
Abstract 

Revised Abstract 

Radioecology of Benthic Fishes off Oregon, U.S. A. 

W. G. Pearcy and H. A. Vanderploeg 
Department of Oceanography 

Oregon State University 
Corvallis, Oregon 

United State of America 

IAEA/SM-158/14 

Gamma-emitting radionuclide s we re found in benthic fishes from 
depths of 50-2800 m off the Oregon coast from 1964-1971. 65 Zn, 60 co 
54 Mn, 

144
ce, 137 cs and 4 0K were present. Zinc-65, originating mai~ly 

from the nuclear reactors on the Columbia River, was the predominant 
artifically-induced radionuclide. Levels of 65zn per g and specific activ
ities of 65 zn decreased markedly in several species of fishes between 
1965 and 19 71 because of the shutdown of reactors. This dee rease was 
greater for small than large Lyopsetta exilis during 1970-1971. Specific 
activities decreased with increasing depth, both for individual species 
inhabiting broad depth ranges and for different species inhabiting differ
ent depths. Specific activities of 6 5zn were inversely related to body 
size for L. exilis and Sebastolobus. Other variations of 65zn were re
lated to trophic position. Fishes that preyed on low trophic level pelagic 
animals had higher specific activities than fishes that preyed on benthic 
invertebrates. Such pelagic feeders may play an important role in accel
erating the transport of some radionuclide s or elements to the sea floor. 
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INTRODUCTION 

This paper examines the artificial radioactivity of benthic fishes off 
Oregon and, more specifically, how the specific activity of zinc-65 (nCi 
65 zn/ g total Zn) varies among species, size of fishes, depth of capture, 
years and seasons, and feeding habits. Differences may be useful for 
identifying pathways of zinc accumulation from a surface input and may 
provide information on the ecology of this important group of animals 
which comprises a significant portion of the biomass of benthic communi
ties. 
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Until recently the most important source of artificial radionuclides 
in the ocean off Oregon was the Columbia River [ 1] [ 2 ]. Radionuclides 
were mainly induced by neutron-activation of elements in river water used 
to cool "single-pass", plutonium-production reactors at Hanford, Wash
ington. Most of the radionuclides produced had a short half-life and de
cayed to undetectable levels during the 370 mile trip down the Columbia 
River to the Pacific Ocean. Starting in 1964 reactors at Hanford were se
quentially shut down, and in January 19 71 the last reactor inducing radio
activity of coolant water was deactivated. This study encompasses the 
years when radioactivity introduced into the Pacific Ocean was declining. 

The distribution of Columbia River water in the ocean depends 
largely on seasonal wind patterns and ocean circulation. During the sum
mer, when winds are usually from the north, the Columbia River waters 
are pushed to the south off Oregon, often as a distinct plume of low
salinity water. During the winter, when southerly winds prevail, the 
river waters are found to the north largely along the coast of Washington 
[ 3] . Radioactivity introduced by the Columbia River has been traced in 
surface water by chromium-51 content [ 3] [ 4] and in sediments by zinc-
65 and cobalt-60 [ 3 l [ 5 ]. • 

Of the radionuclides introduced into the Pacific Ocean by the Colum
bia River, zinc-65 is the most common in marine organisms. 65zn, with 
a 245 day half-life, has been reported in many species of plankton, nekton 
and benthos off Oregon [6] [7] [8] [9] [ 10]. 

METHODS 

Fishes were collected with a 7-m semi-balloon shrimp trawl or a 
3-m beam trawl on the continental shelf, slope and abyssal plain off Ore
gon from 1964-1971. 

Fishes were sorted from the trawl samples and frozen in plastic 
bags at sea taking caution to prevent trace-metal contamination. In the 
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laboiratory ashore they were identified, measured (standard length), 
weighed and dried to a constant weight at 65°C. To provide enough 
material for radioanalysis, several individuals of a species often con
stituted one sample. After drying, samples we re weighed, ashed at 
450° C in a muffle furnace, ground to a fine powder with a mortar and 
pestle, and packed in 15cm3 plastic counting tubes for gamma-ray count
ing. 

Samples were radioanalyzed in the well of a 12. 7 x 12. 7-cm sodium 
iodide (Tl) crystal with a 512 channel pulse-height analyzer. Counting 
time was 100 or 400 minutes, depending on the radioactivity of the sample. 
Readout information was stored on paper punch tape, transferred to com
puter cards and analyzed by a least squares program to give radioacti
vity per gram ash, corrected for decay. 

Zinc concentrations were determined on subsamples of ash using 
an atomic absorption spectrophometer (Perkin-Elmer Mode 1 303). These 
samples were first digested in concentrated HNO3 and diluted with 0. 37N 
HCl. 

RESULTS 

Gamma-ray Spectra 

3 

Zinc-65 was the predominant artificial gamma-emitting radionuciide 
in all benthic fishes. It produced a prominent photopeak and was present 
above minimum detectable activityl in virtually all samples. Be sides 
65zn and naturally-occuring 40K, other radionuclides were occasionally 
evident above background. Distinct photopeaks of 54Mn and 13 7c s we re 
sometimes present in the spectra (Fig. l); they occurred most often in 
Anoploploma fimbria, Merluccius productus and Atheresthes stomias, all 
large carnivores. 60co and 144Ce were recorded rarely but no clear photo

peaks were evident. 

6 5zn and Size of Fishes 

Fish of the same species but of different size sometimes had values 
of 65zn radioactivity per gram that were inversely related to body weight 
or length. Table I shows the amount of total zinc, 65zn radioactivity and 
specific activity for different sizes of two species of Sebastolobus caught 
at one station. With order of mafnitude increase in weight of each spec
ies, the concentration of Zn and 5zn both decreased. Specific activity 

1Minimum detectable activity, 3(N)l/2, where N = the background count, 
was 5 pCi for a 100-minute count and 2 pCi for a 400-minute count for 
65zn. 
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of 65 zn also decreased significantly, indicating that the relative decrease 
in 6 5zn was greater than that for Zn. The specific activities of Lyopsetta 
exilis, a common flounder, were also inversely correlated with body size. 
Fig. 2 shows the regression lines between size and specific activities for 
14 different collection periods in 1970 and 1971. The slopes of all but two 
of these individual regression lines a:re significant (P < 0. 05). Therefore 
the effect of size must be considered when comparing spatial or temporal 
variations of specific activity of these species. 

Unlike Sebastolobus and L. exilis, the 65 Zn specific activity of an
other flounder, M1crostomus pacificus, was relatively independent of 
size. The slope of the linear regression between specific activity and 

weight was not significant for fish ranging between 96 and 846 g during 
April-May 1970 (P.;>0.5, n = 27), 42 and 318 g during June 1970 (P> 0.2, 
n = 11), and 200 and 1050 g during July-October 1970 (P> 0. 5, n = 40). 
To understand this inconsistency we must examine the reasons for expect
ing lowered specific activity with increased weight. 

The model of Vanderploeg [ 11] helps to explain these specific 
activity-weight relationships. His model assumes zinc input is propor
tional to feeding intensity and that a, the rate of zinc input per body 
burden of zinc, will decrease with weight, W, as will feeding intensity 
per unit weight. Using the respiratory and weight relationships of Win
berg [ 12 ] and the stable zinc- size relationship for M. pacific us, a de
creases with W according to 

a % cw-o. 3 

where C is a constant for a given temperature. It can be shown that in 
the steady state, this relationship implies that smaller fishes will have 
a higher specific activity than larger fishes, assuming similar diets. 
From equation 9 given by Vanderploeg [ 11] , the specific activity of a 
fish, S, under equilibrium conditions is given by 

s = 
a F 

a + .:\ 

where F = the equilibrium or constant specific activity of the prey, and 
>. = 2. 83 x 10-3, the physical decay constant for zinc-65. If, for example, 

a = 1 x 10-
3
, a value obtained for M. pacificus [ 11] , then S = 0. 26F. If 

a is doubled, then S = 0. 41F. Moreover, rapid growth, a concomitant 
of increased feeding intensity, implies increased a and thus higher speci
fic activity. Since rapid growth characteristically occurs when fish are 
small relative to asymptotic size, the growth effect would tend to augment 
the size effect in a given species. 



The conflicting results of the specific activity - weight regressions 
among the above species are clarified using the model. First, the rela
tive size ranges of M. pacificus were smaller than those of the other 
two species. The sizes of Sebastolobus spp. and..:!::_. exilis ranged over 
more than two and one orders of magnitude respectively. In contrast, 
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the size ranges of M. pacificus were less than an order of magnitude. 
Because a is halved with each order of magnitude increase in weight, a 
specific activity - weight effect would not be strongly defined for M. paci
ficus. Second, these fishes we re not in equilibrium with their food during 
this period of reactor shutdown. Under certain nonequilibrium conditions, 
the inverse relation between specific activity and size could diminish. 

Long-Term Declines 

Short-term decline of radioactivity after temporary shutdown of 
Hanford reactors has been reported by Watson et al. [ 13] for freshwater 
animals and by Renfro and Osterberg [ 14] for 6 Szn specific activities of 
the flounder Platichthys stellatus in the Columbia River estuary. Our 
study shows long-term decreases of 65zn in marine fishes attributable to 
the reduced ope rations of reactors at the Hanford Plant on the Columbia 
River. Eight "single-pass" reactors were phased-out between December 
1964 and January 1971. 

The average specific activity of Mic rostomus pacificus dee reased 
by an order of magnitude between 1965 and 1970 (Fig. 3), as the number 
of reactors decreased from five to one. Two other species of large 
flounders Glyptocephalus zachirus and Atheresthe s stomias, showed 
similar decreases of specific activity over this same interval (Fig. 4). 

The specific activity of Lyopsetta exilis also decreased significantly 
during 1970-1971. This is shown by plotting the 65.Zn specific activity for 
two size groups, 5-20 mm and 45-60 mm fish, in Fig. SA. The signifi
cant slope of the least squares fit to these points (P<0. 001 and P< 0. 01 
for the small and large fish respectively) substantiates the decline of 
radioactivity associated with reactor shutdowns. 

Fig. 2 shows that both the slopes and the Y - intercepts of the re
gression lines for.!:_. exilis usually decreased with time. The regres
sion line of these slopes vs. time is significant (P<0. 05; Fig. SB). These 
trends, and the significantly (P<0. 01) larger slope of the regression line 
for small than for large fish in Fig. SA, indicate that small L. exilis :reT 

sponded more rapidly to decreased levels of 65zn in the envi-;;-nment than 
large.!::._. exilis. The Zn turnover of small fish was faster and/or the 
specific activity of their prey decreased more rapidly. 
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Seasonal Variations 

Although seasonal variations are not apparent in the data for..!::_. 
exilis from 1970 and 1971 in Fig. 5, 22 analyses of earlier collections, 
when 6 5zn radioactivity levels were higher, demonstrate that specific 
activities were indeed higher during May-September, the time of year 
when the plume is usually located off Oregon, than during October
April, when most Columbia River flows north along the Washington 
coast (Table II). 

Depth of Capture 

The average specific activities of benthic fishes are listed accord
ing to depth of capture in Table III for 1964-1967, the period before rapid 
decreases of specific activities (Figs. 3 and 4). Specific activities gen
erally decreased with depth. This trend is evident despite the large 
variability listed for individual species. Variation is due to aforemen
tioned factors and those cited by Renfro an<l Osterberg [14] . 

Specific activities of deep-sea macrourids on the abyssal plain 
(2700-2900m) are between one and two orders of magnitude lower than 
values for fishes from the upper continental shelf (50-lO0m). This gen
eral trend for decreasing specific activities with depth is believed to be 
mainly caused by the increased time required for vertical transport of 
65 zn from surface waters into the deep-sea. The difference in average 
specific activities between fishes on the upper shelf and the abyssal plain 
is equivalent to 4. 3 half-lives of 65zn or about 3 years. Larger 65zn 
input into surface waters on the shelf is a possibility but the geographic 
location of the Columbia River plume based on salinity and radioisotopes 
[ 3] [ 4] [15] and echinoids [ 9] all show that the plume commonly is found 

intermediate distances off Central Oregon during the summer and usually 
is not confined to shallow water over the inner shelf where upwelling is 
prominent. 
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Specific activities of individual species captured over a wide depth 
range also decreased with increased depth of water (Fig. 6). Microstomus 
pacificus had highest specific activities in shallow water (less than 200m 
depth) and values were lower by 10 times in deep water (800 m). Note 
that larger fish were usually captured in deep water, a factor that could 
confound interpretation of specific activities were it not for the relative 
independence of specific activities and size for large fish of this species 
over moderate size ranges. The 65zn specific activities of Sebastalobus 
spp. also decreased in deeper water during 1965-1967 but not in 1970 when 
only one reactor was in operation. Data on hagfishes (Eptatretus spp.) 
suggest a change of specific activity with depth in 1966 but not in 1970 when 
all had low specific activities . 
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Even fishes from deep water had specific acti vi ties that varied with 
depth. A comparison of specific activities of Macrouridae collected in 
1965 and 1966 from 1250-1600 m on the continental slope and from 2800m 
on the abyssal plain showed that the fishes from slope waters had highest 
specific activities (P < 0. 05, n = 19). 

Food Habits 
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Within the depth intervals listed in Table III, specific activities of 
some fishes are clearly related to feeding habits. Stomach contents of 
Pleuronectiformes (flatfishes) were analyzed and species with highest 
specific activities were found to feed largely on pelagic prey such as eu
phausiids, pandalid shrimp, and fishes, whereas species with low speci
fic activity fed on benthic prey such as polychaetes, ophiuroids, mollusks 
and amphipods (Table IV). This trend is also illustrated in Fig. 7 which 
shows the 65zn specific activities of several species from one collection. 
Specific activities were highest for L. exilis and A. stomias, pelagic feed
ers, and lowest for M. pacificus and G. zachirus, benthic feeders. The 
65 zn specific activities of the stomach contents of L. exilis and A. stomias 
from this collection were 40 nCi/ g; they were 22 nCi/ g for M. pacificuq. 
In all instances specific activities of the prey were considerably higher 
than the fishes themselves. This decrease in specific activity follows 
from radioactive decay in passage up the food chain [16]. 

Based on this relationship between 65zn specific activities and food 
habits we thought that Isopsetta isolepis, a flounder with a low 65 Zn speci
fic activity (Table III) and for which we could find no information on feed
ing habits, would be a benthic feeder. Subsequent examination of stom
achs proved this to be the case (Table IV). Thus specific activity, in this 
instance, was used to predict feeding habits. 

Apparently some species of fishes captured in bottom trawls are 
more closely linked with the pelagic than the benthic food web. Some 
species are pelagic and reside at times just above the bottom. Some 
undertake diel vertical migrations swimming off the bottom at night, as 
reported for other species [ 17). Others may reside on the sea floor but 
feed on pelagic animals that ,migrate close to the bottom during the day.
Pandalid shrimp and euphausiids are vertical migrants [ 18] [19] that are 
important food for several benthic fishes off Oregon (Table IV) and for 
Atheresthes stomias and Merluccius productus from northern California 
[20] . 

Pelagic feeders have higher 65zn specific activities than benthic 
feeders because less time is evidently required for atoms of 65zn to be 
passed to fishes through the pelagic food chain than through the benthic 
food chain and relatively less physical decays occurs. This lag ex 1lains 
why surface-living or predatory benthic invertebrates have higher 5 zn 



content than deposit-feeding infauna [ 6] [ 9] . The fact that euphausiids 
have relatively high concentrations of 65 Zn compared to other animals [7] 
[Pearcy, unpubl. ] also supports this contention. Therefore pelagic
feeding benthic animals may accelerate the transport of elements and 
energy from surface waters to the sea floor just as vertically migrating 
organisms may accelerate transport into the deep sea [ 8] . 

The relationship between specific activity and weight for Lyopsetta 
exilis shown in Figs. 2 and 5 may in part be owing to the feeding habits 
of different size classes of this species [ 21] . The size of ingested or
ganisms was positively correlated with size of fish examined during some 
months. The small prey consisted of small pelagic crustaceans such as 
euphausiids and decapod larvae. The large prey were shrimps and fishes 
that often had lower specific activities than the small crustaceans they 
consumed [18] [21]. Assuming L. exilis accumulates zinc through the 
food chain, small fish would be e~ected to have the highest specific acti
vities. Diet may also be responsible, in part, for the more rapid decline 
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of specific activity in the smaller~. exilis (Fig. 2). Possibly small 
pelagic crustaceans respond more quickly to decreasing environmental 
radioactivity causing, in turn, a more rapid decrease in smaller L. exilis. 
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SUMMARY AND CONCLUSIONS 

1. Although other radionuclides were present, 65zn was the most conspic
uous gamma emitter found in benthic fishes off Oregon, 

2. The relationship between specific activities of 65zn and size of individ
uals was investigated for three species. A significant inverse relation
ship was found for two of these species. 

3. Long-term decreases of 65zn specific activities, illustrated for sever
al species, were correlated with the shutdown of nuclear reactors on 
the Columbia River between 1964 and 1971. 

4. Both the slope and the Y-intercept of the regressions of 65zn specific 

activity on Lyopsetta exilis weight decreased with time during 1970 and 
1971. This indicates that small L. exilis responded more rapidly to 
the dee line of 65 Zn in the envir~ment than large ~. exilis. The fast
er decrease of zinc-65 in small fish is related to their size and the 
specific activity of their prey. 

5. Seasonal variations of 65 zn specific activities in~- exilis were ob
served that correlated with known seasonal changes in the location of 
the Columbia River plume. 

6. Specific activities of 65zn decreased with increasing depth and were 
at least 10 times lower in fishes captured at depths of 2800m than lO0m. 
Individuals of species collected over a wide depth range displayed 
similar trends. 

7. The fact that benthic fishes feeding on pelagic prey generally had 
higher 65zn specific activities than fishes feeding on benthic inverte
brates suggests that these pelagic feeders are more closely coupled 
with the source of 65zn and accelerate its transport to the sea floor. 



ACKNOWLEDGMENTS 

We thank R. J. Eagle, H. Wyandt, I. L. Larsen and G. Wagner for 
their valuable assistance at sea and in sample preparation and analyses, 

10 

D. Hancock for identification of organisms from fish stomachs, and R. 
Holton and N. Cutshall for reviewing the manuscript. We are also indebt
ed to A. G. Carey, Jr. who collected some of the fishes that we analyzed. 
We are grateful to the U.S. Atomic Energy commission (Contract No. 
AT(45-l) - 2227, Task Agreement 12 for financial support (RL0-2227-Tl2-
2 7). 



L_ 

FIGURE LEGENDS 

Fig. 1. Gamma-ray spectrum of a 440 mm Merluccius productus (Pacific 
hake) collected at a depth of 311 m, March 1966. 

Fig. 2. Regression lines of the 6 Szn specific activities vs. wet weight of 

Lyopsetta exilis for 14 collection dates in 1970 and 1971. 

Fig. 3. Specific activity of 65 zn for Microstomus pacificus collected off 
Central Oregon, 180-270m, 1965 to 1971. The lower figure shows the 
number of Hanford nuclear reactors in operation during this period. 

Fig. 4. Specific activity of 65zn for two flounders, 1965-1970. Solid 

symbols denote fish < 200 mm, half- solid symbols fish between 200 
and 300 mm, and open symbols fish >300 mm. 

Fig. SA (below) Specific activities of 65 zn for Lyopsetta exilis during 1970 

and 1971. Each point represents a sample. Lines are least squares 
fits to the points. Upper regression line is for fish 5-20 g wet weight; 
lower line for fish 45-60 g wet weight. 
B. (above) The slope of the specific activity vs. weight relationships of 
Fig. 2 plotted for different collections during 1970 and 1971. Slopes and 
their standard errors are shown. For the least squares fit, each point 
was weighted by the inverse of its standard error. 

Fig. 6. Specific activity of 65zn at different depths for several benthic 
fishes. Symbols indicate different collection times and size of fishes. 
The symbols for Microstomus pacificus: solid <200 mm, half- solid 
200-300 mm, open >300 mm; for Sebastalobus spp.: solid < 100 mm, 
half- solid 100-200 mm, open >200 mm; for Eptatretus spp. all indivi
duals were between 310-510 mm. 

Fig. 7. Specific activity vs. wet weight of five species of benthic fishes 
all collected at one station on 10 May 19 70. All weights less than 100 g 
are ave rages of more than one individual per sample. 
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Table I. Zinc, Zinc-65 radioactivity and specific activity for different 
sizes of Sebastolobus spp. caught at the 800 m depth of Tillamook 
Head, Oregon, 13 July 1969. 

Average wet µg Zn/g 
pCi65zn/g Number in wt. of fish wet Specific 

Sample in sample (g) weight wet weight Activity 
Species nCi/gZn 

s. a 1 ti ve 1 is 42 5 10.4 0. 161 15.4 
s. a 1 ti ve 1 is 23 16 9.6 0. 109 11.3 
s. a 1 t ive 1 is 10 48 8.6 0.082 9.5 
s. aft 1 ve 11 s 5 112 8.3 0.080 9.6 
s. a 1 ti ve 1 is 2 167 7.7 0.070 9 .1 
s. a 1 ti ve 11 s 2 249 5.4 0.053 9.7 
s. alascanus 1 573 6.6 0.036 4.6 
s. alascanus 1 761 6.6 0.027 4.0 
s. alascanus 1 983 6.3 0.026 4. 1 



Table I I. Zinc and Zinc-65 in Lyopsetta exil is collected from June 1964 

pCi 

µg 

to January 1967, 200m depth off Newport, Oregon. All fish were 
between 100 and 200 mm in length. 

May-September October-April p 

65zn/g ash-free dry wt. 12.6 8.21 >O. l 

total Zn/gash-free dry wt. 63.9 72.1 >0.3 

nC i 65 Zn/g Zn 224 110 <O. 02,'· 



Tab 1 e I I I . Specific Activity of Zinc-65 in species of benthic fishes collected on the Continental 
Shelf and slope and the abyssal plain off Oregon, 1964-1967. 

Specific Activity 

Depth Species Length No. of nci 65zn/gZn 
(m) Range Analyses mean std. dev. 

50- 100 Citharichthys sordidus 125-210 4 560 90 

Cymatogaster aggregata 85-110 3 370 280 

Eopsetta jordani 115-235 4 220 120 

lsopsetta isolepis 135-250 4 80 10 

Parophrys vetulus 190-300 7 130 60 

100- 200 Microsadus proximus 150-190 3 170 120 

Sebastes spp. 160-250 6 140 90 

Atheresthes stomias 260-380 4 170 110 

Anoplopoma fimbria 160-450 7 90 60 

Xenopyxi s 1 at i frons 90-160 6 120 20 

Lyopsetta exi 1 is 70-200 33 140 110 

Sebastalobus altivelis 125-200 6 100 20 

Sebastes elongatus 170-250 5 80 20 

Microstomus pacificus 245-360 14 70 60 

Glyptocephalus zachirus 225-285 16 70 40 

200- 400 Merluccius productus 420-530 3 50 30 

Eptatretus spp. 300-460 8 30 10 

400- 800 Sebastalobus alascanus 55-245 14 40 20 

Anoplopoma fimbria 400-470 5 30 20 

Microstomus pacificus 130-360 9 30 30 

800-1300 Macrouridae 260-250 5 JO 30 

}600-2300 Antimora rostrata 310-470 4 20 20 

2700-2900 Macrouridae 200-570 25 10 10 



(,ilJI(: IV. Feeding Habits and 65zn specific activities of Pleuronectiformes 

(flatfishes) collected at two depth ranges off Oregon, 1964-1967. 
' 

50-lOOm 

nCi 65zn/gZn 
Specific Activity 

Citharichthys sordidus 560 

Eopsetta jordani 220 

lsopsetta isolepis 80 

Parophrys vetulus 130 

100-200m 

Atheresthes stomias 170 

Lyopsetta exi lis 140 

Microstomus pacificus 70 

Glypotocephalus zachirus 70 

Food Habits 

euphausi ids, shrimps, amphipods 
crab larvae 

?hrimps, pelagic fishes, euphausiids 

gastropods, polychaetes, pelecypods 

polychaetes, amphipods, pelecypods 

fishes, shrimps, euphausiids 

euphausiids, shrimps 

polychaetes, ophiuroids, pelecypods 

polychaetes, amph i pods 
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Fig. 1. Gamma-ray spectrum of a 440 mm Merluccius productus (Pacific 
hake) collected at a depth of 311 m, March 1966. 
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Fig. 2. Regressiol lines of the 65zn specific activities vs. wet weight of 
Lyopsetta exilis for 14 collection dates in 1970 and 1971. 
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Fig. 3. Specific activity of 65zn for Microstomus pacificus collected off 
Central Oregon, 180-2 70m, 1965 to 19 71. The lower figure shows the 
number of Hanford nuclear reactors in operation during this period. 
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Fig. 4 Specific activity of 65zn for two flounders, 1965-1970. Solid 
symbols denote fish < 200 mm, half- solid symbols fish between 200 
and 300 mm, and open symbols fish > 300 mm. 
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Fig. SA (below) Specific activities of 65 zn for Lyopsetta- exilis during 1970 

and 1971. Each point represents a sample. Lines are least squares 
fits to the points. Upper regression line is for fish 5-20 g wet weight; 
lower line for fish 45-60 gwet weight. 
B. (above) The slope of the specific ij.ctivity vs. weight relationships of 
Fig. 2 plotted for different collections during 1970 and 1971. Slopes and 
their standard errors are shown. For the least squares fit, each point 
was weighted by the inverse of its standard error. 
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Fig. 6. Specific activity of 6Szn at different depths for several benthic 
fishes. Symbols indicate different collection times and size of fishes. 
The symbols for Microstomus pacificus: solid < 200 mm, half-solid 
200-300 mm, open >300 mm; for Sebastalobus spp.: solid < 100 mm, 
half-solid 100-200 mm, open > 200 mm; for Eptatretus spp. all indivi
duals were between 310-510 mm. 



• 
• • 

30 ~:· + • Lyopsettri exilis 
' • - + + Atheresthes stomios 

□ Glyptocepholus zochirus 
"' 

o Microstomus pocificus 
20 

► ◊ £ptolrelus 
□ 

" b 
'\ 

10 '□ 0 0 
□ 0 

0 

0 0 

◊ 0 

L...- __ ...___ __ ...___ __ ...___ _____ 0 L----L------L---------11.....-~-----1------

o 200 400 600 - 800 1000 

Weight (g) 
Fig. 7. Specific activity vs. wet weight of five species of benthic fishes 

all collected at one station on 10 May 19 70. All weights less than 100 g 
are averages of more than one individual per sample. 


