1,20 
sc D 2700 56.0 .006 .010 VIII+I,20 
sc E 5700 75.0 .010 0009 IX+I,20 
SSSP F 436 30.5 .003 .017 IX+1,20 
SSSP G 6 04 32.0 . 001 .019 IX+1,20 
SSSP H 7 24 33.5 - .014 IX+1,21 
SSSP I 1402 40.5 - -013 IX+I,21 
SSSP J 1776 49.5 .004 .013 IX+1,18 
SSSP K 2450 56.5 .Oll -016 1x+I,20 
RHM L 338 26.5 . 007 -031 IX+I,18 
RHM M 37 2 27.5 . 010 .025 IX+I,20 
RHM N 508 31.0 . 011 .017 IX+I,20 
RHM P 517 31 .O .014 .016 IX+I,21 
RHM Q 536 32.5 .010 0020 IX+I,20 

Anis o t remus 
davidsonii  sc A 160 17.0 .027 -021 XI,13 

SSSP B 294 21.0 .015 -013 X,14 
SSSP C 354 23.5 -002 .011 XII,14 
SSSP D 394 21.5 .003 .012 XII,13 
RHM E 111 15.0 .011 .013 XII,13 

F 282 21.0 .007 -009 XI,14 m 
RHM G 292 20.9 .005 .017 XI,14 
RHM H 350 22.5 -018 .006 XI,14 
RHM I 401 23.0 .017 .011 Xf,14 
RHM 47 2 24.5 -004 -017 XI,13 

sc 110 18.0 
sc 230 22.5 
sc C 
sc D 
sc E 

Bairdie l la  

F -006 XI,26 
G .006 XI,27 
H -005 XI,24 
I 
J 

.OOl .009 XI,26 K . 001 .004 X,29 L 
M -010 -006 XI,26 

.010 .004 XI,26 N 
P -014 .008 Xf,27 

c 

4 -  

RHM Q 



Table 5 .  
and sargo. 

Percent frequency of  food items i n  stomach of  corvina, gul f  croaker, 
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