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Behavior Pattern in 
Migratory Fishes 

I wish to call attention to a behavior 
pattern in certain migratory fishes which 
may be a very common phenomenon. So 
far the evidence for its universality is 
relatively slight, yet there are indications 
that it may be both widespread and of 
some importance to the economy of the 
affected species. The hypothesis may be 
stated as follows: I n  anadromous or 
potamodromous ( I ) fishes the earliest 
arrivals in a particular spawning tribu- 
tary will travel to the farthest reaches of 
the acceptable breeding area, the later ar- 
rivals occupying territories closer to the 
mouth of the stream. 

My first awareness of this type of be- 
havior came when I was working on a 
small coastal stream in California ( 2 )

\ , 

and I referred to it, for want of a more 
concise terminology, as a "phenomenon 
of differential distribution." Since that 
time attempts have been made to collect 
further information. both from the litera- 
ture and through correspondence with 
persons engaged in research on the life- 
cycles of such fishes. 

Stone ( 3 )  and Hobbs ( 4 )  both noted 
that the earlier runs of king salmon (On- 
corhynchus tshawytscha) go farther up- 
stream and that the later fish take places 
below them. I n  1939, Pritchard and 
Cameron ( 5 )  observed the distribution 
of tagged sockeye salmon (0.nerka) in 
a small creek but found no significant 
correlation between the location on the 
spawning areas and the time of entry into 
the stream. I n  this case it may be that 
the presence of a weir, which would 
somewhat delay the spawning run, and 
the handling of adults during the tagging 
process had some effect on their subse- 
quent distribution. I t  is interesting to 
note that a report by Schaefer (6) ,  also 
describing work with the sockeye salmon, 
does refer to a differential distribution 
on the spawning grounds. 

During his observations on the life-
history of the sea lamprey (Petrontyzon 
marinus), Applegate ( 7 )  found a well-
marked differential distribution. The  
most recent observations (2 )  of this phe- 
nomenon were made on the Pacific lam- 
prey (Entosphenus tridentatus), the 
silver salmon ( 0 .  kisutch), and the 
steelhead trout (Salmo gairdneri) . 
Briefly, the results of communieation 

with other biologists have been encourag- 
ing because many have mentioned casual 
observations which tend to show that this 
distributional pattern is repeated, at least 
occasionally, in other areas and with 
other migratory species such as the east- 
ern brook trout (Salvelinus fontinalis) 
and the Atlantic salmon (Salmo salar). 

-4s is stated in a foregoing paragraph, 
the hypothesis is given as a possibly typi- 
cal behavior, but I recognize that a num- 
ber of situations might exist which would 
so modify the effect of this behavior that 
its expression may be more or less in- 
hibited. These are some factors that must 
be taken into consideration when obser- 
vations are made for the purpose of test- 
ing this hypothesis: ( i )  The breeding 
area of a particular stream may be cut 
off or otherwise affected by dams, log 
jams, or waterfalls. ( i i )  An unsuitable 
spawning substrate might be present over 
a portion of the area. (iii) Local pollu- 
tion or unfavorable temperatures may 
have noticeable effects. (iv) The be-
havior may not be shown by species that 
typically spawn very close to salt water 
or in brackish situations. ( v )  There might 
be a great range in size in a particular 
species, so that the larger individuals 
would be inclined to seek deeper water 
for spawning purposes. 

The most logical explanation of why 
such a phenomenon should exist is that 
it is genetic in nature and such early 
arrivals are offspring of parents that 
showed a similar behavior. The principal 
objection to this theory is that there are 
certain selective disadvantages operating 
against such a state of affairs. The fishes 
that spawn earliest (a t  least in some spe- 
cies) travel upstream under conditions of 
relatively Iow water, with the result that 
passage is more difficult, and are, pre- 
sumably, under greater threat from 
predatory animals. However, this disad- 
vantage may be offset by the favorable 
conditions that are found by the young 
upon their emergence. They would have 
a headstart over the progeny of the later 
arrivals, an especially important factor in 
such fishes as salmon or trout, which are 
quite cannibalistic. 

In  some Pacific salmon another cause 
may lie in the territorial behavior of the 
female. Once the territory is selected and 
the spawning activities are begun the fe- 
male becomes a very zealous guardian 
and remains so for a considerable period 

after the eggs are deposited. This may 
discourage later females from penetrat- 
ing farther into the spawning area, espe- 
cially if the stream is small. O n  the other 
hand, territorial behavior is only poorly 
developed in the steelhead trout and the 
sea lamprey, and, as was mentioned pre- 
viously, these two species have been ob- 
served to follow the differential distribu- 
tion pattern. 

This "rule" of behavior is presented 
here as a hypothesis, one that does seem 
likely in view of the information obtained 
so far. I t  is hoped that its publication will 
stimulate the curiosity of those engaged 
in research on the life-histories of migra- 
tory fishes. 
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Concentration and Purification 

of Polio Viruses 

Methods have been develo~ed recentlv 
that employ heavy metals in the separa- 
tion of various components of plasma 
( I ) . These techniques have been utilized 
in the concentration and purification of 
influenza and Rous sarcoma viruses ( 2 ) .  
We have applied modifications of these 
methods to the concentration and puri- 
fication of polio viruses. Highly signifi- 
cant results have been obtained, and 
since vaccines made from these agents 
currently occupy much attention, a brief 
mention of our results appears to be 
timely. 

Polio viruses types I, I I ,  and I11 grown 
in monkey kidney cells in 199 medium 
have been quantitatively precipitated by 
the addition of zinc lactate to a concen-
tration of 2.5 to 5 mmoles/lit at pH 7.5. 
All manipulations are carried out a t  2'C. 
The precipitate (which contains greater 
than 99 percent of the virus) is separated 
at about 3000 rev/min in the refrigerated 
angle centrifuge. The insoluble zinc-virus 
compound is washed at various pH levels 
with reagents such as 0.85-per cent NaCl 
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