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INTRODUCTION
This report provides baseline data on three spécies of fish from the

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

. (Cynoscion xanthulus), gulf croakér (Bairdiella icistius) and sargo

(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 burdemns. The elements measured were: As, Br, Ca, Cu, Fe,

. Ga, K, Mn, Ni, Pb, Rb, Se, Sr, Zn, and Zr. These data are important if an

LY

environmentally sound progression of geothermal power production is to occur

‘at the Salton Sea.

MATERIALS AND METHODS

The fishes studied were collected from four different locations in the

Salton Sea. The most northern station was 50.m off shore of Salton Sea State
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 épproximately 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

o o5

duration each. These were initiated on: December 19, 1977; April 3, 1978;

July 10, 1978; and October 1, 1978.

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

5-in. stretch. The procedure for the collection and handling of gillnetted

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

te rn . M e e g Y, 7
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(-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. If ﬁore fish were collected than needed, fish
were selected to provide a representative size rénge of the catch. The fish
were then individually placed in separate polyeﬁhylene bags and frozen on dry
ice for transport to California State University, Hayward.

~ Acid washed plastic utensils were used to excise portions of the muscle,
liver, and bone. The tissue samples were placed in acid washed beakers and
weighed, then dried at 60°C for at least 48 h, cooled in a desiccator and
weighed a second time. 'The samples were then taken from less than 200°C to
450°C in increments of 50°C/h in a muffle furnace. They remained in the
nuffle furnace ﬁntil all organic material was ashed. For some samples (liver)
it was necessary to pool the tissue from several fiéh to provide adequafe
materialeor 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

elemenfal analysis by x-ray fluorescence.

4
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. RESULTS AND DISCUSSION:
1. Mofphohetrics and Meristics

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

, from normal cdounts (Tables 1-4). Few abnormal dorsal fin ray counts were

observed for the corvina or gqlf croaker. Data'froﬁ the first yéar's Sampling
indicated that abnormal fin ray counts existed in the sargo. To testiif there |
wés a significant differeqce in the sargo fin rayvnumbers, we counted fin rays
from specimens in the collection at the California Academy of Sciences (cas).
The sargo ih the CAS collecfion are from two different locations, coastal
California and ‘the Gﬁlf of Califo:nia. |

Miller and Lea! report the range in dorsal soft rays of sargo to be
14-16; The sargo from the CAS collection hgd a range of 14-16 (x=15.59,
82=0.4186, n=34). The satg; from the Salton Séa.had a range of 11-16
(x=14.02, $2=0.9524, n=63). The calculated t value (9.06, d.f. =95) was
iatger thén the critical t value (1.988, p <.05).indicating a significant
diffefence in the mean number of dorsal soft rays between these two
populétions. |

Variations inztﬁe'number of intraspecific meristic characters has been
attributed to a numbér of physical parameters. These includé

2,3,4,5 7,8

‘temperature s salinitye,-and light'’". In addition it has been

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

» The Salton Sea is physically different from the ocean waters‘bf coastal

. pouthefnuCalifornia and the Gulf of California. 'Temperatures'range_from 13°C

10

to over 35°c*0. Hubbs?

and Weisels both observed negative correlations
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ray counts. Taning

between temperature and the number of dorsal fin rays in populations studied
in the field., The salinity of the Salton Sea in 1977 was 37-38 o/60.

Heutsﬁ, studying fresh water and sea water populations of Gasterosteus

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

3 suggested that the role of salinity may be obscured by

the‘relafive }mpermeability of thé vitelline membrane. - Another, though
indirect, rééult of salinity is the bouyancy of the sargo eggs. Laskér, Tenza
and Chambe_rlain11 found that the eggs of sargo sank in sea water but floated
in Salton Sea water. This would imply tﬁat the eggs are exposed to more

8

light in the Salton Sea than in the ocean environment. Lindsey"” found

decreasing vertebrae and anal fin ray counts in Oncorhynchus nerka with

[y

increased light. The Salton Sea is an extremely eutrophic envifonment.
Johnson and Bar_nett,9 studying midwater fishes from different parts at the
Pacific Ocean, showed highly negative‘correlations between productivity and
meristic number. |

Gonado-somatic iﬁdices were calculated for corvina, gulf croaker, and
sargo (Figures la, b, & é). Corvina gonad weight increased in April to a
maximum in_July. The large range in‘the gonado—somafic index of corvina
indicatebtﬁat spawning is not strongly synchronized;z. ‘In addition we
observed several éndividuals that appeared to be reabsorbing the gonadal

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

indicating late spring as the reproductive period. Gulf croaker

'gonado-Somatic indices reached a maximum in April, indicating late spring as
- the reproductive period. Gulf crpaker gonado-somatic indices showed temporal

. characteristics similar to sargo.
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Liver indices are represented in Figures 2a,b and c. Liver indices were
lowest in October for gulfycrééker and sargo and lowest in July-October for
corvina. These periods represent post-spawning times for all species. 1In
addition the later periods may represent post summer temperature stress.

Macroscopic examination'of stomach contents were made on corvina, gulf
croaker, and 'sargo (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 amphitrite) most of the year but switched exclusively to

N. succinea in April. The gulf croaker fed almost exclusively on worms

(N. succinea). 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 three species tested are listed in Table 6. .Most

conceéntrations are within the ranges reported by other researchers. There

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

3

Patterson and Settle1 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). Concentratiéns in Salton Sea fishes were higher in all

tissues except corvina liver. Sargo had the highest Ca values of all Salton

Sea fishes. The diet of sargo consists predominately of the barnacle Balanus

amphitrite, The stomachs of sargo are frequently full of barnacle remains.

— e v Ay b
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‘tissue is sargo >gulf croaker > corvina. Patrick and Loutit

L)

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

_tunaT.

" We found K values in muscle (x =21,936ppm) to be higher than the

.concentrations Youngl4 found in Salton Sea fish ( x=14,480 ppm, value

. adjusted to dry weight). His_Qalues were similar to those found by Patterson

13

and Settle in tuna.

Rubidium values in our samples were also highé: 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 Heit15 for striped bass. These values are low compared to

values found in shorthorn sculpins by Bohn and Fallisl6.

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

than those found by‘Cross ec.‘é1.17 in bluefish and Bohn and Fallisl6.

Zinc concentrations are the same or lower than those found by other

researchersls’16’17.

13

Lead values are higher than those reported by Patterson and Settle =~ but

15

lower than found by Heit ~. One should be careful in interpreting Pb

analyses because of the difficulty in obtaining uncontaminated samplesls.

. .In general the'frequency of highest concentration for an element per
19 féund

that‘fish fed metal contaminated tubificid worms had higher metal body burdens
then those fed un-contaminated worms. ;In addition it was showﬁ that;thevbody'

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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'_Tab1¢s17, 8, and § present mean element concentrations per.tiséue per
station for corvina, gulf croaker, and safgo. ‘There appears to be no obvious
spacial variation in elemental concentratibns. Young?‘4 als; found the
Salton Sea to be relatively homoéeneous.

-Tables 10 through 18 present elemental concentrations of the sampled

tissues relative to sampling period. There'appéars to be no temporal

variation in elemental concentrations.

-
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4_Summary:

l. There appeared to be no significant variations in observed meristic

characters for corvina or gulf croaker.

2. S?rgo showed reduced dorsal soft ray frequencies that were

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

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

other researchers.

4. In general, most trace elements were within the same concentration

range, or lower, when compared to other studies on fish.

-
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Table 1. Morphometric and meristic data for first sampling period (12-19-77).

Fish Body std _
No. wt. Length Go-~So Liver Fin-Ray
- Fish species ‘Location g “ cm Index - Index Count
Cynosion xanthulus -~ SSSP A 603.5 33.0 - 0.027 = DX+I,20
» "~ SSSP B 621.3 33.5 - 0.031 DIX+I,20
SSSP c 687.8 34.5 - 0.029 DIX+I,21
SSSP - D 730.4 34.5 - 0.032 DVIII+I,20
SSSP E 785.7 35.0 - ©0.042  DIX+I, 20
S-SSSP F 844.7 35.5 0.001 - 0.038 DIX+I,20
S-8SSP G 906.5 38.0 0.001 0.024  DIX+1,22
S-SSSP . H 1142.9 41.0 0.003 0.021 DIX+I,20
S-5SSSP 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 DIX+I,20
sC N 1738.6 40.5 0.001 0.012 DVIII+I,22
5-8ssp 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
Anisotremus R ,
davidsonii - 8SSP . A 296.6 20.5 0.014 0.021 DXI1,13
SSSP B . 289.8 21.0 0.003 - 0.011 DXI,l4
, sc c 247.1 19.5 0.010 0.011 DXI,1l2
- Bairdiella , ‘
" 1icistius 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 .011 .020 DXI,28
SSssp F 232.8 21.0 .014 .017  DXI,27
§ssp - G 252.0 22.5 .014 .019  DXII,28
SSSP H 317.3 - 24.5 .013 - ..018 DXI,28
I 105.4 16.5 005 .018 DXI, 27
J . 115.2 - 17.5 .008 .018  DXI,28
- K -138.1 18.0 .011 .012- DXI,27
L 210,0- ~ 21.0 .002 .012 DXI,;25
M 246.3 22.0 .005 .025 DXI,28
N . 249.1 22.5 .013 .019  DXI,23
P 274.9 23.5 .017 .023  DXI,25
Q 3441 23.5 .014 .013  DXI,25
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Table 2, Morphometric and meristic data for second sampling period (4-3-78).

Fish  Body Std .
: v No. wt. Length Go-So  Liver Fin-Ray
"Fish species . Location g . cm Index = Index Count
Cynosion xanthulus  'SSSP A 1032.5 42,0 0.004 .037 TX+I,19
SSSP B 1430.8 46.0 0.019 020 IX+I,20
SSSP o 1871.9 50.0 - .011 .015 IX+I,21
Sssp D 2326.8 52.0 .010 014 IX+1,20
Sssp E 3690.0 66.5 .003 001 - IX+1,18
sc F 752.1 35.5 .002 027  IX+I,21
-8C G 788.2 26.0 .003: .032 IX+I,19
. 8C H 587.3 39.0 .003 L041 IX+I,22
sC I 1609.2 47,0 .012 019 1IX+1,22
sC J. - 1701.2 48.0 .012 .015 IX+I,21
SC K 2823.0 50.0 . .023 011 IX+I,20
RHM L 1120.7 40.0 .004 .036 IX+I,20
RHM M 1272.1 42,5 .012 014  IX+1,21
RHM N 1411.2 43.0 .012 024 - IX+1,20
RHM P 1578.8  47.0 .013 024  IX+1,20
RHM Q 1914.2 51.0 .009 017  IX+I1,9
Anisotremus v
davidsonii SSSP A 100.2 - 14.0 .057 .015  DXII,12
' SSSP B 76.3 12.5 .088 .006 DXII,13
SSSP C 75.0 13.5 .056 ~ .005 DXII,13
SSSP D 319.3 20.5 .089 .019 ~ DXII,13
SSSP - E 390.0 - 21.5 .085 .028  DXII,12
Bairdiella ’
icistius "~ S8SP A 140.9 - 17.5 - .006  XI, 29
SSSP B 209.1 21.0 .068 .024  XI, 26
. 8SSP c - 316.0 23,5 ,069 +029 = XI,25
SSSP - - D 431.9 25.5 - 085. .027  XI,27
© 8C E 98.6 16.0 .055 - .010 XI, 24
- 8C F 253.9 22.0 .083 .028 XI,30
scC G 384.0 25.5 .094: -,041 XI,26
sC H 443.0 . 26.5 .099 .026 XI1,27
'~ BBAY 1 037.2 0 11.2 - .010 XI,25
- BBAY J 204,8 20.5 .067.  .020 - XI,27
BBAY K 344.5 24,0 -.,088 . ,025 - XI, 26
BBAY - L - 442,2 26,0 .079 - .030 XI1,25
RHM - M 99.8 - 16.0 - 013  XI,25
" RHM N 160.3 18.0. = .051 .018  XI,26
‘RHM P 243.9 21.0 - .061 - ,022 XI,28
RHM Q- 423.0 .079 047 XII,26

25,5
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Table 3. }Morphometric and meristic data for third sampling period (7-10-78).

Fish Body Std
No. Wt, Length. Go-So Liver Fin-Ray
Fish species Location g . cm. Index - Index Count
.Cynosion xanthulus =~ SSSP A~ 1609.0 47.5 041 019  IX+1,21
SSSP B 2184.0 51.5 <024 .021  IX+1,21
RHM c 166.0 20.5 .002 015  IX+I,19
RHEM D 214.0 22.0 . 004 .011 IX+I1,20
RHM - E 252.0  22.5 .004 .006 1X+1,20
sc - F 955.0 39.0 027 ~ .023  IX+I,20
sC G 1550.0 46,5 .039 013  IX+I,20
sC H . 1633.0 49.0 .030 015  VIII+I,21
sC 1 1640,0 45.0 .109 .022  IX+1,21
sC J - 2002.0 50.5 .026 .023 IX+1,20
sC K 2078.0 50.0 .033 .020 IX+1,19
RHM L 5100.0 70.0 .054 .011 IX+1,21
"Anisotremus’ ' : :
davidsonii SSSP A 432,0 22,5 .013 016 XI,12
Bairdiella ‘ ‘
icistius _8SSP A 69.0 15.0 .003 .003 X,25
.8SSP B 125.0 17.0 .005 .006 X,25
L1434 c 194.0 20.5 .023 .007 X,27
- 8SSP 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
RHEM G 213.0 . 19.0 .023 .005 XI,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 XI,28
sC K 79.0 14.5 .002  .009 XI,26
sC L 93.0 15.5 .006  .007 XI,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 Xx,28
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Table 4. Morphometric and meristic data for fourth sampling period (10-1-78).

"Fish  Body std
, " No. we, " Length Go-So Liver Fin-Ray
. Fish species Location g cm Index  Index Count
* -Cynosion xanthulus'  SC A 501 31.5 .001 017 1IX+I,19
' sc B 600 33.5 .001 .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 .010 009  IX+I,20
Sssp F 436 30.5 ~.003 .017  1IX+I,20
SSSP G 604 32.0 .001 .019  IX+I,20
SSSP H 724 33.5 - .0l4  IX+I,21
SSSP 1 1402 40,5 - - .013 IX+I,21
SSSP J 1776 49.5 .004 013  IX+I, 18
SSSP K 2450 56.5 .011 .016  IX+I,20
RHM L 338 ©26.5 .007 - .031 IX+IL,18
RHM M 372 - 27.5 .010 025  IX+I,20
RHM N 508 -31.0 . .011 .017  IX+I,20
RHM P 517 31.0 - .014 .016 IX+I,21
. RHM Q 536 32.5 .010 .020 = IX+I,20
Anisotremus
davidsonii sC A 160 17.0 .027 .021  XI1,13
= sssp B 294 21.0 . .015 013  X,14
SSSP c 354 23.5 - 4002 .011 - XII,14
SSSP - D 394 21.5 .003 012  XII,13
RHM E 111 15.0 - .0l1 .013  XII,13
RHM F - 282 '21.0 .007  .009 XI,14
RHM e 292 20.9 .005  .017 XI,l4
RHM H 350 22.5  :-,018 -.006 XI,14.
'RHM I 401 23.0 - .017 .011  XI, 14
RHM J 472 24.5 .004 .017  XI1,13
. Bairdiella : o . :
1cistius . 8C A 110 - 18.0 .00l .011  XI,28
: SC B . 230 - 22.5 .002 .001 X,29
sC . C 246 23,5 .012 .006  XI, 28
sC D 262 23.5 .012 .006  XI,27
sC E - 318 25.0 .014 .008 * XII,26
sC F 416 27.0 - .016 .006 XI, 26
sSSP G 112.5 ~ 18.5 - .006 . XI,27
- 88Sp H -~ 166 20.5 - 011 .005 XI,24
. SSSP I 221 22,5 . 004 .009 XI,h29
REM J 180 - 19.5 .012 006 X,27
RHM K 188 + 20,0 .001 .009 XI1,26
. RHM L 193 19.5 .001 - .004 X,29
~ RHM. M 274 23.5 .010  .006  XI,26
RHM N 284 24.0 .010  ~ .004 - XI,26
" RHM P 301 25.5 .014 .008  XI,27
RHM Q ~ 309 24,0 - .010 ~ .006  XI,25




»

Table 5. Percent frequency of food items in stomach of corvina, gulf croaker,
. and sargo.

~. OCT

(n)  Percent Percent of food
Total # (n) w/o  type in stomachs with food
Sample of fish food in Balanus ‘Neanthes
Fish species date sampled . stomach Fish amphitrite succinea
' = i
Corvina DEC 16 12 93 - 7
APR - 16 19 8 - 92
JUL 12 8 100 - -
oCcT 16 37 100 - -
Gulf croaker DEC 16 6 - - 100
APR 16 19 - - 100
JuL 15 66 57 29 14
OoCT 16 94 - - 100
Sargo DEC 3 33 - 100 -
_ APR 5 60 - - 100
JUL 1 100 - - -
10 30 - 100 -




L . Tab]e 6. ‘Mean concentration of elements, -in muscle, liver, and bone of corvina, gulf croaker, :

v and ‘sargo.
CORVINA - GULF CROAKER - SARGO
‘ o n_ mean :  Std. Dev. n mean ‘Std. Dev. _n mean Std. Dev.
~Muscle : i . " -
AL 000 a . 146, 63.000 0.572 0.241 -17.000 0.645 0.1922
oR 33.830 ordss ?.}fg" 63.000 3.087 . 00! 12.00 3.918 1.5786
CA 59.000  © 294.933 197,491 63. 00 585,170 - 319,582 17,000 '2693.781 7228, 6€0
Gl 53, 00! G 0.215 .00 0.603 .24 - 17.00 0.638 0.261
FE 59.000 . 1R[2d8 7.644 63.000 18,311 .57 17.000 17.705 - 3.674
FISHWE LGHT 60.000 . 1408, 017 .851 63.000 . 231.802  104.574 - 19,000 . 280.858 . 122.976
eA 11.000 - ‘fo5 10ss.83) 19.600 - 0.094 o2 5.00 097 2014
$9.0n0 22692,227  4011.819 63.000 21903,258 - 3938,.390 17.000 19436.175 5816.478
N1 ) 15.000 0.302 0.003 1000 0.000" 1.00 .132
ro : ¥4,000 0.396 0.525 15,000 0.316 0.156. " . 3lo0 0.229 0.020
e 89,000 6.207 .034 6.000 0.176 . 0.129" 1.0 0. :
' SE- £7.000 . 0.196 5:088 ' 63,600 8281 1.136 17000 9133 V. 666
w’émm ro/a - G000 14:48% 1182 83:000  a:33% %48 17:9%0  elied  olis
Tita,000 . 12!670 2.764 €1.000 . 18063 1,623 19,000 - 17,700 “Z.ock
CZR 1. 000 0.089 68,0007 16,148 S a.774 17.000 14,314 . 3,028
’ . X . %.000 0,243 0. 127, o 1.000 0,832
Liver
—_— peSa—— ; —— -
43 a. 0 11.000 0.718 0.551 7. g, 000 0.773 0.288
BR 47.909 9:3%8 :333 10.000 5. 802 5,009 - S.000 2.244 1.171
€A 19.000 - 261.403 218,889 11.000. 1117.591  1280.523 6.000 . 6284, ass ‘42‘$'253
FE S 23,883 3%3.533 sé%lg;g 11.000 - 978.691  1078.596 8:000 - ass: 595 287.933
U FISHWETGHT - - 60.000 .1 . 63.000 231,802 . 104,574 - . 19,000 280.858 122,976
= BA : 25.08 ‘"1403.?65 "°38:82é 6.000 - 0,125 - L0380 . 3,000 X 0.055
K : ©7.49.000 . 8874.776 2990, 533 11,000 9364.182 2486.430 . ' 6.000 4677.667 ~2490.538
MM 49,000 1.792 1.522 11.000 3.533 2.094 | 6.000 250 3.178
NI S 171,000 0.294 T 2,000 0.323 0.135 .| 1,000 0.350: .
N N 3
PE L . i 2,000 0.136 . 0.014° ¢ y.000 0.128
RB - - _lg.ggg' : ?153?- o:283 11.000 2,842 0.630 - 6. 000 1.327 0.946
SE: - 43,000 0,038 Q.041 10.000 0.104 - 0.122 6. 000 0.211 0.245
SR : 42.000 - 3,815 2.780 11.000 12.987 12,081 6.000 - 23,359 42,788
o WEIBHT """ .66.000 . 26,179 14,766 75. 000 6.266 8.071../7 23.000 - 5,775 5.109
| WELGHT:D/A o ] 12.000 23,255 D 7.572 6.000 . 34.513 15.600
] HT:DsA .vig a3 g%:sgé 31348 11.000 45,966 10,036 6.000 40. 400 33,811
o LLoRlgon v gl0%s 0.054 5.000 0.291. .. 0.218 4,000 0.296 0.517
Bone ‘
: 2 €2.000 -~ 2.645 0. 461 19.000 3.02% 1.519
oR - 23:808 - 4:988 0:228 . 62.000 2.455 0.583 18.000 418z sioo1,
- CA 80 000158923. 333 17489579 62.000150308.548 27169.774 lg-gog'ﬁ*ﬁ4g';;g 62172788
: EE; . :,sg 000 a%:857 13:33% 25:338 101338 .52.774 19.000 ~ 276,215  316.212
, FISHVEIGHT -~ * 60,000 '1408.012. 1036851 £3.000 . 23].802 ~104.574 19.000 280.5?3 'zs.g?s
- GA 50, Q00 0.629 0.156 $3,000 0.7 0.126 16.000 0.8 23209
¥, : 60,000 5473.417 - 2559 .045 62.000 13370, ovs 3092.051 19.000 23406.368 34133,
1N 1000 TU19]460 T 5l924 62.000 . 12.316 3.702° " 18.000 = 24,377 3
Nl 12.000 . 1.253 0.218 20,000 1,747 . 0,518 - 7.000 1.993 ,
~000 i.004 . & 19.000 ‘4.618 - 7.770
4 69,000 - '5:883  17.317 62.800 2,050 0.622 .1 19.000 1448 0.422
SE 60.000 . 0.334 62,000 2.300 ,0.809. -~ 19.000  860.567 ~ 235.589
sn 60,000 4131445 07.674 -000 - 572,544 .119.774°° . 19.000 - 2.916 0.318
WFN"H’ [.u\ s €0 . 0UO 3.573 ‘“02301 63.000 - 3.240 0,268 18.000 8T, E33 107.37
LN ' - ‘ S L000 - 42,778 19,812 . 2.30 2.410
A 6208 . %3.376. - s.p%e 0 GR0R% 4,236 o piovh 8.000 2.306

Pl . .M AGN

.
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- Table 7. Mean concentration of elements in corvina muscle, liver, and bone relative to station sémpled."‘

CMUSQLE e LIVER S shu BONE
n - mean: - . Std. Dev. n _mean Std. Dev. - n mean Std. Dev,
Sp ; . : : y
AS : 26.000 ' giaes  oaas o 24,000 9.227 . . 0,111 ‘28000 1.213 0.5
BR 28°000 - 243y 1.563 22 000 2.03a l2iass 25,000 3.642 0.473
CA -~ £ 28.000°..'305:979.. 215,245 124,000 0 217.585 - 172.536 28.000 154063, 714 15446%.203
cy : 28.000. i 0,497 - 0 0.233 : 24.000 6.963 .470 2.000 06836 0.012
FE . 28.000 13,887 0.7 010,274 7 . 24.000 | 266.695 ©o192.123 ., - 28.000 31.274 11, 1a4
FISHWEIGHT . 28,000 ~1379.896 =~~~ — = 724.878 C . 28.000 1379.696 724,078 28.000 18379, 896 7240874
"~ GA 1 76.000 . 1090 - ‘ 0.033 9.000 0.073 0.039 25,000 0.635 0.15
K 28.000 22309.286 . . 3963, 807 24.000 486,262 2905.974 28,000 4C14. 500 1360, 427
N1 . 7.000 1319 L120 24.000 1.6 1.601 - - 28.000 18. 4514 3.
P 13.000 ~0.419 - . 0.538 11.000 0.317 : 0.270 1.000 2.170
RB ) S 28,000 5,647 L, 710 " 24.000 1.248 0,883 "28.000 0.773 0.393
SE ‘ 27.000 0.130 0.024 22,000 0.044 0:.055 26,000 1,028 0213
13 8.000 1,861 1. 4410 24.000 2.743 2.374 28,000 420,554 92,030
WEIGHT:D/A 28.000 12.307 3,256 30.000 28,532 14.225 Zo. 000 3,661 G.414
N 6.000 12887 - ... 2.57a . 25.000 6£.010 31.212 28.000 31,126 5,550
2R fn 10000 0,08 . : 24.000 - 46.717 31.939 16. 000 2.687 1.660
s - s S 7.000 . 0.030 "0.014
SC
AS ‘18,000 0.458 0.125 17.000 0.153 13, 000 1. . 002453
R 18.600 2. %15 N 17.600 2:843 2,630 19 60D 3525 1.073
CA 187000 . 230.0-0 106,639 12.660 - 298 400 255,154 19.000" " 16632 . 053 21453.534
cuy 18,000 . Q. 409 0.102 17.000 19.129 14.716 4.000 - - 1.05 0.101
FE 18,000 . ia.809 4.703 17.006 522129 396,809 19.,000 34. 939 t1.52s
F1SHWEIGHT 19.000 1875, 979 409. 961 19.000 7 1409.98) ° 19.000 1875. 979 1402, 981
Ga 4.000 0.118 ! 08.010 14.000 ‘6/81?33 L0772 13,000 0.653 0.192
K 18.000 23990.000 2841.180 17.000 - .6635.000 . 3204.139 18.000 5011.52¢ 2516,5337
] 8.000 0.288 “7-0.050 17.000 2.302 . .61} 19.000 - .897 : .783
Pa 1.000 0.089 o 1.000 0.294 6.000.: . "1.402 0.292
RB 18,000 ~6.719 L1476 4.000 0.07% 2. 000 17.308 21.148
sc 187000 0. 136 0059 17.098 9-884 1,053 19.000 0. 938 6.53)
& . 18.000 1.680 0.685 14,000 0.035 0.017 19.060 - Q.95 .. 0,198
WEIGHT:D /A~ :18.600 . 18 323 1.8%0 17.000 4.052 3.297 19.000 457.821 104,543
2N .. 18.000 13.007 - .17048 20.000 30. 049 13.92} 19.000 3.44a 0.383
. B | L e S 17. 000 . 27.969 19.000 32.586 5,032
2R : o e I 17:909 ge.520 52.507 16. 0060 3 4€a V.847
: : 1.000 - “¢.171
RH
AS 13.000 o : ; 8,000 0.293 0.176° 13.000 . 1.088 0.2450
&R 137000 g.ggg ?(',;S 2 8l000 2.260 1.414 13.G00 o307 0554
gﬁ 13.000 . '320.930 233251 8.000° sm.ags 26;.23&3 : '?'883 '5"9"3'32«', 113£3.757
S 13.000 G. - Y48 8,000 11.192 . 664 RS : . 08¢
FE : 13000 . '5:388 giég‘u’ . 8.000 - 254,778 191, 94) 13.¢00 Ca1.718 17.471
F1SHWE I GHT 13.0 . y . 84.615 593. 122 13.000 784,615 $93. 122
GA 1000 763 %8 583.122 ‘%.838 7 0.030 0.041 12.000 L 0.847 0.078
K 13.000. 21720, 154 520C, 880 8.000 5344.750 2099, 123 13.000 7996, 462 - 3030.031
NI 1.000 0286 8.000 1.360 0.728 13.600 22.311 10,141
: Ko 13.000 6.702 2.648 © 3,000 0.057 . 0.046 6.000 1.304 0,117
Do SE L ©s1gL 000 . . '1.883 0,851 13.000 1,863 0.879
8] “:15.000 0:472 0:9%4 %: 900 b.098 ~ 0.020 . ..13.000 1.243 8577
YELGHT:D A 12000 22.21% 11,239 8.000 ,2:310 ‘ g.ggg 13'38" : 360. 346 73;33
: - .13, 000 : : \000 . 16.92 . ©13.000 . .2
o o 18,074 5 3:914 '8:000  80.83) 32,673, 13000 28!9f 7.872
® 8.000 52,991 27.182 7.000 2.065 1.167
1.000 0.116 ) :

W




Std. Dev.
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Table 8. Mean concentration of elements in gulf croaker muscle, liver, and bone relative to station sémpled;
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k“;Table 9." Mean concentration of elements in surgo ‘muscle, liver, and bone relative to statfon sampled.

MUSCLE . . Liver RIS TR L . BONE.

PARAMETER N . A-MEAM = STD DEV . PARAMETER N A-MEAN - STD DEV - PARAMETER N -HEAN STD DEV
AHA TR . XXIERARRK . *!*’l"t!ﬂl '!xf!!'kll !ﬂ*!ll*!l‘ XXRIXKXEE X ERXKTER XK 1!.*'.!!. B EXRKRRT XY '."'.'.‘ -.'-"... rEaRrRErRY .
AS 10.000 - 0.saq 0.185! . AS.. 4.%00 0.828 0.210° . ' 4
20 R il L 8 31588 soe1dfh 1raedi53 &R e B L
, S8 10icg0 “Pgiged 9%43:933- cu 4.000 2.360 '72%5: 237 - [ R . 8°8"9'“ 757 77003:583
‘ LFE - 10l000 17.318 - 20801 . . fFE 4.000 = 459.442 210,764 - EU 1§:559 2n3:983 ‘383,854 |
EASHMEIGNT . 11.000 274.655 130,899, . EISHWEIGHT 11.900 274.653 130.889 E1SHUEIGHT 11.000  274.655 130, 889
" 10.000°17160.500 6110.517 K 4.000 $655.250 2254.753 K 1?'388 20843838 9:4%7
bt 1.000 3i1g2 " ~ MN 4.600 4.489 283 . By 10i000 “° 33 885 44547.817 .
NI . 2.600 01236 ' 0,023 . NI 1.000 0.350 : Ni '5.000 ., “7:938 0.289
P © 1,000 0.155 . . pB 1.000 0.1 ; ;
S ‘ EB 10. 000 5.033 ‘2,047 . bR . 4.000 0:338 1.017 &8 11:33%3 6.233  10.082 )
e : IR Y 10.000 0,165 0.139, SE 4.000 . 00293 0.270 2R 11,000 2337 9.427°
SR CSEiewrios 19800 3778 2gi388' 8 14685 °3M3 5982 Wlowmosa (10893 211878 200:268 ¢
. H ‘ . 7. 357 2.6 . NGIGHT 14.000 5.930 4,566 2N 11.000 ,05.705 139:‘00 H
N 10.000 140993 . .3,872 : : . : S ,
= RS e o wmowmom acm zrow  yiger - g 3.000 288 260
. - : L : . [ ZR . 3. 000 0.512 0.539 . i} 3 .
T , e s o] ’
: PARAPETER - . ’ - 0 . br tL T pmmgygn ‘ - © . PARAMETER - N A-MEAN = $TD DEV
Lo xxx?!n:xsk xar:éﬁwuxt’ wnr‘:r':gﬁg ,.f:g,?t:g‘ ". EXINARK RN xaz--x::': lllﬁngscy'lxizglEE‘l’ .“""", EARNREAET REREIXRLK ERXRAMEEK
AS 2.000 - 602 [ as " 1. 000 0.128 . A8 : 2.000 2.698 0.113
BR 2.000 -2:8%% - 91448 S A *.1.000 27:488 : N 200018 08, 000 3115596
ca 2:000 1625.000  87) 3421 £y ’ i:800 40:489 o - - 5:060"%4999: 992 16,652
FE 2.600 ' 13393 _ 2238%51 ., FISHWEIGHT 2000  253:893 61.589 . : . FISHWEIGHT 2.000 . 203.550 . . 61.539
FISHWEIGHT 2.0 203.550 889" K .1.000. 1257.000 - . BA 2.000 529,018 -
K o 2. euo 25860,000 4289:395 . . Mm 1.000 a:239 —— 5'833 Mozo gog asg e
e BoE s A B hee gEml B 2O OV S
€ 2.8 3131 oore 3 i .- 500 5:213 lose 2000 1.845 0.459
MEIBHT:D/A 2,000 18.010 0.53¢ - . WEIOHT 2.900 2.853 ' 0.0920 HE1GMT:D/A 5:009  S84-400 78 3%
.7 2. ouo TS50 3,929 s ?:.t'i'PHT'DM . {:883 ?g.ggg . . 2N 2.000 54.285 2.284
- i toa R “1.000 6.031 . i
RH .
SEEOTHER - ° . . SE£ OTHR ‘ : S SEE OTHER
B . . . » - e g




Table 1¢. - Mean com:entration of elements in corvina muscle relative to sauiplirig psqod and statfon. ’ )
: Dacember : .. April uly : b:.tober

sReMETER A= : ‘ N A v oo N A-MEAN  STD DEV ‘ N . A-MEAN . STD DEV
B ':.5.'.'5!5? :x::l---,'-f -..ﬁn'."sﬁ' ..5:9.',’5! o esznexy --nu-':EQ'-' llfmtefz I KERARE EERAXTEXN RXTATTEEE eERRRLEE BRESFIARY ABARRINES
SP ) ‘ o a ' 0.120 000 0.440 0.138
. A .00 0. . 5.000 . - 0,339 . 2.000 9.438 . R E
o+ 13:969 - - $:2%% 9:83 . 8.0600 237 . 9923 2.000 33 0.846 -000 2.240 - = 0.723
[ 15000 ¢ 332,247, 269.311 5.000 284.8520 172917 2.000 246 950 164,261 ‘000 - 277.867  113.647
cy 15.000 - 0.418 0.079 $.000 0.549 0.079 2.000 . 0.068 -300 9.685 '0-564
Fg 15,060 = . 10,665 3.718 5.000 . 14733 9.135 . 2.000 9:282 0.242 - . 0U0 23244 7.862
FISHVEIANT 18,000 1140.007 447,261 $.000 2070.400 1026.471 2,000 1896.300 . 406,388 : .000 1232.000 - 768,692
CA : 3,000 0.070 0.023 $.000 zelM 000 ' §322, 451 2.000 23773. gg0 3698.168 . : 2433"3 259:932
K 15,000 20370.667 - 3035, 246 2.000 0.309 0.042 2.000 9.908 -900 23428.333 2 9.94
F3 19,000 Ql493 . 0.396 2.000 a.13e 0,044 2.000 g3 9.08¢ -8 o324 .
[ 15.0 4,680 0,948 5.000°. .8.120 1,138 2.000 2:567 i. -©09 o.
£ L 14.0 .094" A 8,000 '0.268 H 2.000 ° - 18.010 2.531 . 000 8.193 0.948
£n 15.0 0874 9-9% 3.000 2.116 ?,;?g 2.000 15349 0.534 -900 0.085 9.028
HE R g 600 zn. 470 2,603 5.000 17. 4 - 3448 -, 1.000 0.08s 1608 18530 8523
: 1) T Ay 1lone DFTIR LN 3670 a3 14.ac5 3.922
: ; . N A-MEAN  STD DEV N A~MEAN - STD DEV N A-MEAN . STD DEV
Sc . As : -‘99 B N : l‘ll'll' Ill‘.ll!i BREEREREN B CRAXABENR NASEFIREE RERANIREESN .--."'. ANFYENSTE FERSRENSEE
‘ BRI v 2,316 o . .000 0,438 0.087 7.000 g.484  'u. 138 " 's.000 0.502 0.110.
CA i 238.3 S . . 000 2.455 0.683 7.000 2.922 . 000 2.75% 0.468
‘ : ; 1000 . 204.%80 - 63.522 2.000 218.057 Ios 7\1 : '000  270.660 - 186.819
cu 302 0 [0n0 0.432 ‘118 2.000 ..~ 0!a%3 k 1000 0.328 0.086
FE - 117,81 R . .006 19:83% - 5888 7.000 - 14.918 o:887 . 000 13,089 3.273
Fu 1738.6 5,000 . 1443. 509" ‘788.981 7.000  2136.857 - 1356.699 .000 20%7.200 ° 2227.491
. : LR 0. . 1.800  "-T0!112 : . l126 " a.007
K <. 22390, - . R T .ooo 23610, ooo 1437.220 1. '7.000 25315.714 2071.166 . . 1000 22834000 4498, 948
RB . 5.033 L : 1000 0,240 0.004 - 3.000 0.304 0.074 000 0,306 . 0.016
SR -1 3 ! PN Y11+ 0.089 . 7.000 7.552 0.309 1090 7.766 0.635
SE o <17 o : 000 A4.844 0,463 7.000 0.147 0.097 5.000 ©.102 0.049
SR 1.3711 [T . 1000 0 219 0:107 7.000 1.695 0.749 3000 ).863 6.874
WT 19.470 S : Long 1.4€8 0.515 7.000 17.276 0.993 5.000 17,860 1.124
- . . R : ;000 197422 1,019 7.000 . 13,407 0.794 8.0C0 12.442 ‘1,631
: ;o IN 12.280 - e - {000 . 13.156 0.654 e
. RA ) . i . .
PARAMETER N A-MEAN . STD DEV - A~ :
vRAEENY Yy BRXEERELER AEXIXEAXXY FEXXRTARRE 3 .l'!’lll! 'IIQIQEIE --2!2-?5! t'lllll! .llll':s:r IIEIBQEEZ
‘As 5.000 0.428 0,147 3. 000 . . .
BR 8.000 2.172 0.963 B 3.000 3:7%8 ?:333 3:909 .82 0:3%%
cA 'S.000 . 161.163 . 111.856 - 3.000 ' 849.233 221.509 . %.000 387,84 o
cu 5.000 - 0.300 | 0.153 3.000 .82} 0.075 5.000 3 194 88 3
i FE 5.000 7.72 2.432 3.000 a.574 1.846 - 5:000 15858 2.518
F1SHWEIBHT 5.000 ' 14%9.400 - 30%, 459 3.000 . . . .
K i . 3'888 17968. 490 64\?.;:; g.ggg 21533. gg; zsgz.gsz : ? %9 ‘53 FH11 o1:009,
SE 5. 000 0. 146 0.101 2.000 o:831 LR ?.oon 25“3 ;298 1e18.277
Sk ‘ 5.000 Sl.g82 - 0617 3.003 2.011 1.019 5.000 8:388 S 1,294
WEIOHT:D/A 5.000 29,606 16. 430 3.000 16,800 .9 ., .
n 5. 000 9.613 4:279 3.000 16.393 8.433 g.goo' ?.31(7’3 33?57
5000 18,074 0.453
5,000 14.544 1:233

A




- _Table 11,

Mean concentration of elements in corvina Hver re'lative to samphng period and station.;,

-
@

October

: ‘;‘ Sc .

Deccnbcr Aprﬂ July
FPARAMETER N -MZAN A-MEAN. . STD - . N - A-MEAN. .STD DEV
«. . wurrm Fxe  wysesrazy x-u--':\':x ,-512-95‘{ : u--a"': EERKREARE nu..?f‘.’ ::nx::! ."Q.TEQ': ..319-25‘:’ s BRREEXT AREARXANR saxrraxis
Prans AR 12.00¢ ©  0.199 0.123" 5.000 - 9.252 0.0c4 2.000 9.328 0.122 4.000 0.237 0.078
S SP Bt £ 12.000 1.981 - 2,373 5,000 2. 2,915 1.000 4.000 1.33% 0.334
¥ . CA T 43,000 134:933 - 39 518 8000 311, 476 306.827 2.000 ass 5b0 260,710 4.000. - 227, 975 89.030
cy 13..00 4.632 .638 ‘5,000 11.03 8.817 - 2.00 365 . 4,00 8. : .69
FE 13,090 . 226.967 142 976 5.000 - 352,520 - 272.238 $:000  ade: 750... 836,229 4,000 ‘35-~*°° 39.470
FISHYEIGHT 15.000 ' 1140.007 . -~ 447.261 $.000 2070.400 1026.471 2.000 1896.500 . 406.586 6.000 " 1232.000 - 786,692
A 3.00 0.03 .00 §.000 5052.400 3193,303 2.00 0. o. 4.000 © 09928 2.9
K 13.000 < 4344.231 2569.514" 5.000 1.482 19077 - 2.000 - 9372.500 ‘5073, 491 4,000 ° 4197,230 - 610,351
1N 13,60 1,148 - 0.581 ‘2,000 0.061 £ 0,034 2.000 5.525 3.91 4.000 1.102 0.374
Fo 2.000 0.37 . .0,266 5.000 1,112 - 0.630 2.000 2.935 1,622 4.000 1.290 0.282
RB 13,000 1.028 0.768 4.000 0.048 0.049 2.000 0.063 . 038 4.000 0.017 T.0,007
SE 12.00 0.048 . 0.067 5.000 . 4,881 4.164 2.000 4.476 g.osa 4.000 2.3 0,313
SR 13. 00 1.769 1.078 5,000 46, 256 21.372 2.000 38,412 12.215 7.000 19.857 11.714
WEIGHT . 16,000 23.555 6.520 5,000 68.778 42,717 2,000 8.545 13.414 4,000 . 67,230 9.942
WEIGHT:O/A © 14,009 73,597 30. 445 5.000 . 61,153 30.227 2.000 - 120.0%0 18,738 4.000 32.00 5.259
N 13.0006 - 34.406 13.073 : 4,000 0.0an ‘0.0
: zv 3,600 c.019 0. 005 ’
164 0.239 0.096 * 7.000 0.378 0,186 3.000 0.260 0.116
’AS 16 5. 500 1.460 i A1 7.000 3.708 2.0%8 3.000 Gd:51a . 4.831
CR « -7 6.000 . 200,490 271,049 . 7.600 ‘am. 537 . 313.752 3.000 .. 982.208 33:822
CA " 98.5 6.000 16, 496 11.620 7.000 .369 16,302 3:000  731:933 - s88.560
cu 1-474 6.000  302.467 ° 200,438 7:800  6%5:358  a05:0Y3 . :
FE 256.9 R 6.000 ' 1443.300  768. 281 7.000 2138.857 1358.899 g:gg° 2057.209 2227.43)
1738. a:090 4877:300 oes84.034 7.000 8683435 3405.04p 3.000 060,000 = 2249.060
FW - 1138.6 6:00 213 0.683 7.00 3146 1.650 3.000 - 2.938 1.963
K 4861, X 73,000 . 0.104 0.0 7.000 2.648 1.020 1.000 .
MN 1.032 ' : .019 0.544 6.00 1.000 0.026 »
5 %000 5:9%0 0.009 g 999 9.944 9-014 3.000 1.903 0.630
RB -962 €.000 3.269 - 3.483 7:000 . 351430 -13.538 3-500 9:93% 2-913
SE .047. 6.000 31.964 10,942 2,000 32617 '8 8as .0 589 (2243
SR 1.45 6,000 70.020 . 09,024 7.000 - 133341 13.318 6.000 @ 23,5 :
: : . ' 3 24,08 ’ 3,000 | $96.873 21403
WY 20.093 6.000  72.138 ! 3000 78.343. 41.786
WT 65.79 1.000 0,171
"IN 17.94 : .
AS . '3.000 0.246 0. 1.000 - 0.631 2.000 242 0.067
: BRr . %.000 2.110 1.;33 1.000 2. 96h¢ . 2,000 .279 -804
ch 75,000 . 236.374 = 254.€01 1.000 - 716.800 2.000. B810.230 = 169, UA
: cy 3,000 14,205 9,823 1.00! 3. 2,000 7.623 408
RH FE 5.000 - 304.180 236,867 1.000 194,100 : 2.000 161,600 14,708
X ‘Flswrwm‘ 5. 00 ; . 3.00 210,667 3,097 5.000 454,200 91,209
- gA 3008 '1°3:8%8 . %93:8ai 1.000 6E51.000 4 : 2.000  5853.000 . 342,240
5.000 4840.200  2582.101 1.000 1.846 7 2.000 1. 0.348
MN .. 5,000 1.32 0,909 1.000 2.680 2.000 1.936 0.321
73,000 0. 05 0. 1.000 4.757 s 2,000 0.017 ©0.001
“RA .0 . . 4,000 3.115% o124 2.000 2. 850 1.521
SE 2:990 5033 2892 1.000 31.530 7.000 13,465 7.442
SR $.000 3.520 3.908 1,000 . 37.740 2.000 49,255 7.474
WEIGHT 5.000 32.0%2 i3 1.000 0.116 . 2.000 33.805 #.894
T WEIGHT: D/A 5.000 71.382 u7.389 - ‘ :
2N 5,000 63.716 20,037

P
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Tab!e 12. «Mean coricentration of elements in corvina bone relative to sampHng period and station.
‘December ) ' : I\nrﬂ SRS July October
PARAMETER A-MZAN © STD DEV N A-MEAN ~ STD DEV N A-MEAN . STD DEV N A-MEAN - STD DEV
. FRPRTRRE . MXARREREEN TFLERRINK EREANVEREN EXFMERRK RXXXAENXN LIS LIS ERXXMEXN MEAKBEXKSE HEWAXFAERA REEFAUN FXIRPRXYY RXERNANTE
S AS odo 1.245 0.219 5,000 1.162 o 333 - 2.000 1.434 0.139 . 6.000 1 252' 0, 1986
sp R 13 3.690 0.403 5.000 4.015 2.000 ras 0:379 6.000 81 0.264
CA 15 gogtsows 333 18847, 667 s ggmsasgg.ggg 9:54 724 g nomsslso 000 94?3.333 ? 000160483 333 waso.;zsa‘
Fr " 13:000 24,965 7,522 3:000 2075999 1026471 £:350 1535:338 405.536 6.000 35,853 12. 980
. FISHHEIGHT .000 1140, 907 . 447,261 5.00 0.618 0,160 1.000 0,59 6.000 . 1232.000 786 ssz'
SA..mslcm }g‘ooo 0,154 5.000 3691.600 1320.514 2.000 ' 4237.500 1218,345 6.000 0.736
15. 000 4379 133 ‘$150, 759 8,000 16.686 1.842 2.0 23.20 1.669 6.000. - 6097.657 937 984
NN 13.00 3.273 3.201 5,000 . 0.193 2.000 0.83 0.039 6.000 18.783 3.380
‘e 1.000 2 178 5.000 0.842 0.065 2.000 0.976 0.006 6.000 1.414 0.311
N 15.000 0.605 0. 157 5.000 492.aen 144,157 2.000 408,850 °,122 6.000 0.928 0.1%6
% 15.000 1.138 g.218 5.900 3,352 0.341 2.000 -  3.444 0.240 6.000 324.800 - - 60.060
SR 13,000 207,207 75.977 §.000 22.300 3.364 2.000 31.990 2.107 6.000 3.455 0.154
WETE T in R 15,000 3,854 0.333 2.309 (816 0,202 2.000 3.199 1.971 6.000 24. 292 1,862
on 2 15. 000 s, 523 3.053 . s, 000 4500 o852
IR G, 0NN ({3 o0 3+ 0,164
- SC AS 1.152 5.000 1.250 0.160 ~ 7.000 1.496 0 é7o 3-900 1.262 . 0.226
BR 3,910 2. 900 3. 363 g.582 7.000 3. 423 1,287 5.00 3.783 1,487
cA  152200. i Tt 7 Sl FE8ITIRLi g 2orgists  3:ga17izeh g manog: g8
: . . . € 11.313 . . ;
FE ; 21‘77 6.000 20,630 8,595 7.000 2136.857 1356.699 5.000 39.906 14.293
¢ 6.000 1443.500 788,981 7.00 0.707 0.189 5.000 2057.200 2227.491
Fu 1738-5 1.000 . 7.000 5065.714 3356.1‘790 5.000 0.71 0.213
K 2959. 6.000 4462.667 1663,262. 7.00 18.826 6.010 5.000 6004.800 2443.915
. } : 6.000 17.953 4.777 1,000 1.879 - 5,000 18682 4.032
MN - 21.03 3.000 1.352 ' 0.249 7.000 1.026 0.658 . 2.000 1.237 o112
RB 410 - 2.000 17.308  21.145 ‘
«310 . . . 7.000 0.989 0.215 5,000 1.297 0.403
SE 1:.25  © 6.000 0.624 0.222 ©7.000- 528,829 78,740 5.000 1.044 0.073
. 6..000 gs 0.136 7.000 3.2a3 0.9372 © 5,000  422.700  147.871
SR 1846.5 6.000 ss, .00 . 49,257 7.000 35.560 4.027 - 8.000 3.278 0.338
“WT 3,785 6.000 .. 747 0.226 7.00 3,09 1.296 5.000 35,294 3.653
6.000 28.530 4.183 - a
N 27.74 4.000 - - 2,315 1.131 < 5.000 4.912 .2.248
“AS 5.000 1,242 0,198 3,000 . 1.236 0.179 5.000 1,616 0.267
RH ‘BR - 5.000 3.572 0.434 3.000 2.387 . 0.209 $.000 3.073 0.223
" cA . 5.00/:155500.000 6757.218 3. 000144400 000 16352.0€4 5.000165980.000 5161583
. : 5.000 81.532 9. 086 1. o, 5.000 37.192 2.28)
! FlSH\rlElGﬂT $.000 1459.400.  305.459 . 31000 68237 15.962 5.000 454,200 91.909
GA 5.000 0.%542 0.0%) 3.000 210,667 43,097 4,000 0.603 0 03€
K. . . 5.000 47083.600 13%4,708 3.00 0. 0.026 5.000 9117.400 1001.372
M 5.000 12.710 3.910 © 3.000 11616.667 - 825.611 5,000 26.540 5.406
N1~ 3.0 2e6 0.098 - 3.000 31.267 11.514 3.000 1.323 0.154
Re 5.000 0.672 0.261 3,000 2.713 0.3855 5.000 1.817 G.350
SE 5.000 0.914 0.1490 . . 838 0.069 5.000 1.917 0.232
SR T 5.000 .. ‘424,060 25.937 2:998 283 183 27.233 5.000 . 360.100 45,688
WEIBHTID/A 5,000 3.7€6 0.164 3. 000 3.500 0.285% 5.000 3.405 0.103
zZn 5.000 20112 1 2.603 3000 47.527 1.193 5. 000 42.684 2.861
ra g 5,000 2.260 1.370 2,000 4.577 0.033

e
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Table 13. . Mean concentration of elements in Bairdiella Muscle.relative to sampling period and station.
' : PR October )
December . - . - R April July
. e RARNR EEATEACEE . mannndhEE ——— i ) ‘ . J
) : 4. . “0.979 AS 3,000 0.509 0.072
23 8 2833 0.397 - & 4:998 $:28 0 9:3%3 a3 -9%9 9.523 3:224 . En 3!000 3710 - 0.2%0
. : ‘ . B i 6.375 . 513.330 1l 4 . : . CA 3.000 ~ 502,730 ' 231.59%
€A 8 511.423  157.391 cA. ; 4.008° .77 ' cA 1000 - 881.000 +280.512. )
ty 8.6co 0.613 g:320 )¢ 4.000 0.978 0201 ) o0 oo 9:318j cu . 3000 0,238 0.0%0
FE L slcoa 16,025 7.915 | FE .. ' 4,000 - 200030 3,708 Fe 859 19:233 9:348] FE 3l0co . “21.c70 6.008
FISHUEIBNT 3.000 ..202.350_ 71,474 FISHVEIGHT . ..4.000  274. 127.310 y . 006 10. ‘414l FISHWEIGHT 3.000 166,500 = 54,252
& . . 8.000 °50973.730° 1373.212 K 4.000 23200.600 - 3600.343 FISHEIGHT -0g0 - 210 -800  127.414 oA 2000 24473'686 a1e:018
14 2800 9893 gl M 4909 8: 343 1.010 -999 21342.000  2401:173| K, 1.000 0.€23 :
sZ a.con 0:104 0.049 SE ‘4,000 .. 0176 0.135 i/ 190 : 0:825¢ R 3.000 5,733 0,387
‘SR £.009 " 3.631 1.118 SR 4.000 5.612 2.e08 I 000 0. 187 0.114  SE 3.000 0.318.-  0.123
l.-" 8.C00 - " 18.96G4 0,913 WEIGHT:D/A 4,000 17.243 2,138 g% 000 3.%74 1.922 fhrsuom-wn gggg l?ffs‘t'; :g?‘g)
6,000 16,4574 SR r4} 4,000 15,220 1,632 ' WEIGHT:IDZA 888 }z.zgg :.gag ot H 3:008 l7'°;3 A-2a0
) . P | N : . 5 . . . 82"
“ R . oo,y Ve ' IR - V. . [T " e
ST .::.3‘,1 slf,-’ﬁg'ls! »l,n l : A —— R IO O TR A R I teo
c. R R B i : RN URIE PARAMETER N ' A-HEAN _ STD DEV PARAUETER. - N A-ncaM - sTD DV
FARMIETER N A=MTAN  STD DEV PARAMETER N A=MEAN . STD DEV SNINKEERS  NENRFACNS EARSANRNS ERARSENTN MENESRERN . FREANTEES MERREYETNRA BEBEENEEN
'.,,.‘,.,..‘,,, KAEF ARSI R ARG A R AR PREET EER A ARRUKXREN SYIRRCEARN EEREAFIRR ERAREAXRES ‘
- . . : i AS . 000 0.660 0.390 . AS 6.000 0.437 0.108
S £.000 0.550 0.168 AS 4.000 Q.34 0-0;4 BR S000 2.4 . 558, B8R 6.000 3.378 0.9£7
B 5,003 Z.£02 0.693 BR 4.000 2,689 778 1 cA .000 - 496,180  417.083  CA 6.000 627.567 = 227.677
\ 3 31 ¢ 4.000 652.950 = 307,023 i ' gy - 7
cA 3.000° '570.187  807.663 A s 2 1923 % cu . 000 0.445 1z cu 6. 00 0.2386 0.054
P 3000 0 e16 6 160 gy 4.000 " 0784 9:-249 . fe . 600 13.530 8.673 - FE 6.000  21.575 8,041
3 . A6.L6 - X} A | . . i
Fe- 6.900 [ 1%.550 2.043 ‘ EISW/EIGHT - 3.000  187.400  114.701 ~ FISHWEIGHT. - 6.000" 263,667 101,212 .
n-‘-nJ.'-:lcvr -8.000 10.387 84,632 FISH"EIGHT ' .4.000 152.848 2.000 . 0. GA 5.000 0. 0.022 -
8000 23349 006 15535081 - 4:900 23874:880 ale).e29 - $.000 19394.000. 10947.277 =~ K ©6.000-22903.000 2420 393
Ra 8.€00 S5.037 0,463 1 RB 4.000 4,744 0. HN .'1.000 . 000 Nt 3.0G .37 9,004
3E 8.c00 0.133 0.057 - . 4.000 9.124 0.074 . NI 2.000 302 0. 426 R8 6.000 5.700 0.503
a7 5,000 5168 2.%98, : 4.000 & 2078 e 3.000 5,523 3.177 . SE "6.006 6.264 0.065/
; . 3 . . . . . . . 065
veeen tme pam oo wmewen e opam o lam B S SHE BME Mowow  fom EHD DE
1 : 3.0C5 L A17.010 -sn R 1.000 0.104 T L WEIGHT:D/A 5,000 17.024 1.638 n ’ 6.000 17.820 2.637
U m e eiete e e e w1 a sl eN : 5.000 13,124 7.871 )
88 ¢ 'PARAMETER" "N AMEAN - STD DEV : :
B BRRRE KRR IIII,III' RANXEAREE FXXAENRNE
- as 4.000 0.804 0.524
Bft 4.000 3.74 .833
cA 4.000 . 434.975 . 189,809 e
€y 4.00 0.853 . 431
FE 4.000 - 26,932 12.858
FISHWEIGHT 4.000 © 237.175 176,061 .
x 4:000 22953 1000 523883
SE 4,000 o.687 0.011
SR 4000 5028 2368 ,
gemom e yrme yem
L 1.000 '0.382 ’ . :
: : A-MEAN -~ STD DEV| ~PARAMETER N2 A-MEAN - STD DEV
RH : P’-\':QT':IES R -n--u-v-'-‘ ...f;'fff.".' ..EI?.EE! f’.‘fﬁfﬁs n-----n-’-‘ REREAENRD ‘----a-‘l-l! ...f’-’-n. SERERNTAN mARSERAAN ENEASEALE-
. 1731 As 7.000 0.535 0.123
nAS 4.900  g.442  0.070 . 3 $:588  3:858 ?.wf ] 7:888 2883 | 8:a8
Go8 sepd eSS G gigge i repil & giose sbigls eal 3
; ey 4588 49:8%2 9482 - Fe £:888 18:833 a.e2s  Fe 7.000 - 20.089 4,066
CMEIGNT 4000 g ogse ocay  BISMEION sang g reLagg piwminr oy 2000 5706
[ 2:093 19975000 - 4210.663- $.00019272.000 4608:431 K £:000 202701000 1738 841 -
SE 4.000 0.104 o.o1g . - NI 1.9000 9.2 . .
s.lc! 4.000 4.510 1.771 PB 1.000 0,159 PB 1.000 0.14
. 809 RO 7.000 $.663 0.873
WEIGHYTID/A . . 4,000 . 19.690 5.597 - BB §.000 3.8¢ce 3 Ee 7909 2598 0. 135
TN Bewen BB GEE O Dag L 28R B TN
i . . ' v i 04 N (o3 8. 4aen 1. 3 H 2 7 . . .
! h Bt . ' :! Pt } PoOoRNoNTIOA 200 15,906 0.9372. 2N 7.000 16,524 V.472
1
4

»
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Mean concentration of elements fn Bairdfella Liver relative to samp'Hng' period and station.
1)

: Table 14,
Vi LY
i
Nacomber prit July Qctober..
=TE A-MEAN  STD DEV N ' N A-MEAN  STD D i
) - fcg:f:‘,:,ﬂ A AT A.-.»yfnrr CERL S 2 e rEXKERRY ,.,:‘,',ﬂ,::': ..?Ie.es‘.’ ‘ERANSHy 'Illlt'lll -:‘-aE-xE‘: .,,,.,.y "";’_1:5': ...."es\:
.S 1.000 0.295 1.000"- 4 £000 - 0. a8 ‘
: a8 16 897 1.000 V350 . 0U0 209 - :'338 R
cA 1.000 471,500 ‘1,000 - 198,100 . Q00 2572 000 1000 4083 593
& .00 _8.173 1.000 2,123 -9 708 i.000 A7 299
FE 1.000 - M12 : - 1.000 = 312.700 » ~000 34' 1600 1.0C0. 1614.000 ) !
F I SHVEIGHT 8.000 7.350 71,474 4. . 5. 000 0. . ) : :
o 1028 11800:900 - 1:008 -0333 383 120 9.000 210.600 127.414 3:833 ,l¢8:300  sa.2s2
by 16 3932 j:800 " zieaa : 1699 114001000 11808 7*'5:992 '
e : : . . 2.86 e . . . 1000 2 &s8
ss 1.000 0.052 1.000 0.053 ; - 000 0.227 - 1.000 38 ego
R 1.00n 6.090 .on ). 99 . 000 3.57
Setewr . AOon 81020 4 e 3000 1928 4 esy o00 . 3:333 4.000 .y .679 1.283
yEleHT:oa”  1.aon  2<iaso 1000 geigeg. . +000 .*' 28.830 1:800 i3 8io
7 { 1,000 50,280 1'883 1‘7'.'?'?8 4,899 1009 -4
L o . o . . 1. 000 63 120
- L - : ’ ) : . : . 1, e 1 *ra )
: ' - . ) ~MEA STD DEV .- A-MEAN N -
P‘E:TEIEE FIIIIIII'I‘ -uer':se'-‘ KIEI?IEEY Iltl!ll’l’ Il.QI':‘lE SamEENERY REEXFBAUE EURERQREAN Ilatuaesy "FETARRNS ---ﬁ-'ﬁ:’: t-gIEIEE‘t’
Coeps ) i : 1.000 0.24€ . 000 0.983 , 000 1.048 )
sC & 1:9%9 9.232 1000 . -260.306 000 2.502 1000 - 17.030
cA 1.000 © 406, 200 .000 2. 1000 8042 .000  2140.000
1) 1.000 5.985 .000 . 239100 <000 373 ] .00 6.276
! FE 11000 7 444860 . 100 204,875 152,848 .000 379300 1000 3319.000
e o ¥ . 60 051 5.000 - 187,400 114,701 5.000 - 263.6G67 | 101.212.
D’i.' 3¢ I‘El NT} . 18_:803 mo'zg.ggg .. 84,632 1000 S807.000 .00 0.056 .000 . 0.21
g 1.000 2.104 . 000 1.354 <000 - 4799, 000 +000 §1720.000 .
[4:) 1,000 2.622 . 000 1.718 ~000 1.504 . 000 7:886
SE. *.000. 7. 0637 .000 0.106 - - 000 1.776 . 900 0.418
) : D : : . 000 0.024 :
SR 1.000 5.81 .000 3.828 . .000 0,146
WEIGHT R 25 03] s.sn? - 8,988 5. 000 14,143 13,042 ,-ggg 2'232 2. 858 .000 3.493
WEIBHT: D/A 1000 .27.570 . -0g.  3sigmd 1808 a7: 878 . -guo 20- 428 o
EN . .ean O BER 002 24.740 . 000 34 120 7.000 3,242 - 3,808
¢ 1.000 " 13,450
, o e iR
PAREMETER N - AMEAN. 'STD DEV ' ’
llex:ll lt‘ll’tll l“t'illl EEXRUARNER
AS 1.000 0.266 .
88 BR 1. 2.130
CA 1. 000' 351,700
cu B X . .973
FE : T N ooo 332100 .
FISHWEIGHT "4.000 . 257.175 176,081
oA . 1000 0.053
K 1,000 7759.000
"M 1.000 2.875
(s 1:088 2.042
sE . 1.000 0.024 :
: ; 1.020 6.675
o u-wr '8, 000 10,686 - ..10.217
WEICHT oA - 10605 - aal710
=it 100 34,040
Zive 1.onn g, 00
: ST . N " A-MEAN - STD DEV
“ - ) B . ‘lllth RXFYREAESYSR BEEEEREXE
RH. ; -MEAN ' . STD DEV ‘
Pttt I B AL Insufficient sample 990 19338
: . :g00 1193: 880
5 B I R See B2L3RH 865 264d:838
P }:880 aogiggg v.ono 247,000 )
cu .000. . 7. . .
FE . 1.000 . 217,400 - 3 . o ) o 87.364
PISHWEIGHT . 4. 00! 231.750 - 140.523 :° S 12 °2:°°°
K 1.000 9554.000 . 6.126
" 1:083 giaee 000 3.199
SE " 1,000 0.077 . 000 5182
sr 1.000 s, p38 : 8908 '2'&-}9 : 9.160 :
WEIGHT 3,000 110780 - 12,202 ‘8 : - S
VEIGHT:0/a 1.000. 31,190 G0 17.070 ;
Zn 1.000™ 38180 . 1.000 53,310
. 1.000 0.128
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. Table 15.  Mean concentration of elements in Bairdiella Bone relative to sampling period and station.. - :
= - December .. - L I\prﬂ ; R July oo o o October ‘
g L L . PR calss e e i 2 Lo . g et e . o
PARAMETER N ' A-MEAN . STD DEV g PARAMETER N ASHEAN _ STD DEV PARAMETER "N A-MEAN _ STD DEV  ~PARAMETER "7 - N A-MEAN  STD.DEV
IR RITIY) Illl!l“r' HEMERAX LR EREERERRT § EXXFEMENN  XXXSARXEX KXUKXEXRK !l?ltlllt R AXXXXEXKE  WARXKXKEX KEXXFXXRN tt:l:xgnu WERERERRE ARFEIXXNR WEKLEXPLE KXEFNNF XY
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Table 18. ' Mean concentration of elements in sargo bone relative to sampling period and station.
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_ Figure 1. Gonado-Somatic index vs. sampling period for Salton Sea fishes (Go-So inde
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