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ABSTRACT

The species and abundance of Crustacea together with the 
radioactivity they contained were traced for a 14-month period.

Seasonal changes were found to influence the amount of 
radioactivity present in the organisms. Rapid growth favored 
high activity density. Unequal seasonal changes in radioactivity 
levels of body organs indicated functional differences in the 
utilization of the isotopes.

A pronounced spring pulse and a smaller fall pulse were 
evident in the abundance of bottom cladocera. Radioactivity was 
highest during the fall pulse.

Crayfish averaged 134 ±22 g live weight and 39±16 indi
viduals per 36 square foot sampling area. Cladocera showed2.6 
g per square foot live weight and 260,000 individuals per square
foot at maximum. No decrease could be found downstream from

32the Hanford Operation. P was the principal isotope present in 
Crustacea, notwithstanding a variety of isotopes present in crus
tacean food and in the river water.
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THE ABUNDANCE OF THE PRINCIPAL CRUSTACEA 
OF THE COLUMBIA RIVER AND THE RADIOACTIVITY THEY CONTAIN

An expanded program for sampling biological materials from the 
Columbia River, beginning in the fall of 1948, has yielded more detailed 
information on problems dealt with in a generalized manner in a previous 
rep o rt^ . A recently published re p o r t^  has covered in detail the aquatic 
invertebrates other than the Crustacea. The present portion of the accu
mulated data deals with organisms which are important as an intermediate 
step in the food economy of the aquatic environment leading progressively 
from the simple algae through the invertebrates to the higher forms of life 
of the river.

METHODS

Data were collected from river sampling stations located as follows:*

Station 8 located one-half mile above 100-B Area
I I 7 it between 100-B and 100-D Areas
I t 6 n between 100-D and 100-F Areas
I I 5 i i one mile below 100-F Area
I I 4R n at Hanford in river current
I I 4E n at Hanford in slack water
I I 3. ti at 300 Area
I t 2 ti at Richland
I I 1 n five miles above Pasco
I I McNary" above McNary damsite (60 miles below Hanford)

Crayfish activity density samples were collected at all of the above 
stations together with occasional samples from Bonneville Dam (200 miles

* A map showing locations of the above stations is given on page 6 of a 
previous report. (2)
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below Hanford). These samples were dried under infrared lamps, pulver
ized, and a oeta count was made on a 0. 75 g aliquot portion. Two to four 
specimens, depending on their availability, were included in each collection 
to lessen the influence of individual variability on the results. Specimens 
were selected from the three year or older size group. Ten specimens 
were dissected to obtain the results for the activity density of component 
organs.

Crayfish quantitative samples were obtained at five of the above 
listed stations as indicated later. Each crayfish quantitative sample was 
collected from an area of 36 square feet in water not exceeding 30 inches 
in depth and bordering the shoreline. Collections from an area of this 
size were judged superior to repeated collections from one to two square 
foot areas which are customarily made for smaller organisms. The 
observed tendency of crayfish to favor the larger rocks for refuge and the 
difficulty of limiting the boundaries of samples of small areas where larger 
rocks are intersected were factors considered in selecting this method.
The animals were captured with hand nets as the bottom covering stones 
were individually removed from the sample area.

Bottom cladocera are restricted principally to the slack water 
environments of eddies or sloughs along the river margin. Such conditions 
prevailed at stations 8, 4E, 2 and McNary of those listed above. All the 
organic and detrital materials from a measured bottom area were collected 
for quantitative studies. Cladocera were separated from this material in 
the laboratory by utilizing their positive phototropic response under normal 
temperature conditions. Activity density samples were dried under infra
red lamps preparatory to counting.

The activity densities of all crustaceans were corrected for both 
radioactive decay and self-absorption.



Crustacea sampling was not practicable during the May to July 
freshet season. In addition, the small number of bottom cladocera present 
during January and February precluded activity density measurements.

RESULTS

Crayfish

The Crayfish Astacus (Potamobius) trowbrldgi is quantitatively by 
weight the most important crustacean in the river. Three collections which 
excluded riffle and eddy locations were made from river current habitats 
at stations 3, 4R and 7. These samples showed an average of 134 1  22 g 
and 39 ±.16 individuals per 36 square foot sample area or approximately 
3.7 g and 1.1 individuals per square foot. Two other samples, one in an 
eddy habitat at station 4E, another in a riffle habitat at station 5 showed 
5.2 g with 6 Individuals and 39 g with 11 individuals per 36 square foot 
area respectively. This would indicate a preference of crayfish for the 
average river current as contrasted to either eddies or riffles. One sam
ple from'a river current habitat near McNary damslte showed 115 g with 
25 individuals per 36 square foot area which is within the range of stand
ard deviation of the Hanford Operation area samples and Infers a lack of 
radical change in crayfish numbers below the Hanford plant. All samples 
were collected during November, 1949. Changes in stream bed area * 
resulting from fluctuations in the river water level should be expected to 
produce seasonal variations in abundance. Since the season of low water 
level incLudes November, the above figures may be regarded as maximum 
for shallow water near shore.

Activity densities for the Hanford Station, the point where maxi- 
mums occur, are given in Table 1.
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TABLE 1

W ater Activity  Density in Units of 10~C pc /m l;  C ray fish  
and C la d o ce ra  in Units of 10"3 ^c /g  Live Weight

Month
W ater

T e m p . C
Water

Activity Density
CrayfiPh 

Activity Density
C ladocera  

Activity  Density
1949 1 1.5 1.9 0.01 ...

2 2 .0 1.5 0.02 ...
3 4.3 1.5 0.02 0.20
4 5 .8 1.3 0.01 0.28
8 18.0 1.0 0.14 0.07
9 17.0 1.4 0.28 1.1

10 15.0 1.5 0.28 2 .0
11 12.0 1.7 0.18 3 .6
12 8. 5 2 .4 , 0.06 0.92

1950 1 4 .5 2 .8 0.09 ...
2 3. 1 2 .9 0.04 ...

D eferr ing  the  c ladocera  activ ity  densit ies  for la te r  d iscuss ion , the 
following s ta te m e n ts  can  be made concern ing  the crayfish  and w a te r  activity 
densit ies  and the a sso c ia te d  r iv e r  conditions. 1. River flow is  governed 
by the melting of snow in the  drainage headw aters  and is  consequently  
lowest in w in ter and highest in ear ly  su m m e r .  2. W ater ac tiv ity  densities  
a r e  governed by the degree of dilution of the  pile effluents, a r e  therefo re  
inversely  r e la te d  to r iv e r  flow and consequently  highest in w in te r  and lowest 
in sum m er. 3. C ray f ish  activity d e n s i t ie s  a r e  highest during  Septem ber, 
October and N ovem ber when water rad ioac tiv ity  levels a r e  in te rm ed ia te  
between the f r e s h e t  and the winter low w a te r  periods. C o n v erse ly  c r a y 
fish rad ioactiv ity  lev e ls  drop during th e  D ecem ber to M arch  period  when 
w ater rad ioactiv ity  levels  a r e  s ignificantly  higher than for the  September 
to November p e r io d .
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A winter period of decreased body function, amounting to at least 
semi-hibernation, begins at November water temperatures of approxi
mately 12°C and continues until April or May. During this period exoskel
eton moulting, body growth and feeding activities are. virtually at a stand
still; therefore a drop in crayfish activity densities may be expected in 
spite of an increase in water activity levels over those of the September- 
November levels. As water temperatures rise, the metabolic rate 
increases and activity densities rise correspondingly.

A further substantiation of this point is gained from a comparison 
of the component organs of the crayfish body at maximum and minimum 
periods of activity density, as shown in Table 2 for the Hanford Station.

TABLE 2

Activity Density in Units of 10”^ pc/g Wet Weight

Organ
October

1949
February

1950 % Decrease
Exoskeleton 24.0 2.5 90
Muscle 15.0 12.0 13
Gills 21.0 3.3 85
Eggs 56.0 3.5 94
Liver-pancreas 51.0 16.0 69
Gut 34.0 17.0 50

Particularly noticeable are the drop in egg and exoskeleton activity 
densities. Eggs are growing rapidly in the ovary during October. During 
November or December these eggs reach maturity, pass down the oviducts 
to the exterior of the animal and become attached to the pleopod appendages 
on the ventrum of the abdomen. They remain here without significant 
change until water temperatures rise sufficiently during the May or June 
period to initiate hatching. Similarly with the exoskeleton, moulting occurs 
regularly during the summer and fall to accommodate the increasing size 
of the animal; while during winter ecdysis is virtually absent because of 
the slow growth.
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The exoskeleton constitutes more than 60 per cent of the body weight.
Therefore, even though this organ is not among those with the highest
activity density levels per unit weight, the total radioactivity present in the
entire exoskeleton amounts to a substantial percentage of that present in
the entire  body. In October the exoskeieton contained 61 per cent of the
total radioactivity in the entire body while in February it constituted 33 per
cent of the total. Decay curves of the organs indicate that the radioactivity

32is due alm ost exclusively to P . This is in contrast to the variety of 
radioelem ents present in the plant population, such as in the plankton-5).

A comparison in Table 3 between the activity levels of crayfish of 
different age groups collected at the Hanford Station in October, 1949, also 
shows the influence of growth ra te .

TABLE 3

Activity Density in Units of 10"3 p.c/g Wet Weight

1st Year 2nd Year 3rd Year and Older

2.0 0. 56 0.28

There is considerable disparity between the values for the first and 
succeeding year groups. Tack^4) has shown that the crayfish Cambarus 
immunis grows rapidly during the first year. Exact information is lacking 
for A. trowbridgi, but local observations point to a sim ilar trend. The 
possible difference in food habits between younger and older animals can
not be ignored. Tack^4) shows a variety of food in the adult diet with a 
tendency toward plant m aterials! however, no information is available on 
the juvenile diet.

«>
»
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T ab le  4 gives the ac tiv ity  densit ies  for c ra y f ish  at all collecting 

s ta tions for months when m ax im um  and minimum v a lu es  w ere obtained. It 
a lso  d e m o n s tra te s  the ac tiv ity  density  gradient for c ray f ish  in this section  
of the  C olum bia  River.

TABLE 4
Activity Density in Units of 1 0 pc / g  Wet Weight

Station October, 194f F eb ruary , 1950

8 (above Hanford Operation) 0 .05 0.05
7 • 0 .5 0 .25
6 0.6 0. 75
5 17.0 2 .5
4 (Hanford) 28.0 4.0
3 8.7 1.7
2 (Richland) 7 .5 2 .0
1 (P asco) 2.2 1 .2
McNary dam site 0. 8 —

Bonneville Dam 0.3 •  • •

Bottom C lad o ce ra

Bottom  cladocera  fluc tua te  seasonally in both  sp ec ie s  and abun
dance. Alona rcc tangula , A. aff in is  and Chydorus sp h a e r ic u s  p redom inate  
in sp r in g ,  fall and w inter. Sida c rys ta ll ina  and E u ry c e rc u s  lem alla tus  a r c  

m ost abundant in su m m er.  T he f i r s t  th ree  range  betw een 0. 35 and 1.0 mm 
in s ize ,  while the last two a r e  four to six t im es  l a r g e r .  Uyocryptus s p in i - 
f e r , C am p to ce rcu s  r e c t i r o s t r i s ,  Alona costa ta  and P leu roxus  denticu latus 
con tribu te  s m a l le r  num bers , depending on the season  of the  year .

c* .

A ssoc ia ted  with the above a s  a minor com ponent a r e  copepods of 
the g e n e ra  Cyclops and C anthocam ptus together with occasional o s tra co d s  
and am nhipods . N on-c rus tacean  in v e r teb ra tes ,  su ch  a s  Rotifera and 
P ro to zo a , a r e  p resen t in g r e a t e s t  abundance during the w a rm er season .
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Most of these  could not be  s epa ra ted  from the c ladocerun  sam ples  in g r a v i 
m e t r i c  analyses  but con t r ibu te  only insignificantly to the total weights.

Results from the Hanford Station obtained during the spring and fall 

p u l s e s  of bottom c ladoce ra  a s  compared to in te rm ed ia te  t imes of l e s s e r  
abundance  in January  and September  a r e  shown in Tabic 5,

TABLE 5

Month Wet wt. per sq .  ft. Abundance per  sq. ft.

J a n u a r y  1949 ... 3,700
M arch ,  1949 2 - 6 g 260.000
Sep tem ber ,  1949 0.05 g 780
N ovem ber ,  1949 0. 11 g 5.600

It is seen from th is  that the ra tio  of abundance between the spring 
pu lse  and the fall pu lse  at maxima is 46:1;  however ,  the ratio of weights 
d u r ing  these  same pe r iods  is only 23:1.

The reason  for th is  difference is that the fall pulse is composed  of 
l a r g e r  spec ies .  During the  m ore  prominent s p r in g  pulse,  the ac t iv i ty  den 
s i ty  of  the  o rgan ism s  is  lower  than during the fall pulse.  The two m o s t  evident 
in f luences  which may con tr ibu te  to this d i f fe rence  a r e  fi r s t ,  the change  in 
s p e c i e s  composit ion mentioned above and second,  the much lower M arch  
w a te r  tem pe ra tu res  as  shown in Table 1.

Several  collections  during the s u m m e r  of 1940 were s e p a r a t e d  into 
juven i le  and adult f o r n . j .  One-th ird  higher ac tiv ity  denniticH w ere  found 

in the m ore  rapidly growing immature  fo rm s .

The activity dens i ty  gradient for c l ad o c e ra  in this sect ion of the 
r i v e r  during September ,  1949, is shown in Tab le  6.
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TABLE 6
Units of 10 Microcuries per Gram Wet Weight

Above Hanford Operation Hanford Richland McNary

0.006 11.0 4.5 2.5

Planktonic Crustacea, consisting of Diaptomus ashlandi and Cyclops 
blcuspldatus, did not occur in the main channel of the river in sufficient 
abundance for activity density measurements. Bosmina longirostris did 
occur in abundance in the plankton of Hanford slough during mid-summer. 
Its activity density is comparable to that of the bottom living forms 
presented.

SUMMARY

The amount of contained radioactivity and the abundance of the 
important crustaceans of the Columbia River were determined from Janu
ary, 1949, to February, 1950.

Crayfish averaged 134 ± 22 g live weight and 39 ± 16 individuals per 
36 square foot sampling area in November, 1949. No significant decrease 
was noticeable downstream from the Hanford Operation. Whole-body 
activity density was highest in September-November period and lowest in 
the December-March period. The activity density of the individual body 
organs, although showing similar seasonal trends, varied according to the 
metabolic rate of the particular organ concerned. A rapid growth during 
the first year of the life cycle contributed to significantly higher activity 
levels than were found in older specimens.

Smaller crustaceans in the bottom fauna were composed of nine 
species of cladocera with a small component of copepoda. Quantitative
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sam p les  of th ese  showed a  pronounced spring  pu lse  and  i  le s s  defin ite  fall 
pu lse. W eight and abundance data showed no m a jo r  change in the Hanford 
O peration  sec tio n  of the r iv e r .  A ctiv ity  d en sities  w e re  h ighest during the 
fa il p u lse  with rad ioactiv ity  of the  im m atu re  fo rm s  exceeding  that of the 
adu lt fo rm s  by one-th ird .

B oth c ray fish  and c la d o c e ra  showed a m ark ed  d ro p  in rad io ac tiv ity
32levels  dow nstream  a t R ichland and M cNary Dam with P  as  the p rin c ip a l 

iso tope involved.
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s ta ff  fo r  a s s is ta n c e  in co llec ting  and p ro cessin g  of s a m p le s  and to R. W. 
K iser of C en tra lia  W ashington Ju n io r College fo r iden tifica tion  of c lad o c e ra .
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