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Jp»î 5̂í/Ww>. .■■• ¿L * • . '*'-* 'Cî̂AvL-vK ' fe : i 'è- v
C-ßnvuj?Jjj| v\4i,J>"”s 0̂J 1 <*̂ C’

XkÁ J X  '^m
p  J i W 4 '

(aÍ W  Ä i f i Ä »  p  s»;
|g|

fcl¡|§| »~(kJ

~~ S ^ tjßvwo

•:|fc%4kc Ä

«S JLMAfS- WÊ&flili ■#■
a i-'.■#.■ o  i

X. ^  |2-^C-^V'~̂ lvo p  f 4 , C-*» é” i|i f ̂  " f̂,.-'<«î''Ŝt!,» Â4;%.,
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THE ORIGIN OF HATCHES! RAINBOW TROUT, by P. R. Ne«<txara and 
Robert J, Behnke*

Rainbow trout, Sairao g&irdneril, have been propagated 

for .almost 83 years in hatcheries in the United States* The 

original hatchery rainbow taken from the McCloud River, California 

. has sine® been crossed with many other strains and selectively 

bred for hatenery conditions until, no present-day hatchery rain

bow truly represents the original ‘icCloud River type, Probably 

every western State that propagated both rainbow and cutthroat 

trout experimented with hybrids. The cutthroat influence, such 

as a 'faint cutthroat mark and occasionally basibrariehial teeth, 

m y  still be observed today (Hot Creek, California, strain) in 

soa© hatchery stocks. All hatchery rainbows that we know of, 

however, are coarse scaled, typically 120 - li¡S scales in the 

lateral series.

In this paper evidence is presented that the original 

"Shasta” rainbow used for hatchery propagation was actually the 

result of mixing two types of rainbows] a resident fine scaled 

form and the anadroraous stoelhead.

Wien Livingstone Stone undertook the artificial pro

pagation of king salmon, Oncorhynchus tshawyfcscha. on the McCloud 

illver in the early 1870*s, he noted the availability of rainbow 

trout and the possibilities for including them in his fish 

cultural activities. In 1879, the taking of rainbow eggs began 

at the U.S, Fish Commission station at Baird on the McCloud,
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Stone's reports, found in the early volumes of the 

U,S, Fish Commission bulletin, make lively reading. Troublesome 

incidents with Indians* poachers, thieves, mountain lions, and 

floods are recounted in a matter-of-fact manner« Not the least 

of the problems which perplexed him was the possibility that he 

was dealing with more than one form of rainbow trout. Stone (1883) 

wrotes “The question has been raised. ’Is there -nore than on© 

variety of black spotted trout in the McCloud River, California?’

It is settled beyond doubt that the McCloud contains Salrao iridea. 

the coarse scaled trout of the McCloud River proper that grows to 

a weight of eight or ten pounds« Is there another kind in the 

McCloud »Liver, finer scaled and different shaped?” Stone ex

amined the trout held in his trout ponds and believed that he 

was dealing with but a single fora, but if there wore two formas 

they shade into each other by imperceptible degrees* Stone goes 

on to make a significant remark which 'ms important implications 

concerning the original genotype of hatchery rainbows: "One 

thing is certain, which is, that if there are two or more species 

of trout in the ponds, the eggs distributed from these ponds 

are the fruit of an intermixture of both or all varieties, for 

all the males and females in the ponds are used indiscriminsntly 

in the egg taking season and all seems to be equally efficient 

in producing fertilized ova." Stone (I88I1) saidt "The only dis

tinction which the writer could discover between the so-called
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fine scaled and the coarse scaled varieties was simply this, 

vis: that the large fish in the river were coarse scaled and 

the smaller .fish in the brooks which flow into the rivers were 

fine scaled.” Wales (1939) pointed out that the McCloud was 

known to have a eteelhead run. Trout for breeding purposes 

were taken from both the tributaries and the main stream. The 

eight to ten pound coarse scaled trout of the McCloud probably 

represented the stealhead and the fine scaled trout in the 

tributaries were most likely resident fish, Frora~.the circum

stantial evidence, it seems highly probable that the original 

”Shasta rainbow” of fish culture fame had a large measure of 

steelhead influence in lie heredity and did not represent & 

strictly resident trout as has been commonly believed, but was 

actually an amalgamation of the resident trout from the 

tributaries and the anadronous steelhead of the main stream. 

Concerning the reality of the occurrence of both a 

fine scaled resident rainbow and a coarse scaled steelhead in 

the McCloud we must rely on analysis of the literature and 

examination of museum specimens in an attempt to reconstruct 

the actual facts, because the type locality is beneath 300 feet 

of water at the bottom of Shasta Lake, and hatchery introductions 

have altered the genotype of the trout in the upper McCloud,

Jordan and Meashaw (1873) described a trout specimen 

from the McCloud as Identical to the cutthroat trout from Lake 

Tahoe, Later, Jordan (1883) believed there was but one species 

of trout in the McCloud and the upper Sacramento River system
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«id it was Salao irideus« He claimed the fin© scaled trout 

of the tributaries were probably the result of environmental 

influences* Jordan (l&9k) reversed himself and described the 

no-shee trout* Sal mo irideus a tone! * and the Shasta trout*

Saimo gairdnerii shasta, from the McCloud* In reality, these 

descriptions give little evidence that two species were 

actually involved*

Examination of the type material of shasta arid stone! 

at Stanford University indicates that they represented specimens 

taken fro® a single population. The types of stone! and shasta 

represent the fine scaled resident form. Observations on the 

scales support this hypothesis. There is no indication of 

ocean growth in the scales of three specimens examined. They 

revealed that they were in their fourth or fifth year while 

only 316 to 323 millimeter» in standard length, which indicates 

typical slow growth in cold mountain streams* Scale counts 

made in the lateral series on the types of shasta or stone! and 

from other collections from the McCloud and Pit dvers and their 

tributaries typically rang© from 1U0 - 170* In more than 100 

specimens of steelhead. collected from various areas from California 

to Alaska* the typical- scale counts range from 120 - Rutter

(1900) presented a number of scale counts made on rainbows from 

the upper Sacramento system and his figures definitely show that 

the fine scaled rainbow was widely distributed* Some specimens

from the Pit River and its tributaries have definite indications
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of cutthroat Influence. Besides the fin® scalation, the 

spotting and morphology is suggestive of a cutthroat or a 

cutthroat-rainbow hybrid and often a cutthroat mark is 

present. It was probably on such specimens that Snyder (1908) 

based his records of cutthroat from the Pit ¿liver and Burmy 

Creek, a. tributary of the Pit,

The argument m y  be made that the finer scaletion 

found in the resident trout of the upper Sacramento ¡liver 

area m s  due to a direct action of the environment. But whan 

a number of samples from & number of localities in the upper 

Sacramento show from 10 to 30 more scales than a large series 

of steelhead collected from widely scattered areas over their 

entire range, we believe that this indicates a genetic basis 

for the finer scalation. The most plausible explanation of the 

fine scaled rainbow of the upper Sacramento diver system is 

that they resulted from an infusion of interior cutthroats 

moving down from the Gooso Lake drainage during an early con

nection with the Pit uiver. There may also have been natural 

headwater transfers of cutthroats from the Lahontan basin into 

the upper Sacramento. The subsequent introrression of cutthroat 

genes through the native rainbow population gave rise to a 

distinctive fora which in the McCloud River caused much con

fusion both to the fish culturist and the taxonomist*

The activities of man has drastically changed the 

original distribution of the native trout in the upper Sacramento
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system and w© do not know to what extent the fine scaled for» 

intergracted with the coarse sealed type* If the fine scaled 

fora did make up a discrete geographical unit with sows constant 

characters, they should be recognised as a aubspecle in the 

rainbow series* The nasi© stonei has priority over shasta* But 

because our knowledge of the situation is incomplete, we haw 

not reached a decision concerning the scientific name of the 

fin© scaled trout of the upper Sacramento*

We sincerely appreciate the cooperation of J, H* Wales, 

Oregon State University, for the loan of specitnens and color 

notes, and of Dr. G* S. Myers of Stanford University for the 

loan of speci»ns*

Susaaary

The rainbow trout originally used for the establish

ment of hatcher rainbows was from the McCloud Elver, California* 

The McCloud and other waters of the upper Sacra; ¡onto Elver 

system had a fine scaled, resident trout and also runs of anadromous 

steelhead. Evidence is presented to show that both of these types 

of trout were used to establish the original hatchery rainbowj 

thus, the ’•Shasta’* rainbow of fish culture fast© m s  actually a 

mixture of these two forms*
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tix

lie /vuX A i - X X * - \ j  <§ÿ̂  /*»

^ x x J L k w  >. 6 ,  iv ^ r x J U ^ i  ^  f H  -
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¿jĵ fruyo XU ^  gfl| , r| ^ í q j j. j j¡
9 -

S/u*Jt ^oA**
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SOURCES OF MOM Mi
P. R. MeedhSb.

aOM NATURAL POPULATIONS 
J* Betake

Previous articles have appeared in this Journal dealing with the 

attempt to develop a hatchery strain of M i M W  non - migratory 

rainbow trout*. ( Ratledge and Cornell 19531 Carbine 1953)
^4«^«

adTaatag©# of a non-mlgrmtoiy rainbow trout are. many, would it not to# 

more feasible® both economically and biologically* to locate, a natural
/WMr*v 1

population of.rainbow trout »*. 5?

In our studies on $he genus Salmo in western North America* we have 

collected and examined specimens of rainbow trout from diverse environ- 

sente over theAw, satire range from Mexico to Alaska. Many of the popula
tions investigated were of the non-migratory type, often tagged with 

the specific or sub specific name irideus. There are no morphological 

characters which will separate all non-migratory trout from all migratory 

trout. MwyRfipSfcg a population of rainbow trout isolated above a barrier 

falls in Claireborne Creek * a tributary of the McCloud River in Calif

ornia* MUralf not only has developed a nan-migratory habit* but also a 

distinctive morphological character which makes it readily recognized 

from other rainbow trout - even those examined from below the falls.
TIU.Them. character is the low number of branchioetegal rays. All 23 A

specimens examined from Claireborne Creek above the falls had 9 bran- 

chiostegal rays on the right side* 17 specimens had 9 rays on the left 

side and 6 had 10 rays on the left. (Counts wee made accords»# <fce Hubbs 

and Ugler, W W ^ U - W W a c t *  |«PaH>d „Uh M 3  d ^ i - n s  of 

rainbow trout collected in various parts of their range from California 

to Alask&jwtup These I|83 t r o u t p j i g r g f r o ®

te§l*ln8rtehl8'ltl|H f^4§fet is distinct from the



n e ls u n i  type o f  Baja. C a l i fo rn ia ,  b u t c e r ta in  p o p u la tio n s  on th s  m ainland 

have extrem ely  reduced a e r i s t i e  c o u n ts , (Needham and Card 1 zn elu d - 

Ing  th e  branch lo  steg& l r a j  counts*

It is significant that every one of the Glaireborne Creek trout 

could be separated firm all of the other rainbow samples fro® Baja Calif
ornia to Alaska on the basis of 9 branChiostegal rsys on the right side.

When the total branchiostegal ray count is considered, i. e. the sum of 
tiie left and the right sides, 1? specimens haw a total of 18 ragrs (9on 

the right and 9on the left) and 6 specials have a total of 19* i$ m  

the right and 10 on the left) Of the above mentioned trout, a single

has a total count of 19 rajs* this fish was from Elite Creek, B.C. 

and had the unusual count of 113 rajs on ths fight and 9 on the left* 

generally, if there is a higher number of branchlostegal rays on one side, 

it tends to be cm ths left side* 1
V S* f 1. i * ■■ /  5 V , ' ‘  ̂ ' kf t V * ' l

If the Clairebome Creek trout were to be introduced into other 

waters, the branchiostegal ray count would sbrve many of the functions of 

a tag* An advantage over a tag would be, that while a tagged trout will 

not pass the tag on to their offspring, it may be assumed that the low 

branchiostegal ray count will be Inherited* Of course this hypothesis 

must be tested under diverse environmental conditions and experiments 

win be neccessaxy to establish the limits of variation that the environ

ment can induce in this character* Wilder (3L9$2) raised 5© eastern brook 

trout, BalveUnus fontinalis, at 5*5*0* which yeflded a range in branchiostegal

rays of from 9 to 12 with a mean of 10*76* He also raised U6 specimens of the 

same parentage at 0«9*C. these also produced a range of 9 to 12 but the mean 

was reduced to 10* 26* «.

It should be assumed that. Iflgjm the Clairebome Creek trout will freely 

interbreed with other rainbow trout if given the opportunity, but d m  to 

rigorous seisetdon for resident life in a small stream it is possible that 

a degree of reproductive isolation might originate from habitat preference*



Wales*». (1939) mentioned the Claireborne Creek trout and also 

discussed the possibilities of propagating it as a non-aigratoiy strain* 

For email mountain stream® where previous introduction® of rainbow trout 

have been unsuccessful* sued a trout as the Claire borne Creek rainbow* may 
prove a useful tool in fish culture*

Mary of the specimen̂ , were lonaiy loaned ty otanroacd University, the 

California Aoadeay of Sciences* and the University of British Columbia* «sé-

ApHubbs, C.L. and K. F, Lagler
U  I9h9* Fishes of the Great hakes Region. Bull. 26, Cranbrook Inst, of 
r  Sci. 136 pp.

Needham, P. R. and R* Card
3959. Th® rainbow trout in Mexico and California with notes on th© 

cutthroat series*

Ratladge* H. M* and «J. H. Cornell
1953. Migratoiy tendencies of the Manchester (Iowa) rainbow trout* 

Prog. Fish Cult. 15 (2)* 57-62.

iMMm w we gratefully aknowledge their cooperation
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On Certainty - Wittgenstein (1969)

"We use judgements as principals of judgement." (An infinite regress - 

Wm. J. McConnell)

"We do not learn the practice of making empirical judgements by learning 

rules. We are taught judgements and their connection with other judgements.

A [web] of judgements is made plausible to us." (We develop a mindset 

from our Tribe - Wm. J. McConnell)

"Not only rules but also examples are needed for establishing a practice.

Our rules leave loop-holes open and the practice (craft, science) has to 

[demonstrate] itself."

"When we first begin to believe (learn) anything, what we believe is not 

a single proposition, it is a whole system of propositions. Light dawns 

gradually over the whole."

"In order to make a mistake, a man must already judge in conformity with 

mankind."

"Doesn't testing (doubting) come to an end?"

"The difficulty [with science] is to realize the groundlessness of our 

believing." (Groundless means without ultimate proof here - Wm. J. McConnell)

"At some point one has to pass from explanation to mere description."

"Knowledge is in the end based on acknowledgement." (On authority - Wm.

J. McConnell)
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On Certainty (Continued)

"If someone doubted whether the earth has existed a hundred years ago, I 

should not understand, for«this reason: I would not know what such a person 

would still allow to be counted as evidence and what not." (What authority 

does he accept? - Wm. J. McConnell)

"So rational suspicion must have grounds. We might also say: the 

reasonable man believes this. Thus we should not call anybody reasonable 

who believed something in despite of scientific evidence. But who says 

what is reasonable to believe in this situation?"

"That is to say, it belongs to the logic of our scientific investigations 

(physics) that certain things are in deed not doubted." (We agree not to 

doubt some things - Wm. J. McConnell)

"My life consists in my being content to accept many things." (On authority 

Wm. J. McConnell)

".....  it is difficult to begin at the beginning and not try to go further

back."

(it then follows that:)

I must recognize certain authorities in order to make judgements at all. 

(Authorities are agreed upon beginnings - Wm. J. McConnell)
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Conjectures and Refutations - Popper (1965)

"All terms (measurements) are theoretical..;^..though some are more 

theoretical than others." (Numbers on a dial or stick; color of a liquid 

in a tube; counts of similar things in a visual field, only mean what we 

agree they mean. - Wm. J. McConnell)

"[We can only make scientific predictions about] systems which can be 

described as well isolated, stationary and recurrent. These systems are

very rare in nature.....  The life cycles of organisms are part of a

semi-stationary or very slowly changing biological chain of events,"

(Also recurrent and well isolated from catastrophies because once the 

creature is dead it no longer is expected to act like a member of its 

species - Wm. J. McConnell)

"But inductive logic is impossible [because it] must involve either an, 

infinite regress or [is based on authority]." (The evidence for induction 

is an induction depending on an induction, etc.; or else some wise man 

said induction was valid and we acknowledged his authority because he 

seemed wise - Wm. J. McConnell)

[All theories are metaphysics (myths).]

"[All theories] are conjecture as opposed to indubitable knowledge."

"No logically possible future observation can ever contradict the class

of past observations." (Quoted from Hume by Popper) (A scientific

experiment doesn't consist in checking on the accuracy of past observations.

It is possible that the past does not agree with the future relative to*
it. - Wm. J. McConnell)
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Philosophy of Biological Science - Hull (1974)

"In short, is there a single philosophy of science that is equally 

applicable to all areas of natural science or are there several, each 

appropriate in its own domain?"

"From its inception, philosophers and scientists have not been satisfied 

with evolutionary theory as a scientific theory."

"It is unfalsifiable" [it is tautological, it can't predict, it can 

only explain}.

"That is, no property which can be used to distinguish the species 

under investigation from all other species is universally distributed 

among the members of the species and vice versa."

"The currently accepted paradigm of a scientific law is a process law--- "

"Process laws are possible only for systems like the solar system that 

are effectively closed - with respect to the relevant variables,?!

("The solar system is closed only on a human time scale" - Wm. J. McConnell)

[then perhaps:]

"There are no biological theories" (or is it all a matter of judgement 

about time scales and aggregates vs individuals - Wm. J. McConnell)

"If the basic laws of quantum physics are necessarily statistical, 

then perhaps the prevalence of statistical laws in biology is not all 

that bad."

(Maybe the only science is that based on quantum theory which is the statistics 

of huge numbers. But biological statistics are seldom about huge numbers. - 

Wm. J. McConnell)
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Philosophical Remarks - Wittgenstein (1964, 1975)

"And when, as in set theory [mathematics], tries to [prove reality], 

we ought to cut it down to size."

"Causality rests on an observed uniformity. Now that doesn't mean 

that a uniformity we have observed until now will go on forever [but 

it must have] been uniform until now."

"The complexity of philosophy is not in its matter, but in our tangled 

understanding. Philosophy unties the knots in our thinking, [to do 

so] it must make movements as complicated as [those that tied the knots]."

"To explain is more than to describe; but every explanation contains 

a description."
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Zettel - Wittgenstein (1967)

"To understand sums in the elementary school the children would have 

to be important philosophers, failing that they need practice." (A 

dig at modern math - Wm. J. McConnell)

"The classifications of philosophers and psychologists: they classify 

clouds by their [changing] shapes.'! (And maybe ecologists to? - Wm.

J. McConnell)

"Sufficient evidence passes over into insufficient without a definite 

border!ine."

"Any explanation has its foundation in training. Educators ought to 

remember this." (We must be trained to "believe a problem" before 

a theory can be offered as an explanation - Wm. J. McConnell)

"Concepts with fixed limit would demand a uniformity of behavior.

But where I am certain, someone else is uncertain. And that is a fact 

of nature."



|M§a
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Against Method - Feyerabend (1978)

"Scientific education as we know it today has precisely this aim [:brain 

washing]. It simplifies science by simplifying its participants...."

"Now science is never a completed process, therefore it is always "before" 

the event. Simplicity, elegance or consistency are never necessary 

conditions of scientific practice."

(Quote from Niels Bohr by Feyerabend)

"ÿ....  hypotheses inconsistent with observations, facts and experimental

results need no special defense for there is not a single interesting 

theory that agrees with all the known facts in its domain."

"As a result, a theory may clash with evidence not because it is not 

correct, but because the evidence is contaminated."

"We need a dream world in order to discover the features of the real 

world we think we inhabit (and which may actually be just another dream 

world)."

"Hypotheses contradicting well confirmed theories give us evidence 

that cannot be obtained in any other way. Proliferation of theories 

is beneficial for science, while uniformity impairs its critical power."

".....  that this appearance of success [consistency, predictions]

cannot in the least be regarded as a sign of the truth and correspondence 

with nature."

"There is no idea, however ancient and absurd, that is not capable
»

of improving our knowledge."
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The Methodology of Scientific Research Programs - 

Lakatos (1978)

"Scientific theories are not only equally unprovable and equally improbable 

but they are also equally undisprovable.11

"As science gtows; the power of [new] empirical evidence diminishes."

"A given fact is explained scientifically only if a new fact is also 

explained with it."

"...... refutation without an alternative shows nothing but the poverty

of our imagination in providing a rescue hypothesis."

"There is no falsification before the emergence of a better theory."

".___ _: the probability of a theory given evidence can depend only

on the theory and the evidence and not upon whether the evidence was 

produced before or after the theory."

"It is a succession of theories and not one given theory which is appraised 

as scientific or psuedo-scientific."

(Paraphrased to shorten and make clearer.)

"In writing the history of science one compares the neat rational story 

with the original unedited untidy notes to find out how false the first 

is and how irrational the second is."

"Some of the most important research programmes in the history of science 

were grafted on to older programmes with which they were blatantly

inconsistent.
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The Methodology of Scientific Research Programs (Continued)

"The history of science has been and should be a history of competing 

research programmes but it has not been and must not become a succession 

of periods of [non-competitive science]: the sooner [disagreement] 

starts, the better for progress,"

"All this suggests that we must not discard a budding research programme 

simply because it has so far failed to overtake a powerful rival [it 

should be sheltered for awhile]".

"Our considerations explain why crucial experiments are seen to be 

crucial only decades later."

(As in textbooks - Wm. J. McConnell)

"Our scientific folklore, however, is impregnated with theories of 

instant rationality."

"There are no such things as crucial experiments."

".....  each test is a challenge to the whole of our knowledge." (Not

just the fragment being tested - Wm. J. McConnell)

"Neither the logicians proof of inconsistency nor the experimental 

scientists verdict of anomaly can defeat a research programme in one 

blow."
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Cv'Virt̂ VvŴ î ^ 'rWw4'*<- yy fv̂ evçyvce-

/» ...  .....
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î h jT rep c^  Qaîüt 4~,cJ w ^ I  v <̂¿ *ú

..r  ...- —  ' ■
\ Çç —  y ¡r - c H ^  îk h »t»t> t**—  Ĉ i ̂  &¡¿jÍ
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ĉ v r ij^ P Cĉ Ŷ uU ^ M J 1̂ 1̂&4*J~S

Ü> <- VUiHf̂  -̂*4V\ gfa-v-4»

. 5  ̂ .M v^ -̂*y _ ̂ jgá í é «► -w ,vÿU i
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) (Jy »v(PCV̂ -t ̂¿3? ÔlLÄÄx̂ fU«.
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¿BS I^ÌAsÌT  pA^au> ‘̂ #  ̂S\JL<ß**^ 'Tfi * *, tf,-^/V¿A_f

i¿¿54̂21̂ ^

1̂ ~ *?V\^ C€st̂ jfmm ¿̂>CA- rLcp̂ ù̂  r

‘ff¿  LK^tHAryp- c£ »
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iSŜ p/iszS ô ^oüil^ *7 3 %  3? 2 *irn ¿y***
oktrJJo- w f .  ¿jtcJ-’-n ~ ’-ife lÀxtt A V A^ 7 Pr**^ H-

* r • f\7



A ?.c .  g |  ¡ I  , ~ T U  S c p s« ^  C ^cJL
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Cĉ  &Pp> kr& y  ^ Át Cy^trt/Xj/«-^

I ®| Ü  " I cp^údi^- 'fé
fîlnûiSh rf^y^íM^ í i/!_>/>? - - àpr ; ^  w '

| ^ % l ^ ’,i«! 9t>0.**y rt/^w



lç>i? t/yN Ctrl I ^  — Cvtl y- 3s®

t f7 é >
¿ (rY * c íwW i 1 1

;j s  ?
)  f lU —i.7 *> í í í  

«PJ-tf y~ ' < ^ ü  '  {4t>fcl r̂
..r

2H  ~  | i j t
■ ò fe*' A  

Ó fve ■.. ^  7  3L — P er  f V

^  . h^viiJk^»
t̂ a

¿  3 - 2 X

i

_i..(p.,ö. r„t7jB 5TOr:6r
w / r  ■ • ; " y '

................. . . O. ^  2, A UWukaAû I  ̂ —I
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yisis'xĉ  ̂ dzétê LA s&>  ̂ ¿̂¿Jksí#visy . "7^__ _

/ 7  *¡TU *2'b<¿s9 a

j^ ¿ ¿ d  S ïte Æ '

-füU.UJ b̂Lsfai CjÚxj&Íi



jl - &. J L â Î ê Ô A w  î 2_jLert=Ä, c ^aIÊÔK.' Ĉ0? 

B ^ ¿ & U &  . / t . J U X -  4  O 9- C ^ ) • 3~ 3  - 7 - J - V 3 --------- ; ~ ~~\¿~' r-

$ b F & 7 C $ R ¿ r ' 1. ' M  j | ¿ ¿ ..T > s ^ ,  ) 9 r j ^ :  ^ - u !s ^  -ty

C ^ eJ l^ o  Ouÿ£££&& /  '̂ Z*tAj-*\-

C S öl£ * ^ o M vJZ*. L. ä- 4  J U ìÀ É - 2.--
£ w ,  / W .  3 ' ^ -  .^ ( ‘1);
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'ÎJh  ̂ j ^ ^ X ^ Î X r v \  <l^ v \  JL xs\ £s(>*y/\s€s>ufâ*ê-iuJ! A-^-^ á^&C-rtl^ - ¿tAX.

J M l ^  ¿^ 6 y w ^ u Ä  Vw ^ÔjU  ^  nü.
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ÎLAä-̂  ̂ 9̂tr9j2>? j|| 4 ¿vĈ jLs»
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4<5 Ŝ Lsj&ĵ Jy ¿ iwf’g>k,v'’
^/✓<///.̂ / <•

P^/ A> /0ì ‘ ^  €̂ 7 . (2M4^ìA

f h n ^ o ^ A  P ô€. J ì ^  • ui^^-y Ç \ ^ r X  V P  J

—  'T ì ^ x a  1)a ^  i U ' S ^ ì - t j b .  C vu, a

lyv ir ö^>^> C*. ^>j}\€j w y Ĉl'r/  4-
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INSTRUCTIONS FOR INCUBATION AND PRESERVATION

OF FERTILIZED EGGS

Samples of fertilized eggs for chromosome studies should he taken, using 

the following procedure:

1. Fertilize a sub-sample of approximately 2 oz. of eggs from each of 

five females, keeping the eggs from each fish separate (1 oz. 

adequate if supply limited),

2, Incubate separately in cheesecloth bags and after 32 temperature

Iughscqhave been accumulated, place the eggs in a fixative 

(Fixative: 1 part glacial acetic acid, 3 parts 95$ alcohol).

3, The developed eggs from each female should be preserved separately 

in individual 4 oz, bottles to which the fixative is added to 

cover the eggs after placing the living eggs in the bottle.

4. If possible, different males should be used for each female; 

if not possible, please indicate on which eggs different males 

were used.

m  ;



——  you-

iiv>&ry *

a fee*« *

f
je^T p  J  i ' «i

3 ! C ^ c

C f t

Vie«/ r:
C»/Tttir®5>t - J

T'my U»1 
3 V99I

rujp« *r
Tr«*r c/»ir. frer/4**

\ -% ** 
i FK

| t > f ) i> o f- *x «• -  3 >
u >Te Yy

Js <[.
s f  $
"¿p

A#

M i

c3,^ 6ev»-e <̂ p 
A summary of information on a unique form of cutthroat trout 

native to the Snake Valley section of the 
Bonneville Basin, Utah and Nevada

Prepared for BLM 
Salt Lake City, Utah 

by
Robert J . Behnke

Department of Fishery and Wildlife Biology 
Colorado State University 

March ,/l976 )

cv/ / > ( j i f i T O S j

l e.V~

Introduction

A cutthroat trout population discovered in 1953 in Pine CreeU on the 

eastern slopes of Mt. Wheeler, Nevada, has been a most enigmatic fish. There 

is no doubt that the Pine Creek cutthroat is a pure population, uncontaminated 

by hybridization and undoubtedly it is not native to Pine Creek which drains 

into a desiccating basin originally devoid of fish. It has been assumed 

that the original range of the Pine Creek trout is Snake Valley, Utah, part 

of the Bonneville basin. The question, which until now, has not been satis

factorily answered is: Are the distinctive characters differentiating the 

cutthroat trout in Pine Creek from other Bonneville basin cutthroats (Salmo 

clarki Utah), the result of local speciation in a single parental stock, or 

does it represent a more widespread divergence characterizing all of the native 

cutthroat trout of Snake Valley?
* Recent collections allow for a more confident answer to this question

and fully support the contention that the cutthroat trout native to Snake 

Valley is distinct from JS. c. Utah. Analysis of the data from several samples 

provides a basis to differentiate the Snake Valley cutthroat trout from

S. c. Utah and other subspecies of Salmo clarki and indicates the expected
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Previously, the only specimens I have examined from tributaries of 

Savery Creek were from the headwaters of Big Sandstone Creek and from 

tributaries to Big Sandstone Creek. I assume that pure populations from 

other tributaries of Savery Creek should be virtually identical to the 

pure populations in the Big Sandstone drainage.

Unfortunately, the distinctive spotting pattern, diagnostic of 

Little Snake drainage native trout,could not be fairly evaluated because 

of the badly faded condition of the specimens. I did not observe any 

indication of an obvious influence of rainbow trout in the spotting pattern, 

however. Table 1 compares the meristic data of the present specimens with a 

general composite of values derived from 25 specimens from 6 streams of 

the Big Sandstone drainage.

Table 1. Comparison of specimens from Dirtyman Creek and Hell Canyon Creek
with specimens of Ŝ. c. pleuriticus from the Big Sandstone drainage.

Locali ty Gill rakers Pyloric caeca

Seal es above 
1.1. and in 
lat. ser.

Basibranchial
teeth

Big Sandstone Crk. 
and Tributaries 
N=25

1
18-21
(19-20)

1
30-40
(35)

1
42-50 (46-47) 

175-205 
(185-190)

1
• 3-15 
(8-10)

Dirtyman Crk. 
N=10

17-21
(19.3)

31-38
(35)

41-50 (44.8) 
166-192 (182.1)

2 no teeth 
8 w/1-5(3.0)

Hell Canyon Crk. 
N=2

19,20 36,36 41,46 
174<£>

teeth absent 
in both 
specimens

1 typical ranges and (mean) values of 6 samples.

(?) body decomposed in one specimen and lateral series scale counts not 
possible.



-3-

Two of 10 specimens lack basibranchial teeth in the sample from 

Dirtyman Creek and the number of teeth is reduced in comparison with 

Big Sandstone specimens. Except for slightly lower scale counts, there 

is no other indication of a rainbow trout hybrid influence. Such a 

population would rank as a "B" grade (probably "B+") in the system of 

Binns (1977). The two specimens from Hell Canyon Creek both lack 

basibranchial teeth. The scale counts are lower than expected for pure 

pleuriticus, but the caeca! counts are typical. Rainbow trout typically 

have 25 to 30 scales above the lateral line and 120 to 140 scales in the 

lateral series and 50 to 60 pyloric caeca. A very slight influence 

from rainbow trout can greatly suppress basibranchial teeth. Larger 

samples would be necessary for a more authoritative opinion, but the Hell 

Canyon population would probably merit a !,C" grade S_. c. pleuriticus 

(about 75% or more native).

Hybrid gradients may occur in some streams, as discussed in my last 

Wyoming report on Little Snake drainage cutthroat trout. Obvious hybrid 

specimens may occur in a downstream area and apparently pure specimens 

are found a few miles upstream in the headwaters of some streams.

Precisely how purity can be maintained in such situations without some 

physical barrier isolating and protecting the pure populations is not 

known, but it can be assumed that where a pure population is not 

physically isolated from hybridization and no evidence of a hybrid influence 

(or very slight influence) can be detected, the environment must greatly 

favor the maintenance of the native genotype and strongly select again 

non-native genes in the population. In such situations, any change in 

the environment may favor the hybrid genes and the hybrid influence would

be stimulated.
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★  Porcelain Plate. Courtesy of Bing and Grondahl Museum, Copenhagen 

(Denmark), to benefit the United Nations Children’s Fund (UNICEF).

★  Assiette de porcelaine décorée. Reproduction autorisée par le Musée 

Bing et Grondahl, Copenhague (Danemark), au profit du Fonds des 

Nations Unies pour l’enfance (UNICEF). ★  Plato de porcelana ; cortesía 

del Museo Bing y  Grondahl, Copenhague (Dinamarca). Contribución 

al Fondo de las Naciones Unidas para la Infancia (UNICEF). ★  

«EaptfcopoBoe öjiioäo. PaôoTa jno6e3HO npeaocTaBJieHa My3eeM Eirar h 
rpeH flajit, KoneHrareH (Tlamw), JÇeTCKOMy (J)OHfl¡y OpraHH3amra 
Oô'beffHHeHHbix Hau,Hü (IOHHCEO) b ôJiaroTBopHTejiBHbix iîcjihx. ★

* Dä-
nische Weihnachtsteller • mit freundlicher Genehmigung des Bing und 

Grondahl Museums, Kopenhagen (Dänemark), zugunsten von U N ICE F, 

Kinderhilfswerk der Vereinten Nationen.
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tific Periodicals.

Major papers are those longer than l§ix pages of double-spaced (elite type),, manuscript. 
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include an abstract, on a Separate page, that recapitulates the findings in the PaPeS  It 
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the proofs are returned to the Managing Editor.- Forms for such orders will be supplied 
with the proofs.

The editors recommend the following guides for assistance in preparing manuscripts: 
Style Manual for Biological Journals (1964, American Institute of Biological Sciences, 2000

P Street, NW, Washington, D. C. 20036) .00
A Handbook for Biological Illustration by F. W. Zweifel (1961, University of Chicago 
. Tre^s; Chicago 37, Illinois) . $1.95
Webster's Third New International Dictionary (1963, G. & C. Merriam Company, Spring-

field, Massachusetts).
The editors are:

Herpetological Editor: GEORGE B. RABB, Chicago Zoological Park, Brookfield, Illinois. 
Ichthyological Editor: BRUCE B. COLLETTE, Ichthyological Laboratory, Lb/S. National

Museum, Washington, D. C. 20560.
Managing Editor: LOUIS A. KRUMHOLZ, Department of Biology, University of Louis
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û vtS

Jto *2.

fVVt>

- l u X - l  - f a J J u ,  ^ i X s f o b  çuu. l̂ j ¿ L j j d U ^  ,

-fa ^ u z f a  g ^  i;- s^
—  ÌOo -Lcr^JhJ: ^

fSfir^oS\ ¿
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y j ^ i j ^  aJUyx, Jk̂ ¿L̂  ^ j J U  uyeZX 

Cs^j^uo t*suÁ*JU¿t JUs**¿X/cJbruJU, yj^Si cQjulajo^  m ß

O ^ U ^ a J Z & U *  ^t^asx ÿvJr S l c J U  t u *

^ r J i  . £ > m x  U&¿w^ j 2 b ,  V t r ^  - k j 2 e ^ v J U U

j ^ e X u  -cüc^i U^J) w  ^ c ^ ß  . JU^-
*Yi i ¡ K  j£ > ^

)S^ (X̂ jZ¿̂ /Zs*> /̂SAs*s^$ ¿¿AJL

S (kJKsOU/3 ir-Ä-̂ -<̂yvj2<>̂^̂ UjßJuQ**x hĵ Jk
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September 19 , 1968

C U TT H R O A T CH APTER TO B Colorado Trout Unlimited Members

.FROM: V apt

SUBJECT : What.1 s Going On

It F1  been a & u s y  year to date -with much, accomplished and much/ 
much more to be done . Membership is up and new Chapter formation 
is on schedule with a total of assured by the end of the year, 
up froji the *1 we had. Our goalHis 1/500 members and 15 Ihapters 
ran Colorado by/the end of calendar year 1970/

The Cutthroat Chapter R n q u f  t ii May was a great success and did 
mupffl to establish Colorado in the forefront of National Trout 
Unlimited activity. This is to become an annual affair of one 
of the Chapters, e a S  year.

The Western Regional Trout Unlimited meeting will be hosted by 
Colorado om, September 27 th and 28th of this year. There will be 
excellent speakers and seminars and all of you should plan to 
attend. Mark the dinner on Friday night at the Old Navarre in 
Denver on your lis|‘. Joseph G. Moore ; the Commissioner of the 
Federal Water Pollutions C ontrol Administration, wil]fg be the major 
speaker. Mr. Moore w l l  explain the benefits that can be derived 
here in Colorado from the new water quality control l a w s . Let's 
take advantage of the opportunity .to learn what can be done. 
Various seminars and workshops will .be held Saturday morning/'

Projects in the works include a stream protection law similar to 
M o n t a n a , the opening of Cheesman Reservoir to the public, partial 
salvation of the North Fork of the South Platte from the ravages 
of the Denver Water Board, pollution abatement on the South 'Platte 
in Denver, establishment of additional quality waters /.including 
the " Frying Pan and - membership, membership, membership!/

See the Western R e g i o n a l .

R. P Gytenbeek
Chai
Colo ouncil of Trout Unlimited
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FORTY-YEAR STATUS REVIEW

When I began my study of western trout in 1957, the cutthroat trout was 

generally considered as more of a rare curiosity than an important species of fisheries 

management. According to the concept of utilitarian values of nature of good, bad, 

and indifferent species, in relation to their direct human benefits, the cutthroat trout 

was not ranked high. Federal and state fisheries programs ranged from benign 

neglect to outright extermination in relation to cutthroat trout. Their replacement by 

rainbow, brown, and brook trout was perceived by many to be a good thing. Three 

subspecies (henshawi. stomias. and Utah) were believed to be extinct in 1957 and 

have since been "resuscitated." Another, unrecognized subspecies (Alvord cutthroat) 

has become extinct (while awaiting "genetic characterization"). The coastal cutthroat 

has considerably declined over the past 40 years because of their dependence on the

<<•**

smallest first and second order streams and impact on such steams by logging. 

Yellowstone Lake has long been known as the stronghold of inland cutthroat. 

Formerly, Yellowstone was managed for maximum sustained yield under the utilitarian 

view of natural resource exploitation. Protection of various subspecies of western 

trout under the Endangered Species Act has had mixed results. Undoubtedly, the 

greenback cutthroat (stomias) has greatly benefitted, but for most others, legal action 

has been necessary to enforce provisions of the ESA. Particularly in respect to 

livestock impacts, the problem is similar to fighting many brush fires. Hopefully, more 

rapid progress for protection and enhancement can be made with conservation 

agreements, as is currently done in Utah, rather than ESA listing.

Robert J. Behnke
Professor of Fishery Biology
Department of Fishery and Wildlife Biology
Colorado State University
Fort Collins, CO 80523-1474

(* jliO.'V ■ pii«1«- a Cortte** t
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1st ANNUAL MEETING OF THE GOLO-WYO, CHAPTER OF THE 
AMERICAN FISHERIES SOCIETY

APRIL 1, 1966

Room 208 Student Center, Colorado State University, Fert Collins, Colorado

MEETING THEME: The Cutthroat Trout in Colorado and Wyoming.

8:30 - 9:00 AM Discussion of Purposes of the Colo-Wyo Chapter - Harold Hagen
«

9:00 - 10:10 AM Business Meeting 

10:10 - 10:30AM Coffee Break > i*

10:30 - 11:00 AM Taxonomy of the Colorado Greenback and the Gila trouts -Bob Vincent

11*00 - 11:30 AM Taxonomy of the Colorado River Cutthroat Trout and its relation to 
the Snake River and Yellbwstone Cutthroat trouts - George Baxter

L1NCH. The Chapter is invited to join the Society of the Sigma Xi 
Friday luncheon. Luncheon speaker: Harold Hagen,
Title: Zoogeography and evolutionary adaptation of various races 

of cutthroat trout in Colorado and Wyoming.

Cutthroat Trout Culture, procedures used for brood stock, spawning, 
hatching and swimming up fry - Earl Wilde *—

’•St ~̂ > 0.n^c. . _ ¿ ¡ ¿ ¿ ¡ ¡ * 3 R, «Kh W t
Cutthroat Trout Culture, procedures used in fingerling and catch- 
able trout rearing - Tom French

2:30 PM Cutthroat Trout Management in Yellowstone Park - Phil Sharpe

A preliminary report on the biology of the cutthroat trout in the 
Snake River, Wyoming - Pete Hayden r

11:30 - 1:00 PM

1:00 - 1:30 PM

1:30 - 2:00 PM

2:00 - 2:30 PM

2:30 - 3:00 PM

3:00 - 3:20 PM

3:20 - 3:50 PM

3:50 - 4:40 PM
tT" *

4:4® - 5:10 PM

5:10 - 5:40 PM

5 :40 - 6:00 PM

f  â \ &*** tv*** * CM&fir

beaver ponds of Wyoming - Dick Lakey

Discussion Moderator - Fred Eiserman
M- \J(fXkäAX — J k w ” ^  ÜJ'
Tne Salt ana Snake Rivers’- Max Rollefson 
The Green River - Bob Jackson 
The Wind River - Chuck Vicx
The Shoshone and Clark’s Fork Rivers - Lou Pachacek 
Lahonton cutthroat trout in Wyoming - Jack Kanaly

4:4® - 5:10 PM Cutthroat Trout Management and research in Colorado - Wes Nelson

Dick Klein

J t ^

n .

#
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laboratory techniques involved in slime 
on slime molds.

mine the presence of Salmonella in water 
quired isolation and identification of 
waste products from an industrial waste!

ent of Bacteriology, 1970-1972
of fish for determination of their micro- 
ciate the flora with the fishfs resident 
d testing coho salmon for their microbial

n County Campus, 1966-1969
General laboratory procedures including 

with testing agricultural well water for 
n and nitrogen compounds and testing 
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y \ A ¿ ¿ j

i 7/Mr t>P '  w ^ i

C l sJUrdU^  )

ÿ/u^a . rvJcuiA c â ^ A  * 

p  ÍLC<J2Iâ
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OUTLIHB FOR M l  CLASS IFICATIOM Of WESTERN TROUTS

Robert j. Behnke

tto ive rs ity  o f C a lifo rn ia , Berkeley

More then 35 specific or subspeelfic tun*« beve been applied 

to tbe native trinità of the gent» Balio of weetern North Anerica« 1 

recognise two major evolutionary divergences; the cutthroat series 

and the rainbow series* the golden trout Caspian is a third evolutionary 

line that suggests its origin from a primitive cut throat•rainbow 

intermediate form or from early cutthroat-rainbow hybridisation in the 

loner Colorado Bluer area, the limits of species mad subspecies are 

difficult to assess because reproductive isolation between the 

evolutionary lines is slight. No single definitimi of a species or 

subspecies is adeguate to handle the classification of our western 

trouts. For the interior cutthroat trout, 1 recognise subspecies if 

all of the native populations within a drainage basin, or a geographical 

area, share a compier of characters idtich differentiate these populations 

from other cutthroat populations outside the basin. If the variability 

is as great among population within a basin as It is between inter- 

basin populations, then all such inter-basin populations are considered 

as the same subspecies.

On this basis, X consider the Yellowstone, the Colorado 

Elver, the Rio grande, and the Bonneville basin cutthroat trout all



•* the subspecies, Saino elarkit levisi. The native cutthroat of the 

Arkansas and platt« drainages may be recognised as the subspecies 

1* £• atóalas.



TAXONOMY AND SELECTED LIFE HISTORY OF THE CUTTHROAT TROUT 

(Salmo dark! Richardson) OF THE SOUTH PLATTE DRAINAGE, COLORADO

Taxonomy and selected life history of fifty cutthroat trout (Salmo 

clarki Richardson) from four high-altitude tributary streams of the 

South Platte drainage, Colorado were studied. Study areas were select

ed to determine the existence of fish that represent the native green

back cutthroat trout (S. c. stomias Cope).

The life history study indicated that the cutthroat trout in the 

South Platte drainage are either isolated from other trout or in asso

ciation with brook trout (Salvelinus fontinalis Mitchill). Age groups 

represented were from years I through V.

Mozphological measurements were of little value in separating cut

throat trout into subspecies. Counts of scales above lateral line,
%

scales in lateral line, scales two rows above lateral line, hyoid 

teeth, and spotting distribution provided the best information. On 

the basis of anatomical counts, cutthroat trout from Blackhollow Creek, 

Larimer County, Colorado seem to represent the greenback cutthroat 

trout. Scale counts of k2 above the lateral line,13d in the lateral 

line, 19̂  two rows above the lateral line, and a hyoid teeth count of 

7 characterized this population.

William H. Dieffenbach
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-  LoVsÄ U5> Ĵ p-©Ofc*-9 " <Ti
~ 3 ^ /u u . ■ «̂  ¿Hû  7  ?
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Ĉj hjŝy Ce-y^^dßls-0 yj L̂ s*-**j& *"*
a ^J^ ju C C ô^  ^tA^tyC^f *À& &-*Cbr&sÿz> . ,!<>".

SVW~r\sO

*lê^u  J jü C J l +- ^  p â ^  s  /& í~~o

/^/Cc ä^v^i*yd~ rr^trCjU^'^^ j? Ay<^e^c^J *-f

tíU' yK&iAS • /C"V¿ ^éCe ^ ^ Z ^ caCÁ^ . ¿X ¿£ i~A-f2-e~d ¿ ^ ^ xaJ^ j

d o  * S Q - £ & ~ \ / g * b r * J U  A\a Ĉ J
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Orthodox taxonomic methods are used in this paper in preference to 

numerical taxonomy since many of the forms discussed here are, even now, 

poorly known and their characters have been studied but little. For this reason, 

we believe with Michener (1963, p .159) that orthodox taxonomy should precede 

numerical taxonomy, "until most of the species involved....are recognized".

Lack of time in which to apply numerical methods was a further factor involved but 

ultimately, of course, the phenetifc affinities of the species discussed should 

be studied by machine analysis.
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"2. t |b».l / » - 2 ^

— Ö|u *0Ö\a* (lS"(>M - '4<M'V'‘

YiaaJc& iac CaJL£4* ysüLoMrÿ’

— ‘iu

T\ AAUUL/VvA-A ÔV^VUU «~/ 6
* »v^i '„ j’f c ^ Y ^ I U  v « » ^ .  -  L'>-<“ îv— -Jl U

D ^ i J ô W J ^ ^  - ^  a T J a ^ u  ~ b T ‘

f t J S b W  , *w<¡ W - 1 V 1 A
( ^  r^JUAUX



^JLbTìSL-
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$2-65 (63.5). In 1532 with warmerwater, the vertebrae number increased 

to 63-67 (66.5). This is the highest mean value yet reported in the 

literature for any Salmo. MottIcy (op.cit.) listed a count of 63-66 

(66.6) for 2$ Kamloops from Cottonwood Lake. This is the identical 

range and mean reported by Needham and Sard (1553) for rainbows from 

the Rio Tabecatiado in Mexico and the highest reported for any Salmo 

from a natural environment.

Canadian Rainbows —  Origin and distribution: Rainbows are the 

dominant trout of the Fraser River system. The coastal cutthroat occurs 

only sporadically in the tributaries of the lower Fraser (Bymond, 1932).

The cutthroat descried by Bymond (1931) as Salmo clarkl i aloastrls from 

tributaries of the Fraser and upper Columbia Is of the Intertor lewis! type. 

The distribution of this cutthroat in the Fraser tributaries Is most 

plausibly explained by headwater stream transfers from the upper Columbia 

tributaries. Mottley (1936a) and Lindsey (1956) pointed out that large 

areas of the Kamloops trout range were Inundated by large bodies of water 

during the Pleistocene. Both the rainbow and cutthroat probably were present 

at that time. The disappearance of cutthroats from the upper Fraser may be 

explained by a gradual hybridization and assimilation Into a rainbow popu

lation which was better adapted to the changing conditions. Perhaps the 

higher scale counts and the tendency toward 9 pelvic rays may be attributed 

to such early Intregression of cutthroats Into the rainbow gene pool.

Mackenzie River System: Rainbows were known to be native to the Atha

basca River system of the Mackenzie drainage in Alberta. The only taxonomic 

work to appear on these trout to date seems to be misleading. Rajkov (1927) 

reported two types of rainbows from the Athabasca system in Jasper National
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Samples from each lot of eggs should be taken for chromosome studies, using 

the following procedure:

1. Fertilize a sub-sample of approximately 2 oz. of eggs from each 

fenale, keeping the eggs from each fish separate.

2. Incubate separately in cheesecloth bags and after 32 temperature 

units have been accumulated, place the eggs in a fixative 

(fixative: 1 part glacial acetic acid, 3 parts 95$ alcohol).

3. The developed eggs from each female should be preserved in a 

4 oz. bottle to which the fixative is added to cover the eggs 

after placing the living eggs in the bottle.

urn.
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Webster, D. W. and W. A. Flick. Species management. Pages 40-47 in

wf King (ed.). Wild trout management proceedings, Trout Unlimited.
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college: of f o r e s t r y | NATURAL r e s o u r c e s 
li ICR 0 - C O M P UT E R LAB 

NEWSLETTER 
April 9 j, 1986

LOTUS II - This seminar will, pick up where the last LOTUS 
seminar left off « Participants should have some prior esperi eh ce 
with LOTUS including starting up and entering data« This seminar 
will take a hands-on approach- Topics to be covered includes 

—  Basic Operai:ions 
If m F o r m u 1 a s & G r a p h i c s

Time: 12:00 p 
Date: Wed., April 16

SOFTWARE & HARDWARE NEWS:
The lab ha^ acquired a video projector (Electrohome) 

capable of projecting directly from a computer onto a larcje 
screen« is available for general class use in the
lab« Come on in and take a look«

AutoCAD has arrived and is now operational« This Drafting 
and Graphics program is ¿available for use on the PC-* 8 s « AutoCAD 
can be used for preparing graphs of any sort» Other drafting 
capahiliti es i nelude:

-. Interi or desi gn and faci 1i ty pi anni ng
--Arch itectural drawlngs
— L Work-flow charts & organicational ■ drawings 
— PIots & .other representations of mathematic If scientific 

functions
— Drawings for electronic, chemical9 civil? and mechanical 

engineeri ng app1i cati ons «

CURRENT HOURS:
A schedule of class periods is posted on bulletin boards 

located outside RM 107A and in the atrium outside the lab« Below 
are the hours the lab is currently open for use»

Monday 
Tues» 
Wed « 
Thurs« 
Fri . 
Sat» 
Sun »

— SCHEDULE—
8:00 a - 8:00
8:00 a - 8:00
8:00 a - 8:00
8:00 a <  8:00 
8:00 a - 5:00
— ---- CLOSED---
4:00 p - 10:00

P
P
P
P
P
P
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Gldroblologlcheskly Zhurnal, 1970, No. 3 : 23-28

CONTENT AND DYNAMICS OP ORGANIC MATTER IN THE VORONEZH RIVER

I. M. Rozinoyer, A. P. Sapryklna, S. M. Poroyskaya, and 
L. I. Bakina, Voronezh Institute of Technology

Abstract

| 1* Volatile fatty acids and reducing sugars are predominant

among the organic substances Investigated in the Voronezh River.

t were established
2. The following seasonal changes') m  the organic matter 

content of Voronezh River water: mglmmmmBmm (i) amino acids - 

from 9*0 to ^.16 JJ.g/liter (maximum in the summer and fall, 

minimum during the flood period); volatile fatty acids - from 

6.2 to 3^.2 meq/liter (maximum during the summer-fall low-water 

period, minimum in the winter), mostly acetic acid, somewhat 

less butyric acid (almost no propionic acid); humic acids - 

from 1.9 jWg C/liter (during the winter low-water period) to 

51.9 C/liter (during the spring flood). The amount of 

reducing aiK sugars scarcely changed (a slight decrease in the 

winter).

3» The indices of permanganate oxidizability and organic

carbon vary from marker to marker. Their concentration increases
i

downstream owing to pollution by household and industrial effluents.



Gldroblologlcheskly Zhurnal. 1970, No. 3 : 37-43

PRIMARY PRODUCTION OP PHYT0PIANKT0N AND ROLE OF BACTERIA
IN THE DESTRUCTION OP ORGANIC MATTER IN LAKE VYALOZERO

(KOLA PENINSULA)

V. G. Drabkova and G. I. Letanskaya, Laboratory of 
Lake Science, Leningrad State University

Abstract
^the 0 to 6 cm layer ofj

1. The primary production of phytoplankton in/Lake 

Vyalozero during the period under study ranged at the different

stations from 1.0 to I . 3 6 g 0/m (recalculated for the entire

2. The bacterial population the water ranged from 

3 5 0 * 0 0 0 to 850,000 kl/ml and was distributed fairly uniformly 

over the expanse of the lake. The most polluted region «Ah M »

3. There is a relationship between the amount of bacterial

biomass destroyed and produced. The difference represents the

actual number of bacteria that take part in oxidizing the organic

matter. In the southern part of the lake where the destruction

is most intense, the production of the microbial biomass is

3
greatest - about 60 mg C/m ,

2

lake - 35 metric.tons/24 hours). The daily

average.

is the Udogub cove which affects the adjacent jbhM m ««*.



- 2-

¿+. The amount of organic matter destroyed, as calculated 

from the production of the bacterial biomass, is similar to that 

in dark bottles (50 and 55 metric tons C/2^ hours for the entire 

lake).

f:» The^lfeiBÎp^cLeposits of the lake absorb a substantial

2
amount of oxygen (0.5 to 1.5 g 0/m / hours). They oxidize 

approximately of the total amount of organic matter oxidized 

in the lake.

6. About k0% of the organic matter in the lake is of

autochthonous origin.
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Q -/ i ß  iù È jLÀJ.. Gl Â̂SüXOdux¿UessS.____ ^ I k ^ & i X ^ a S Á - .-------- i  ?, 7?.—-— —

sí*. _ -Lí&aiZui, tsxxáacA;*sjéiÁ X$¡££±Í£&A— .. - ........
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i is # ! 1 ■  ii 2-îo -7/̂  ̂



4^ J h d t fy s  ~  R „ £{jfV \ b*

^ ^  Ondl/1 , J ^ ^ l S  ê ....1J9 J üZ"^ ? ..j.. ^ y V v t^ - Ê ,^ ....** ---------------------------------------  ---- ^
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D >íf V V *¿U¿) -t;Hy ■ ■
1 I“t ̂ '

fcj . ")A* U- •-^Cif, S ©  W. 4T? _

Wnvl u “ . ,kk 1 ^  2 / - iwy Uc«t 19

^ - s\4  Ci ^.v c JlAÎW^-

-y3^ j- - iwjt) c  3/ j» î , uv

&p\s\ ^iU_5_n--- M

3̂  ‘ pov(4. —  pavjâï ~

^ '̂Kt-̂ c»frcA f,R. ¿oli 2. N 4 Jj -
' S

i'Ki WU e - k|p|#i'in: Ai(?A v^>/ " —  M.U'M Alili t y b '

'̂■/ " W  ¿jwn&y*} ío>hx^\ - yò;<rrv,tyen -

p s j t v , ,  p * ) * . -  ip ia  « •
fk sjç ^ ~ ÎyjW1̂ J>4 J ^ \jWĈ  c£*̂ ÿÆ ^
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£>/e\T2ivic<e $ ? —  $ Kô «m ^ ~ ^

Av*"

1 -2_ — 2-e1̂ ¿xftw
 ̂ — \rcJU9 Ucii c4^
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BIG THOMPSON RIVER 
HISTORICAL FISH SAMPLING INFORMATION 

STANDARD REGULATION LOCATIONS

CHUCK’S PLACE STATION
YEAR SPECIES/BIOMASS % COMPOSITION AVERAGE 

LENGTH (CM)
NUMBER 
OVER 12”

1989 RBT = 184 TOTAL 70 20.3 2
LOC = 30 214 9 19.2 2

1991 RBT = 226 TOTAL 74 21.1 2
LOC = 63 289 16 23.4 7

1995 RBT =184 TOTAL 76 21.2 5
LOC = 68 252 18 25.0 11

1997 RBT =181 TOTAL 74 21.3 8
LOC = 107 289 13 24.5 10

1998 RBT = 361 TOTAL 83 19.6 16
LOC = 70 431 12 24.9 14

1999 RBT = 298 TOTAL 82 22.4 18
LOC = 70 368 16 23.7 8

NEW HABITAT IMPROVEMENT SITE BELOW DAM

YEAR SPECIES/BIOMASS % COMPOSITION AVERAGE 
LENGTH (CM)

NUMBER 
OVER 12”

1993 RBT = 65 TOTAL 60 17.5 4
(BEFORE LOC = 31 96 18 17.5 3
PROJECT) HAT = 36* +36 

= 132
13 26.6 4

1995 RBT = 37 TOTAL 47 18.7 4
(BEFORE L O C -44 81 17 17.5 1
PROJECT) SRN* = 10 +10 

= 91
27 26.8 0

1996 RBT = 120 TOTAL 62 21.2 26
(BEFORE
PROJECT)

LOC = 54 174 29 24.2 14

1998 ( AFTER RBT =177 TOTAL 64 21.8 9
PROJECT) LOC = 78 255 33 18.2 16

1999 (AFTER RBT =105 TOTAL 54 20.6 19
PROJECT) LOC = 78 184 78 22.2 13



STANDARD REGULATION LOCATIONS 

“OLD” HABITAT IMPROVEMENT SITE BELOW DAM

YEAR SPECIES/BIOMASS % COMPOSITION AVERAGE NUMBER
LENGTH (CM) OVER 12”

1993 RBT = 69 TOTAL 64 19.1 3
(BEFORE LOC = 33 102 21 23.4 1
PROJECT) HAT = 23* +23 9 29.0 3

= 125
1995 (AFTER RBT = 96 TOTAL 42 19.9 5

PROJECT) LOC = 145 241 48 20.5 9
SRN=58* +58 5 25.0

= 299
1996 RBT =147 TOTAL 53 17.2 n

(AFTER LOC = 168 315 34 22.9 19
PROJECT)

1997(AFTER RBT = 70 TOTAL 56 13.8 0
PROJECT) LOC = 96 166 36 23.9 7

1998 (AFTER RBT = 71 TOTAL 47 17.6 6
PROJECT) LOC = 80 151 50 19.8 18

WALTONIA
YEAR SPECIES/BIOMASS % COMPOSITION AVERAGE NUMBER

LENGTH (CM) OVER 12”
1997 RBT =182 TOTAL 72 17.7 3

LOC = 40 222 9 23.5 1

1998 RBT = 354 TOTAL 81 16.6 1
LOC = 84 438 10 22.3 6

1999 RBT =153 TOTAL 84 17.3 0
LOC = 45 198 13 20.9 2

SINGLE SAMPLED STATIONS IN STANDARD REGULATION AREAS

BELOW DDLEWYLD DAM - 1992
YEAR SPECIES/BIOMASS %COMPOSITION AVERAGE NUMBER

LENGTH (CM) OVER 12”
1992 RBT = 86 TOTAL 22 24.6 1

LOC = 77 163 35 19.8 0
TURNOUT ABOVE ]INDIAN VILLAGE - 1992

1992 RBT = 57 TOTAL 10 23.8 2
LOC = 148 205 45 18.5 3

.25 MILE UPSTREAM FROM POWER PLANT AT CANYON MOUTH
1992 RBT = 25 TOTAL 15 22.6 0

LOC = 69 94 68 18.0 1
RTVERVIEW CAMPGROUND

1992 RBT = 69* TOTAL 22 22.4 10
LOC = 123* 192 38 22.7 11

•  “  INCLUDES FISH WHICH PROBABLY ESCAPED FROM THE FISH K ILL ZON E A  MILE UPSTREAM



BIG THOMPSON RIVER HISTORICAL SAMPLING INFORMATION 
______________ SPECIAL REGULATION LOCATIONS

HANDICAP RAMP
YEAR SPEŒS/BIOMASS “/«COMPOSITION AVERAGE NUMBER

LENGTH (CM) OVER 12’
1989 RBT = 90 TOTAL 36 18.9 1

LOC = 73 163 60 21.2 5
1991 RBT =118 TOTAL 53 21.0 1

LOC = 77 185 41 22.0 6
1997 RBT =123 TOTAL 54 20.6 2

LOC =132 255 37 24.6 7
1998 RBT =106 TOTAL 64 18.3 2

LOC = 75 181 31 23.1 3
1999 RBT = 89 TOTAL 57 21.3 1

LOC = 76 165 39 24.1 8
GRANDPA’S (POOR SAMPLING EFFICIENCY)

1989 RBT =116 TOTAL 78 17.7 0
LOC = 29 145 17 18.7 0

1991 RBT =156 TOTAL 73 19.0 0
LOC = 59 215 25 19.7 2

1993 RBT = 95 TOTAL 76 18,0 0
LOC = 53 148 23 23.1 3

1995 RBT =106 TOTAL 78 20.5 0
LOC = 27 133 15 24.0 2

1997 RBT =101 TOTAL 79 19.9 5
LOC = 37 138 15 24.7 4

TWIN PINES
1989 RBT =136 TOTAL 72 19.7 2

LOC = 54 190 25 20.6 0
1991 RBT =140 TOTAL 61 20.9 1

LOC = 72 212 34 20.3 1
1995 RBT =169 TOTAL 61 22.8 2

LOC = 100 269 37 22.5 4
1997 RBT =115 TOTAL 66 22.4 8

LOC = 61 176 33 24.2 1
1999 RBT =162 TOTAL 70 21.2 15

.... LOC = 128 290 28 23.5 5
SINGLE STATION SITES IN CATCH AND RELEASE SITUATIONS

SYLVAN DALE RANCH
YEAR SPECIES/BIOMASS % COMPOSITION AVERAGE NUMBER

LENGTH (CM) OVER 12”
1997 RBT = 94 TOTAL 24 25.4 21

LOC = 62 156 43 26.8 33
1998 RBT = 55 TOTAL 34 26.3 17

LOC = 71 126 54 26.3 27
CROCKER RANCH

1993 RBT =159 TOTAL 73 22.3 24
LOC = 40 199 14 24.0 10

PRIVATE, CATCH AND RELEASE CEDAR COVE
1991 RBT =115 TOTAL 59 18.8 2

LOC = 42 157 22 19.5 3
1995 RBT = 22 TOTAL 9 30.6 . 7

LOC = 67 89 50 24.5 9



OBSERVATIONS AND INTERPRETATIONS

NO CLEAR DOWNWARD TRENDS IN EITHER STANDARD OR SPECIAL 
REGULATION AREAS. . . .  WE ARE ACTUALLY IN BETTER SHAPE THAN 
EARLY 90S
1 NO WHIRLING DISEASE EFFECTS ON A POPULATION SCALE
2 NO “CLASSIC” RESPONSE TO CATCH AND RELEASE REGULATIONS, I.E. RAINBOW 

NUMBERS ARE NOT DRAMATICALLY HIGHER THAN BROWN TROUT NUMBERS IN 
COMPARISON BETWEEN AREAS, AND BIOMASS IS NOT GREATER, IT ACTUALLY 
AVERAGES 20% LESS.

3 BIOMASS TRENDS: SPECIAL REG SITES SHOWED 3 UNCHANGED, 1 SIGNIFICANTLY UP, 
1 MILDLY DOWN. STANDARD REG SITES SHOWED 3 UNCHANGED AND 2 SIGNIFICANTLY 
UP

BIG T DOESN’T GROW BIG FISH VERY OFTEN REGARDLESS OF 
REGULATION STRATEGY, FISH OVER 12” STD = 7.6 RBT AND 7.7 LOC PER 
SITE, SPECIAL REG SECTIONS = 5.4 RBT AND 6.7 LOC PER SITE

AVERAGED BIOMASS (KG/HA) SAMPLING SITES OVER THE YEARS
YEAR AVERAGE AT STANDARD REG SITES AVERAGE AT SPECIAL REG SITES

1989 214 1 SITE 166 3 SITES
1991 289 1 SITE 189 3 SITES
1992 163 4 SITES — B
1993 111 2 SITES 174 2 SITES
1995 214 2 SITES 133 2 SITES
19% 245 2 SITES — «
1997 226 2 SITES 174 5 SITES
1998 319 4 SITES 152 2 SITES
1999 250 3 SITES 228 2 SUES

TOTAL 197 21 SITES 156 19 SITES

CREEL CENSUS SHOWED CATCH RATE DROPPED FROM 1992 TO 1997, DWM CONTACTS 
SHOWED CATCH RATE DROPPED BY 50 %  AFTER STOCKING CEASED, HAS REMAINED THE 
SAME SINCE
USE IN STANDARD REGULATION FORMERLY STOCKED AREA HAS DROPPED 42% USE IN 
SPECIAL REGULATION AREA HAS INCREASED 31%



io

I cannot indicate at this time whether there has been a fusion or frag
mentation of chromosomes in the case of these two species. It would 
be of value to examine the karyotypes of the four western North Ameri
can species of Prosopium to determine whether the direction of these 
translocations involved fusion or fragmentation in the group’s evolution, 
hi general, a reduction in diploid number by fusion of acrocentrics 
(White, 1954) in the more recent forms would be expected.

Table 6. Diploid numbers and chromosome morphology of 
Great Lakes coregonines

Species 2N Metacentric Submeta-
centric

Acrocentric Arm no

C. clupeaformis 80 20 8 52 108
C. artedii 80 16 10 54 106
C. reighardi 80 12 12 56 104
C. zenithicus 80 10 8 62 98
C. hoyi 80 10 8 62 98
P. coulter! 82 10 8 64 100
P. cylindraceum 78 12 10 56 100
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M. ___________________

You were called

By M. .________________

Return the call to____
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...',(̂ y ^  '.. S,^-^SLaíxa Ŝ \j^ ^ ^  'A íJH__L C . C . L .jjS¡j¡ 3 7 £  |- e ..w t

___!_■  <3~-—■-if./. ~ ¿ . .2»: 3L¡j_9L¿>l_ -L ____________síf CB̂ !ĵ ÆCA/ŝ 9iuCL̂  '    ___...
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£_______- 6 Q  >______

) X

__-,.j¡ ;|^^*vyv c ( K d ¡ & ~ ^  ■ : _ß  ., tXjl^L__ ~̂-<Ä l<
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BEHNKE, R. J., Colorado State University, Fort Collins, CO 80523.
Quantitative and Qualitative Aspects of Assessing Biodiversity.

Limitations of quantitative methods of genetic analysis denoting indices of 
heterozyogisity, percent polymorphism, within and among variation, genetic 
similarity, etc. include the tiny amount of the genome sampled and the general 
lack of association of determined genetic parameters with adaptive life 
history traits such as degree of migratory behavior, predator avoidance 
response, feeding specializations, interspecific competitive interactions, age 
at sexual maturity, maximum size and life span, etc. Examples of diversity 
within subspecies of cutthroat trout are used to illustrate the need for both 
quantitative and qualitative methods ^orin-depth analysis of biodiversity and 
to demonstrate that highly significant differences in life history traits, not 
amenable to quantitative genetic analysis, can evolve in relatively short 
periods of time under strong selective pressures.



4- «. / >  I
/Jh ^  M **> - y % -

/̂ j^fß^_ o f  ~fék <

U nited States 
D epartment 
of  the Interior

B ureau of Land Management

<̂ j  / p L J s i

A f H
ß j ~  ^  ¡ ¡ I  

- ‘M Ê  # ~ J  h 1

7 ( & /UJZ-&JL u

Allan E. Thomas
F ish and W ildlife. B iologist

æ Æ ^ .  7 - ,
Idaho State O ffice 

3380 Americana T errace 

B oise, Idaho 83706

F ivjCom (208) 384-3066 
Fax (208) 384-3290 
Res (208) 376-5939



m  I ) T w r |f>

7 9  £ * * ’ ^  -

3 R  | r *  ^  irk//-^

f e ' P l l i  C ^ Í Í  f l  « 7 - r s  P M P J ^ ^ , » $ i ' â ;
p^-Hernj- o-f- oW/yiWe<»v»l v't' ^ ' ^  T

J-,1 y,-g 1 - n-̂ j/
f(VcR) V' » r  '• »t'» 111 »' p  c, Ÿ&- — ■"

P)<?/fe } /<-/>. ; M b !> W  f\ . $, PjMìl  ̂  X. J^92->

g f g l l g ¡ | é é §  ►

wfc fort, I (33' i2-?'2-3«. C< lA-j-, - I ■Tacervi. T l a É p K S p B K i ^ 1
i_____ ! Ä i i  n  .’

I

I w  H
jf)'ph?tf Ì

>\\yr&ae'

pb. 1

[ j

r^VpVA ; ,
G>rCi^c. Ä ’ * 0  ^  £: vJT^A-T - N

W»*/ rw  3ÍW)* t>Pv»v̂ n  —  d-'vV>w

PV)» i K ^  , 0  ./ ^  M*fò, (br#c*~n . 1 ^ 9 ^ »

-S OaÊ^vT^irv^ L̂-<5r7Vn P A / A *
•yuMtX/Vî G-T'rt A ^ - t ^ . c ¿T ^ A S IsJ'53.



continues and m  the next 4-5 year|j a reduction will occur for 

females, and tor males age, size, and weight will he stabilized, 

2, -Absolute numbers of the spawning part of the beluga 

population has been halved.

3 , The nu mber of female b e lug a c o m i n g t o s pawn in the V o.l g a 

at present is stabilized, for males a gradual increase is 

recorded. In the next 5-6 years there will not be a sharp 

increase in catches and they will not exceed 

tons;,
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FOREWORD

A  well managed pond offers more 
than recreation or direct profit. 
Birds, attracted by the water and 
vegetation, destroy many insects. 
Cool, clear water, piped through pond 
dams to tanks below, is more relished 
by livestock than the warm, stagnant 
water found in the shallows of un
improved ponds. Also, every pond 
built in a gully or an eroding area 
is an important part of the flood- 
control and soil-saving program of 
the entire state. A  well built, well 
protected pond of good size can be 
made of more value than any other 
crop area of the same size on the 
same farm.

Fish, waterfowl, minnows, game 
birds, song birds and useful wild ani
mals all thrive in and around a well 
managed pond. Some of these ma y  
be used privately or harvested and 
sold; or the pond m a y  be rented to 
sportsmen at a reasonable price. *

Also, by affording opportunities 
for fishing, swimming, boating, and 
skating, the larger ponds and lakes 
are helping to solve the community 
recreation problem.

*Consult' current wildlife regulations 
for information on legal methods and re
quirements*



Improve Ponds and Watersheds 
-Save Soil and Wildlife

Werner 0 . Nagel and Marion Clark*

Fig. 1.—Fertilizing the pond increases fish production and helps keep 
down aquatic growth. Protected pond banks stop erosión and help keep 
the water clear.

In this circular are plans for im- 
I proving the rougher areas of your 
farm. It can be done by the con
struction and protection of ponds, 
| [either alone or in connection with 
, woodlands or permanent pasture. 
It will also be explained how existing 
ponds, now used only to water live
stock, can by improvement and pro

jection be made to produce valuable 
I wildlife crops. Finally, the best 
■methods of prolonging the usefulness 
§of the pond will be discussed.

Size and Depth of Ponds.— To be 
most useful, a pond sfiould be at 
least one-fourth of an acre in size, 
and it should average at least 6 feet 
in depth in the deepest quarter of the 
pond. A n  average depth of 6 feet 
over so large an area means that 
there will be some places much deep
er than that. Larger ponds should 
be deeper, but should not average 
more than 15 feet deep in the deepest 
quarter unless the water supply is 
large enough to insure complete and

i Mr. Nagel is administrative assistant in the Game Section of the Missouri State 
Conservation Commission. Mr. Clark is extension agricultural engineer with the 
University of Missouri College of Agriculture.
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frequent replacement of the im
pounded water.

If the watershed is too small for 
the size of the pond, the water level 
will be lowered too much during dry 
periods. If the watershed is too 
large, every hard rain will bring a 
flood that will eventually damage 
the dam and spillway, and that will 
sweep plant and animal life from 
the pond basin. It is better, how
ever, to have the watershed too large 
than too small, since excess water 
can be controlled by a well con-) 
structed dam and spillway and by 
diversion ditches, as explained in 
Missouri Agricultural Extension 
Service Circular 482, “ Farm Ponds 
in Missouri.”

Protect Pond and Watershed.—  
The first steps in watershed protec
tion are to keep the land free from 
cultivation, fires, and severe grazing, 
as these are fundamental erosion 
control measures. If it is not pos
sible to keep the entire watershed 
ungrazed, at least the banks, ditches, 
dam, spillway, and cover within 100 
feet of the waterline should be kept 
free from stock. If the pond is 
large enough to provide drinking 
water for livestock without lowering 
the level too much this should be 
done by piping the water through 
the dam to a tank below. The tank 
should be at least 20 feet from the 
dam and separated from it by a 
fence.

Improve the Watershed.— The real 
values in watershed improvement are 
those resulting from erosion control. 
The use of plants that check erosion 
and rebuild the soil, while constitut

ing at the same time profitable tim
ber crops and emergency pasture, 
is in itself a good agricultural prac
tice. That such plantings also make 
it possible to convert a poor pond into 
a good wildlife habitat simply adds 
to the benefits that can be obtained.

It is important that the watershed 
should contain no areas of bare earth 
above the water-line. Such areas 
m a y  be planted or developed as un
grazed woodlots, or covered with a 
thick sod by seeding with a mixture 
of blue-grass, red top, orchard grass, 
and Korean lespedeza. The grass 
should be sown in fall, the lespedeza 
the following spring. On large water
sheds it is possible to have both 
timber and grassland. In this case, 
the woodlot should occupy the upper 
slopes.

W h e n  covered with dense vegeta
tion, the ground holds rain water so 
that it seeps slowly down-hill and 
arrives in the pond basin fairly clear. 
The slowing action is * important, 
because the water comes into the 
pond a little at a time, the water- 
level remains more nearly constant 
and the soil is left behind. This 
saves much wear on the spillway, 
and allows the growth of fish and 
plants that could not otherwise 
survive.

Improve Pond and Banks.— The 
pond itself is the heart of the water
shed area, when wildlife crops are 
considered, and it is here that many 
of the benefits of erosion control 
are most evident. In the improve
ment of ponds, as with watersheds, 
planting the right kind of vegetation 
for the kind of wildlife wanted is
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Fig. 2.—A plan for pond planting. Planting zones are: 1 Shelter 
and escape cover. 2 Protection for dam and spillway. 3 Concealment and 
food. 4 Erosion control and food. 5 Grassy nesting cover. 6 Fencerow 
escape, nesting and winter cover. 7 Food and shelter in the pond. 8 Wind
break.

most important. Too much vegeta
tion growing in the water gives too 
much protection to small fish, and 
uses up fertility. Too little vegeta
tion on the slopes and at the water’s 
edge permits erosion and results in 
a muddy pond. If fish of large size 
are the main interest, it is best to 
keep plants entirely out of the water 
itself, to prevent overcrowding and 
stunting. If other wildlife, like 
waterfowl, frogs, and muskrats are 
wanted, it is desirable to plant the 
kind of aquatic vegetation they need

for food and cover. In any case, 
there should always be a good 
growth around the banks to provide 
food, nesting places, and cover for 
the quail, songbirds, and small anim
als that live best near water. Shore
line plants help check erosion on the 
banks, and the larger ones provide 
shade which helps keep water tem
peratures down and reduces evapora
tion.

A  plan for pond planting is shown 
in Figure 2. The fence is very im
portant: it is needed to protect the
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pond area from grazing, and the 
water itself from muddying and con- 
* tamination. It also furnishes addi
tional wildlife cover. Fencing is a 
requirement before the pond can be 
stocked with fish by the Conserva
tion Commission. The numbers in 
this figure locate the different zones 
of planting.
A R R A N G E  P L A N T S  IN Z O N E S

Zone 1. Shelter and Escape Cov
er. Plant three wide bands of shrub
bery, consisting of the following 
plants set two feet apart: (a) black
berry or raspberry; (b) hazelnut or 
wild plum. At (c) seed Sericea les- 
pedeza, up to the fence and along the 
old ditch below the dam.

Zone 2. Protection fo r  Dam and 
Spillway. Sow a mixture of blue- 
grass, red top, timothy, and Korean 
lespedeza on the tops and slopes of 
the dam and spillway. Liming, ferti
lizing, mulching and manuring are 
highly recommended.

Zone S. Escape Cover, Conceal
m ent Cover, and Food. Seed smart- 
weed and millet just above the wat
erline, carrying it back at least 8 or 
10 feet. Then, in bands, plant the fol
lowing: (a) Korean lespedeza; (b) 
hazelnut or crabapple in groups of 
3 or 4 plants'set four feet apart, with 
the groups set 12 feet apart; (c) seed 
Sericea lespedeza up to the fence.

One or two water-side treesj like 
river birch or sycamore, m a y  be 
planted above the waterline, provided 
they are at least 100 feet from the 
dam.

Zone U. Erosion Control and 
Food. Plant spike-rush and water

willow in clumps a few feet apart at 
the water's edge. Back of this sow 
smartweed and barnyard grass or 
duck millet. Plant a few button 
bushes or osier dogwood.

Zone 5. Grassy N esting Cover. 
Use the grass mixture and treatment 
recommended for the dam. In a 
large area, plant small clumps of 
blackberry and raspberry about 30 
feet apart for food, nesting, and es
cape cover.

Zone 6. Fencerow Escape, N est
ing; and W inter Cover. Here the 
planted cover can be the fence itself. 
Multiflora rose makes an excellent, 
stock-proof fence, provided instruc
tions for soil preparation and plant
ing as furnished with the plants are 
followed. Set the plants as a fence 
at 1-foot intervals. Sow Sericea 
lespedeza alongside.

Zone 7. Food and Shelter in  the 
Pond. If the production of a good 
crop of good-sized bass and bluegill 
is the main object, do not plant any
thing in the water itself, except as 
follows: In new ponds, before filled 
with water, lime and fertilize the 
entire basin and seed to millet. A  
growth of millet on the pond bottom 
will help greatly to keep the water 
clear and furnish needed minerals. 
After the pond is full, set spike-rush, 
calamus and water willow at the 
water's edge, using water willow at 
the dam to stop wave erosion.

For a multiple purpose pond, add 
arrow-head lily in the shallow bays 
and plant river bullrush in the shal
low water. The aquatic plants will 
not prevent having some fishing, 
often good. They are not recom-
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mended, however, for the best in 
pond fish production.

For a pond wanted mainly to pro
duce the best possible fishing, defi
nite rules must be followed. These 
are explained in a bulletin by the 
Missouri Conservation Commission 
at Jefferson City, and farmers plan
ning a fish pond should write for and 
follow these rules.

Zone 8. W indbreak. The Multi
flora fence will offer enough protec
tion on otherwise unprotected ponds, 
except on high, exposed prairies. 
Here it is wise to plant a row or two 
of trees on the south and west sides, 
except where this will bring the 
trees nearer the dam than the 100- 
foot “safe” distance. Black locust, 
catalpa and red cedar (where there 
are no apple orchards nearby) will 
afford this protection without com
peting too much with the rose fence. 
Evergreens make excellent wind
breaks. Of these, the native (yel
low) pine is recommended for south
ern Missouri, while jack-pine has 
proved good in the northern counties. 
All these trees m a y  be ordered 
through the county extension agent.

PLANTS, FISH, FERTILIZER
Source and Cost of Materials.—  

Water and marsh plants can usually 
be secured from nearby ponds and 
marshes. Information on identifica
tion, planting and sources of the 
plants needed can be secured from 
the local representative of the Con
servation Commission, or by writing 
to the central office at Jefferson City.

Fertilize N e w  or Sterile Ponds.—  
The watershed, and particularly the

raw areas of new ponds should be 
fertilized before seeding or planting, 
just as one would fertilize to grow 
a good grain crop. In addition, all 
raw areas should be loosened and 
manured. The water itself should 
be fertilized for good fish production. 
The general rule in new or sterile 
ponds is 100 pounds per water-acre 
of a good balanced commercial ferti
lizer, scattered in the water, until 
about 1000 pounds per acre per year 
have been added. Fertilization 
should begin in the spring and be 
repeated at about two-week intervals 
through the summer. Ponds vary 
in the amount needed. A  rough test 
ig the color of the water; this should 
be rather brownish, but fairly clear. 
W h e n  the hand can be seen with the 
arm immersed up to the elbow, in 
“tea-colored” water, fertilization is 
about right.

Fertilizing in this way promotes 
good fish growth, and also helps keep 
down unwanted aquatic vegetation. 
It does, however, decrease the desir
ability of ponds for stock watering. 
Instructions on keeping aquatic 
“weeds” out of ponds wanted pri
marily for fish production can be 
secured from the Conservation C o m 
mission without cost.

Suitable Kinds of Fish.— -A bal
anced combination of bass and blue- 
gill (bream) is the recommended 
planting for good farm fish ponds. 
This is the only stocking recom
mended or furnished by the Con
servation Commission, and is limited 
to ponds meeting the Commission’s 
specifications. To secure an initial 
stocking of fish, farmers should con-
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tact the local Wildlife Conservation 
Agent, to learn if their ponds meet 
the requirements and to make appli
cation. Ponds m a y  also be suitable 
for producing minnows for use or 
sale as bait. Information on making 
a minnow-rearing pond can be se
cured from the Commission.

Attention is directed especially to 
the black-head and bluntnosed min
nows. These are excellent bait 
minnows, and good bait minnows are 
becoming scarce and costly. Often 
a good business can be built up by 
selling minnows to resorts and to 
bait fishermen.

P O N D S  O N  W A S T E  A R E A S
Many farms that have no suitable 

ponds have some waste lands where 
suitable ponds m a y  be built. R a w  
gullies and eroded watersheds ma y  
be improved by erosion control mea
sures to form good drainage areas. 
Although this requires some extra 
effort, the control of erosion on such 
areas is worthwhile in itself, and 
when it has been accomplished a good 
pond with all its benefits m a y  soon 
follow.

Erosion Control the First Step.—  
On very poor or moderately gullied 
land it is advisable to begin erosion 
control on the watershed one or two 
seasons before the pond is started. 
Trees should be planted on the slopes, 
and temporary checks put in the 
gullies to catch enough silt to allow 
planting with black locust, cane, or 
Kafir corn. These temporary checks 
can be built most economically from 
wire and brush in many sections of 
the state. In the Ozarks region,

however, loose rock dams (loose rock 
held in place with woven wire) will 
be more practical and permanent 
than wire and brush checks. If the 
gullies are planted to annual crops, 
a sodding crop, such as red-top, or 
Sericea lespedeza m a y  later be 
used. Finally, when sod and trees 
together have checked the erosion, 
the pond m a y  be built. This plan 
is illustrated in Figure 3.

Control by Using Terraces.— A  
piore readily effective, more perma
nent and therefore more satisfactory 
control, by means of terraces above 
the pond with permanent outlets into 
the basin, is illustrated in Figure 4. 
Timber or sod cover is then developed 
over the terraced watershed. Ter
races and terrace outlets are de
scribed in more detail in Missouri 
Experiment Station Bulletin 507, 
“Terracing for Erosion Control,” and 
Missouri Agricultural Extension 
Service Circular 355, “Terrace Out
lets for Missouri.”

The Settling-Basin Control.— A  
third method is to construct above 
the main pond, a smaller pond to act 
as a silting basin. The silting basin 
is constructed by building a dam and 
dykes intercepting the water from all 
gullies that would drain into the 
pond. This allows water from the 
watershed to be collected in a silting 
basin where all of the heavier soil 
particles and most of the fine silt 
settles out before the water flows 
into the pond. Thus it is practically 
clear water that flows into the lower 
basin through a pipe operating on 
the same principle as the soil-saving
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Fig. 3.—Tree planting, sodding and mechanical checks should be used 
to control erosion on gullied land before the pond is built.

dam discussed in Bulletin 499. A  
general plan is shown in Figure 5.

W h e n  the upper basin has become 
filled with silt, it m a y  be planted to 
black locust or the swamp species 
mentioned above, and later sodded. 
Meanwhile the upper ends of the 
gullies have been planted and 
checked, and the watershed is under 
control.

The first of these three plans will 
require a longer period to become 
effective, although little or no cash

expenditure will be necessary. The 
last two plans will require slightly 
higher cash expenditure but will be 
effective immediately. However, the 
effectiveness of these two plans will 
be somewhat increased as sod and 
tree growth become established. In 
any case, the pond should not be built 
until it is evident that erosion is 
being controlled.

By observing the suggestions giv
en in this and the other circulars 
cited, poorly improved ponds and
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waste lands present on most farms 
ma y  be used to make productive 
wildlife areas, in addition to the 
benefits resulting from soil-saving 
and usable erosion-control crops.

Not All Ponds Can Be Improved.'—

Some ponds are so small, so poorly 
built, or so badly located that all the 
benefits mentioned cannot be ob

tained without excessive cost. For 
instance, if a pond must supply water 
for livestock, and if this use lowers 
the water level very much between 
rains, the pond is too small to be of 
much use to fish and other wildlife. 
It would be better to keep it simply 
as a stock pond, though to prolong 
its life the watershed should be 
protected as described in this cir
cular.

Fig. 4. Terraces may be required on badly eroded slopes above the 
pond. Heavy arrows in upper left corner indicate earth fills where terrace 
crosses the gully. Note the outlet leading up from the pond* in the center 
of the diagram, controlled by three permanent structures.
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Sodded emergency 
outlet ^

Pipe or tile to \\ 
carry all but 
extreme flo o d s"^

Sodded emergency 
outlet

Silting basin

Heavy dyke 
thrown up for dam

Discharge pipe-* 
for slow 

continuous flow

Fig. 5.—A silting basin may be built above the main pond.
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