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ABSTRACT 

Hoffman lake, a hard water low production lake, was fertilized 

in 1954, 1955 and 1956. Previous authors observed some significant 

changes in the biology. Periphyton production increased during the 

three years. Plankton production may have increased in 1956. :s-ottom 

fauna studies failed to prove conclusive changes. Some species of fish 

increased _ in condition during the fertilization period. The year after 

fertilization, 1957, the condition of the fish returned to or belo~ 

prefertilization values. 

The West Branch of the Sturgeon River carries nutrients out of 

Hoffman Lake. The fertilization produced peripbyton responses in the 

river. B'ottom fauna and fish production increases are doubtful. 
; 

In 1957, fertilizer was added directly to the West Branch of the 

~turgeon River for eight days. Phosphorus was observed to be carried by 

the stream in an abnormal way.! period of delay was followed by a period 

of general stability. After the period of stability, rapid decreases in 

the stream's phosphorus content were observed. 

Peripbyton responded with an increase during the period of fertil

ization. B'ottom fauna changes were not observed. Beds of Chara spp. con

tained considerable g-reater quantities of invertebrates than gravel 

riffles. 

The trout of the West Branch of the Sturgeon indicated differences 

in populations at the various stations sampled. This was not observed in 

1954. Length-weight and body-scale length relationships are statistically 

different at the stations sampled. Mean length at time of capture and 

calculated lengths indicate trends towards differences between the 

stations. 
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INTRODUCTION 

Since man first realized the :iJnportance of fish to his culture he 

has undoubtedly been interested in increasing his source of fish in 

both a quantitative and qualitative aspect. For many centuries fish 

have assumed an important role in the socio-economic structures of var

ious soci.eties. The earliest culture of fishes began in the Orient, 

many years before Christ, and in til11e spread westward into Europe and 
I· 

thence onward into the New World. 

The English .speaking world recognized that there were significant 

differences in tm fish populations soon after the Renaissance. Izaak 

Walton discussed these differences as early as 1676 in his classic~ 

C.Qmplea.t, Angler. Discussing trout, Walton mentions the difference in 

size an:i quality of the fish in several of the streams of Britain. 

Man soon attempted to improve his fishing ani the fish. The major

ity of attempts were based on the following methods: (1) propagation, 

(2) protection, (3) introduction and (4) habitat alteration. Many times 

these procedures failed to prcrluce the desired results. With increasing 

deman:ls on our natural resources by a rising population it is mcessary 

to improve the production of our avail.able renewable resources. 

Habitat alteration ( stream or lake improvement in fisheries manage

ment) is one or the techniques being developed in scientific management 

or our biological .resources. Much work has been done in the fields of 

physically changing our aquatic habitats. Some of the techniqi.Es in

volve the fluctuation of water levels, building of dams and ponds, in

troduction of shelter an:l alterations in the channels of streams. Another 

technique 1n attempting to increase the productivity of an area, is to 

add fertilizers to the habitat. This theory is based on the old adage 
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that "all flesh is grass". All animal life is directly or irrlirectly 

dependent on plants for its nutrition. By imreasing the amount of 

available plant nutrients one should imrease the prcxiuction of pl.ant 

li.f'e. A larger crop of plant focxi may then support more animal life. 

This technique of fertilization of aquatic areas is not new: it . 
has been used for many centuries in the Orient ani for many decades in 

Europe. At first attempts were restricted to ponis designed for food 

sources only. Discussions of 'this technique in carp ponds are presented 

by Snieszko (1941) and Coker (1954). In this hemisphare foumation work 

on sport fish ponds an:i their fertilization was done by Swingle and 

Smith (1939), Swingle (1947), Ball and Tait (1952) and others. 

Fertilization of larger bodies of water is relatively new when 

compared to ponds; outstaming work has been done by Smith (1948), Ball 

(1950), Ball am Tanner (1951) and Nelson am Edmondson (1955). Mac~ 

iolek (19.54) provides an adequate review of the fertLlization of lentic 

environments. 

In 19.54 a project was established on Hoffman Lake, Charlevoix county, 

to determine the practicality of fertilization of a large, 120 acres, 

lake with a high calcium carbonate content. This lake was fertilized 

twice each s~r for three consecutive summers (19.54-56). The limno

logical changes were reported on by Alexanier (1956) , Anton (1957) , and 

Plosila (1958). 

~diate large changes were not observed in the fish populations 

of Hoffman Lake. It was thought that long term stud i.es of the fish may 

indicate a significant cha~e. A portion of this thesis discusses the 

· results of fish Salllpling for the sU111Mer of 1957 in Hoffman Lake. 

The outlet of Hoffman Lake forms the West Branch of the Sturgeon 
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River, a trout stream of low productivity. This geographical situation 

allowed for studies of cha:tlses in the potamology of the stream due to 

the increased nutrients. This work was presented by Grzenda (1955), 

Colby (1957) an:i Carr (M.S.). The experimental fertilization of strea.IIIS 

is nearq unknown. The author is faJlliliar with only one published art

icle (Huntsman, 1948). 

The three ~eviously mentioned studies on the West Branch of the 
l · 

Sturgeon River in:licated very little change in the river, except for the 

irlllYediate vicinity of the lake I s outlet. It was hypothesized that this 

was due to either the rapid uptake of the nutrients and/or the dilution 

by the larger volume now downstream. 

A project was then established to determine what affect !the direct 

application of a quantity of fertilizer would have on the biology of a 

stream. This thesis presents a surmnary of the biological changes result

ing from the direct application of inorganic fertilizer to a trout 

stream. Another Master• s thesis is being presented by David Correll 

(M.S.) covering biochemical aspects of the stream's fertilization. 



DESCRIPTION OF THE STUDY AREA 

The area of study lies approximately forty miles South of Mich

igan's Mackinac Straits. Laboratory facilities were established at the 

Institute for Fisheries Research station on the Pigeon River. approx

imately thirteen miles East of Vanderbilt. Otsego county. Hoffman Lake 

lies seven miles to the West of Van:lerbilt in Charlevoix county (T.J2N •• 

R.4W •• Sec. 26, '21, 34 and 35) (Fig. I). The lake has 120 acres of 

surface with a maxi.mtml depth of 22 feet and a mean depth of 10 feet. 

The lake is 3,)30 feet by 2.600 feet. with a shoreline developnent or 

1.2. 

Previous year's data indicate that thermal and chemical stratifi-

cation is of short duration. · if it does occur. The water has approxi-
1 

mately 130 p. p.m. alkalinity an:i pH values in the range of ? .9 to 8.5 

(Plosila, 1958). The lake basin is almost entirely covered with marl 

concretions and softer marl deposits. Plosila (op. cit.) rrentions a few 

shorelim deposits of sani an:i fibrous peat. The gemral appeararee of 

the lake is milky-blue• typical of a marl lake. The shoreline i.s re arly 

surroun:ied by logs with heavy marl deposits covering them. 

The primary source of water for the lake is through many- springs. 

Springs also feed a small pon:l, which connects with the lake an the 

west en:i via a small creek. Surface water contributions are probably 

of little importance because of the small watershed. 

Plankton consists primarily of Cyanophyta an:i Chrysophyta. 

Plosila (1948) recorded the presence of four genera of Chlorophyta fol

lowing his fertilization treatment, compared to but one genera prior 

·tot reatment. The unfertilized complex of blue-green algae an:i diatoms 
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I\ 

Figure I. , Map of the West Branch of the Sturgeon River Area, showing 
stations and major points of access. 
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is typical of low production, hard-water lakes (Prescott, 1951). The 

higher aquatic plants _are dominated by bulrushes (Scirpus spp.). A 

limited distribution of white water lilies (Nymphaea spp.) dominates 

the vegetation of the Western shoreline. Other vegetation is very 

scarce a:rrl consists of scattered plants of Potamogeton spp. and small 

stands of Chara spp. 

The dominate fishes are four species of game fish an:i one rough 

fish as follows: 

largemouth bass 
rock bass 
comm.on -sunfish 
yellow perch 
common sucker 

Micropterus salllloides 
Ambloplites ru:QSstr;Ls 
Lepomis gibbosus 
Perea navescens 
Catostomus commersoni 

Roelofs (1941) listed the other fishes present as mimic shiner (Notropls 

volucell!l§), creek chub (Semotilus atrol!Jaculatu,s,), common shiner (No

tropis cornutus), Io"'a darter (Poecilichthys exilis), bluntnose minnow 

(Hyborhynchus notatus) and the log perch (P~rcina caprodes). The lake 

is marginal trout water. -Two brook trout, Salvelinus fontanalis, were 

captured in 195~ (Alexander, 1956). Alexander also discusses the 

history of unsuccessful attempts to introduce montana grayling, Thy

~ signifer; rainbow tr<:>Ut, Salmo gairdnerii; and brook trout. 

The dominant bottom fauna consists of Ephemeridae, Tendipedidae, 

Odonata, Sialidae, Amphipoda and Oligochaeta. The mean number of org

anisms was 132.6 per square foot, with a volume of O.Jl milliliters per 

square foot in 1956 (Plosila, 1958). 

The 'West Branch of the Sturgeon River arises at the Northeast 

corner of the lake and flows through its narrow valley to join the 

Sturgeon River near .Wolverine, Cheboygan com1ty. Grzenda (1955) 

estimated the watershed to cover fourteen square miles. The soils of 
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the watershed are podzolic am developed from li.Dzy' glacial drift. 

(Whiteside, Schneider and Cook, 1956). The topography is steep and rol

ling glacial morainic. The majority of the area is covered with second 

growth maple and poplar. The upper reaches of the stream has a narrow 

border of cong.erous swamp, primarily cedar. 

The watershed has a few small dairy farms which provide the rela

tively small amount of cleared land. Much of the cleared larrl lies 

fallow and some has recently been incorporated into tree fanns. There 

are several private swmner homes located on Hoffman Lake am a few cot

tages scattered along the valley. In the vicinity of U.S. highway 27, 

a few motels and resorts have been developed. 

A total of eleven sampling stations has been established along the 

stream. These stations have been used intermittently in the past four 

years. Each station will be briefly discussed. 

Station l• This station is in essence the outlet of Hoffman Lake. 

The water is briefly impounded behind a road fill and passes through 

twin culverts to form the lotic enviromnent of the stream. The stream 

is approximately three feet wide at this point and still exhibits char

acteristics of the lake. The bottom is primarily marl depositions. This 

station was abandomd in 1957. 

Station !,. A small tributary that arises from a cluster of small 

springs arrl joins the main stream a short distance from Station 2. This 

station exhibits very cold ground water. The area was used as a control 

during the years 1954, 1955 and 1956; and was abandoned 1n 1957. 

Station~. Located at a small bridge apiroxiJnately one mile below 

the lake. The stream has gained considerable volume from ground water 

at this point. The bottom is primarily silt and sand. The river supports 
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brook trout here and has been used for fish sampling for the four years 

research has been carried on. 

Station .1• Located about one-fourth mile due West of the Charle

voix-Otsego county line. The river here is broad and shallow with a 

heavy silt bottom. This area was at one time the backwater for a now 

inactive beaver dam. The area supported large quantities of water cress, 

Nasturtium officinale: and some rafts of filamentous algae in August of 

1957. Many minnows were observed from the bridge here. The station was 

abandoned in 1957. 

Station JA. Located at the cr~sing of the ~treani by the Charlevoix

Otsego county line road. The stream meanders through dense cedar swamps 

and in places exhibits a tendency to become morphologically a braided 

stream. The bottom is made up or gravel interrupted with small expanses 

of silt arrl sand. Portions of this area are interlaced with fallen trees. 

'Where logs are in the water, marl deposits are common. Brook trout were 

readily observed here. This, station was established for all types or 

sampling, except fish, for the s~r of 1957. Stream improvement 

de·1i.ces are first observed here in the form of an ~.nchored log. These 

devices increase in nUJJlber and complexity as one proceeds downstream. 

Station ~. Located where the stream crosses McGregor Road in 

Otsego county. The stream is cut down in its valley here and is surroun

ded by dense swamp. The bottom is coarse gravels. This area has brook 

trout along with a few rainbow trout. This station was not used in 1957. 

Station ..2• Located at the crossing of Thumb Lake Road in Otsego 

county. The stream here is also surrounded by dense swamp. This station 

was used for fish sampling in 1954, 1955 and 1956 ~ut was abandoned in 

1957. Fishes present are brook, brown (Salmo tr•tta) arrl rainbow trout. 
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Station .9.• The :f'irst station in Cheboygan county. This is locally 

refered to as the Shingle Mill Bridge ani lies approximately seven miles 

below Hoffman Lak6. At this point the river has become considerably 

larger in both width and volume flow. The volume now is estimated at 

thirty cubic feet r:er second. A small tributary enters a :,hort dis

tame upstream from this point. The river is relatively open an::l bor

dered by only a narrow band of swamp. This station was used for al.l 

types of sampling in the 5umzner of 1957. 

The bottom is composed of gravels and san:is with some silt behin::l 

stream d enectors. Small patches of CJ,ara spp. and Ranuncqlus spp. 

constitute the higher aquatic vegetation present. The immediate vicinity 

or the bridge has many logs lying in the stream. Fishes present are 
811J ,-,a,>Jbovv 

brook, brown/trout. Approximately one-fourth mile upstream from thus 

station the fertilizer treatment was begun. 

Station z. Located at a wooden bridge crossing the stream in 

section 16, T.JJN.,R.~ •• The stream here nows through an area with 

poplar covered banks an::l adds to its volume with numerous small springs 

along its banks an:i a small tributary stream. The bottom is composed 

of gravels with some marl conglomerates. 

Within the stream, bars have developed from sand and organic 

detritus. On the.se bars heavy bads of Chara spp. grow. Other plants 

present are small :itanis of Ranunculus spp. am limited nurnbers of 

?otamogeton spp. Fishes present here consist of brook, brown arrl rair...L.ow 

trout. This station was used for all types of sampling , except fish, 

in 1957. 

Station§,. Located approximately nine miles from the lake. A 

moderate sized tributary, Fulmer Crrek, enters the stream here. The 
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stream is quite open and banked with poplar trees. The bottom is com

posed of gravels, fianked with narrow strips of si:tt supporting Chara 

spp. and Ranuncµlus spp •• This station has been used continuously for 

the past four years. Fishes present are px-imarily brown arrl rainbow 

trout. Brook trout are present but not common. 

Station 2,. A newly established station in 1957. It is located at 

the crossing or u. s. Highway 27. The stream and its banks are rela

tively open here due to some light farming, cottages and a roadside 

park. This station was U3ed for water samples onl!y, for a short ~ricxl 

before and during the application of fertilizer. 
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METHODS AND ffiOCEDURES 

Fertilization 

In previous years fertilization of Hoffman Lake was accomplished 

by pouring the fertilizer into shallow water from the stern of an out

board powered boot. Two applications were made each summer within a 

short period in late July an::i early August. The following quantities 

were added for each sumrrer (Plosila, 1958): 

Year Pounds Analysis (N-K-P) . 

1954 .---5,900 10~1.0-10 
1955 10,000 12-12-12 
19.56 ·4,960 12-12-12 

Int~ s 1.1lTU'le r of 1957, the fertilizer was added directly to the 

stream. Four hun:ired (400) pourrls of diarnmoniurn phosphate (Ammonium 

orthophosphate, mono-H; (NH4) 2HP04) was used in the treatment. The 

analysis o! this fertilizer is 21-0-53 (N-K-P). The fertilizer is 

highly soluble in water. The fertiliz er was added at a calculated rate 

to increase the stream's phosphqrus content to 85 ~rts per billion; 

from August 8 to August 17. 

The fert-ilizer was preweighted an::i transported to the point of 

application in polyethylene bags (il.4 pounds per bag). Each bag was 

emptied into a large tub and thoroughly mixed with ten gallons of 

strained river water. This solution was poured into one of two barrels. 

One barrel, 55 gallons, was placed in an upright position with its 

top knocked out. Another barrel, approximately 35 gallons, was placed 

on its side and held in position by a sawhorse (Fig. II). The two 

barrels were connected together with a siphon of copper tubing. Two 

barrels were used to minimize the difference in head, thereby providing 
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Figure II. Photograph showing arrangement of the equipme~t used in 
fertilizing the West Branch of the Sturgeon River. 
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for a more uniform output or fertilizer. 

A polyethylene tube was then used to siphon the solution from the 

horizontal barrel to near stream level. This siphon was attached to a 

filter made of copper tubing an:l a quart jar (Fig. III). A nozzle was 

joined to the filter. This nozzle was prepared by heating a piece of 

polyethylene tubing and drawing it out to a fine dianeter. By clipping 

this nozzle, short distances at a time, the now of the jet into the 

stream was cal ibra.ted. 

It was necessary to provide a packing in the filter, which was 

originally designed as a sedilnent trap. Colloidal r,;articles, larger 

precipitates arrl particles from the barrel, were foun:i to plug the 

required small jet. Glass wool wa15 tried but was found to trap the very 

small particles an:i stop the now. Sacks of fiberglass cloth attached 

to the inlet an::l outlet of the filter provided the best answer to this 

problem. AdditioM of loosely packed fiberglass cloth 1n the jar func

tioned as baffles providing eddies to allow the settling out of the 

finer particles. 

Physical ani Chemical 

Temperature. Temperatures were recorded for both air and water 

with a Taylor Pocket thermometer. The degree of overcast was recorded 

at the time temperatures were taken. These data were taken at times of 

convenience. 

Stage. Stage was recorded from a strip or u.s.G.s. river stage 

measuring scale. This was fastened to the bridge at Station?. 

Con:iuctivity. Conductivity was determined with a portable conduc

tivity cell- wheatstone bridge apparatus as described in Stan1ard Methods 
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Figure III. Photograph showing details of the filter used, in applying 
fertilizer to the West Branch of the Sturgeon River. 
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{A.P.H.A., 1955). Mechanical difficulties made readings at critical 

periods :bnpossible and may have invalidated some of the remaining data; 

thus the results of conductivity will be disregarded. 

Alkalinity. Total alkalinity was determined by titrating the water 

sample with N/50 sulfuric acid as described by Welch (1948). Determin

ations of alkalinity in the early phases of the project, indicated that 

alkalinity values corresponded very closely with values for total hard

ness. Following are compariso~ of values obtained for June Z?, 1957: 

Station 

Ja 
6 
7 
8 

Total 
alkalinity 

p.p.111. 

190 
190 
191 
189 

Total 
hardness 

p.p.re. 

192 
188 
190 
188 

These ranges are within the accuracy of the test for alkalinity (A.P.R. 

A., 1955); thus the determination of alkalini.ty was discontinued early 

in the project in favor of the more rapid hardness test. 

Hardness. Total hardness was determined by the Hach modificatioM 

of the compleximetric or EDTA titration method as outlined in Standard 
1. 

Methods (A.P.H.A'll955). 

Hydrogen Ion Comentration. Hydrogen ion coreentration ( pH) was 

determined with a line-operated Beckman pH meter. 

Total PhosRhoru.s. Total phosphorus was determined by a slight 

modification of the method outlined by Ellis, Westfall an:l El.1.is (1948). 

The modification consisted of neutralizing equal portions of the d ~ested 

sample with concentrated sodium hydroxide prior to the addition of the 

acidified ammonium molyb:iate reagent. Phenolphthalein indicator is used 

as the end point for neutrality in one of the subsamples, an equal quan-

1.The p~ticular reagents used were MonoVer and TitraVer, trade 
names of the Hach Chemical Company; Ames, Iowa. 
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tity of the sodium hydroxide is then added to the other subsample, on 

which the Ellis, et. al. procedure is carried on. It is believed that 

this procedure, before proceeding into the colorimetric phase of deter

mination, stabilizes the determinations by starting them from a uniform 

pH. Colorimetric determinations were made on a Klett-Summerson color

imeter. 

Acid-soluble Phosphorus. Acid-soluble phosphorus was determined 

by using a fif'ty milliliter sample and proceeding directly into the 

"method" outlined by Ellis, et. al. (op. cit.). Digestion of the sample 

is not used. It is believed that this method determines the inorgan

ically combined phosphorus. So:rre organic phosphorus may be detected 

this way, but it is believed that most of the phosphorus tied up in 

organisms and organic detritus is not measured with this technique. 

Ammonia. Ammonia determinations were made by direct Nezzlerization 

as outlined by Dobie an:i Moyle (1956). The apparent low ammonia values 

of the West Branch of the Sturgeon River did not raise the colorimetric 

values into the sensitive range. One determination shortly after fert

ilization indicated ammonia nitrogen in the order of 0.1 part per million 

at Station 6. Subsequent tests failed to disclose the presence of amm

onia nitrogen. 

Biological 

Periphyton. Periphyton is that assemblage of organisms that grows 

attached to or on a substrate without entering into the substrate. There 

is confusion in the literature as to the exact term to be applied to 

this complex. Etymologically, periphyton means around or about plants. 

The meaning, as used in recent literature, has been construed beyond 
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that of just plants to include all iJmnobile substrates. European liter

ature prefers the term aufwuchs as used by Ruttner (1953). A history of 

terminology and techniques of measurenent has been presented by Newcombe 

(1950). In this disc~sion periphyton includes all forms of benthic 

algae an:l invertebrates. 

Many types of substrates have been used for the measurement or 

periphyton. Some of these substrates are stones (Gumtow, 1955), glass 

slides (Patrick, 1949), cinder bricks (Grzenda, 1955), plastic slide3 

(Brehmer, 1958) and cedar shingles (Grzenda, op. cit.). Methods of 

enumeration vary. Actual counts have been made by Young (1945). Weights 

have been used by Newcombe (1950). 

Harvey (19J4) devised a method and standard for the extraction of 

plant pigments; by using alcohol as a solute. In this method the organ

isms are filtered out of the water and placed in alcohol. The pi.gm!,nts 

extracted by the alcohol are measured colorimetrically for their density. 

The density reading is converted to compare with that of an artificial 

standard, the "Harvey unit''. One "Harvey unit" consists of 25 mg. of 

potassium chromate and 430 1ng. of nickel sulphate per liter of water. 

Further refinements of this method included the addition of a red 

filter in the colorimeter to remove the interferences of non-plant 

pigments (Manning and Juday, 1941). The advantages of this system is 

the rapidity at which an index determination can be made (Tucker, 1949). 

Recent unpublished work by Morris Drehmer and Alfred Grzenda indicates 

that these values hold true to approximately one hundred "Klett units" .2 

Above this value the determinations are drastically reduced as higher 

pigment concentrations are reached. Through the courtesy of Mr. Brehmer 

2 A unit of optical density on the Klett-Summerson Colorimeter. 



and Mr. Grzenia a correction graph was provided to redetermine values 

in this higher range (Fig. IV) .J 
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Periphyton determinations on the West Branch of the Sturgeon River 

were made by attaching a cedar shingle, three by twelve inches, to sub

r.erged logs in the stream (Fig. V). These shingles and their associated 

periphyton assemblages were removed after a two week period arrl replaced 

by another shingle in an identical position. The removed shingles were 

placed in polyethylene bags and 1transported to the laboratory. 

In the laboratory, the shingles were brushed an:l washed off in a 

pan. This mixture was poured into a Buchner fun..'lel and filtered with the 

aid of filter nasks and a vacuum pump. The filter paper and organisms 

were removed and placed in a one ounce bottle. Ninety-five pe~cent 

ethyl alcohol was added to the bottle. The bottles were then stored in 

darkress until completion of the field work. The pigment solutions were 

again filtered and made up to a uni.form fifty milliliters w1th additional 

alcohol. This filtered solution was then read on a Klett-S1.lll1l7Varson 

colorimeter and corrections determined by the m3thod outlined above. 

Bottom fauna. Ten bottom fauna samples were collected from Stations 

Ja, 6, 7 and 8. These samples were obtained from gravelly riffle areas 

on a weekly basis. The samples were taken with a square-foot Surber 

sampler. A cross-stream transect was used to determine the position of 

the sample arrl ten samples were collected across this transect. The 

following week the transect was moved a couple of feet upstream to mini

mize the effects of the previous weeks sampling. 

The samples were preserved with formalin in pint jars. The samples 

3 For examples of original "Klett unit" readings. "Harvey units'' 
and corrected klett units see Appendix (Table B). 
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Figure rr. 
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Correction graph for determining the density of phyto
pigments (Klett-Summerson colorimeter). (From t.mpublished 
data of tlorris Brehmer an:i Alfred Grzenda). 
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Figure V. A photograph of a cedar shingle used for the collection 
of peripb.7ton in the stream. 
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were picked at a latter date through the facilities of the IMtitute for 

Fisheries Research. A saturated sugar solution was used to bouy up the 

organisms which are picked from the surface, with a fine-mesh wire scoop. 

The preserved specimens were then _counted arrl volumes determined by 

water displacement with ten milliliter graduated centrifuge tubes and a 

ten milliliter burette. 

Bottom fauna. samples were also obtained from beds of Char.a spp. 

at Station 7. A slight modification of the Wilding-type sampler (A.P.H. 

A., 1955) was used. This sampler had a diameter of twelve ~hes (an 

area of 113 square inches). This sampler was forced into the bottom. 

The water, aquatic vegetation an:i bottom material, to a depth of approx

imately two inches, were dipped out of the sampler and washed in a 

thirty-mesh bottom screen. These samples were picked :i.mrnedia tely and 

stored in alcohol. The samples were sorted and volumes determined with 

a ten milliliter graduated centrifuge tube and a ten milliliter burette. 

Fish. Five species of fish were sampled in Hoffman Lake. These 

fish were procured with triangular wire-mesh traps. Weights and total 
' 

lengths were taken in grams and millillleters (lengths were c9nverted to 

inches via a conversion table to correspond with previous years data). 

Scale samples were taken. The right pectoral fin was clipped on each 

fish scale-sampled to avoid duplication of data. 

Scale samples were embossed on pieces of acetate with tre aid of a 

pressure-roller system as described by Smith (19.54). The scale impres

s-ion was used in a micro-projector to determine age and distance between 

annuli. The lengths of annuli were recorded on ruled scale cards. 

The length-weight relationships were determined by a modification 

of a formulae by Lagler (1952). This modification is as follows: 



1n A 
z.ltii x .!(lnL) 2 -£1nL x ~(lnL x lnW) 

: - N x ~(lnL)2 - (i'1nt)Z 

n a 

Where: 

f]Ji'! - ( N x lnA)_ 
tlnL 

ln A: Y-axis intercept of the regression line 
n = slope of the line 

ln W = natural logarithm of the weight 
1n L ~ natural logarithm of the length 

N = number of specilllens 
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This results in the equation for ' the exponential curve; lriv = 1nA ♦ NlnL. 

Body-scale relationships were assumed to have a zero intercept, as 

in previous years (Plosila • 1958). Thus direct proportion methcds were 

used to determine the fishes length at a given anrrulus. A nomoeraph 

and the ruled scale cards were used to determine these lengths. 

Fish in the West Branch of the Sturgeon River were sampled with a 

220 volt direct-current shocker as described by Rounsefell and Everhart 

(1953). Methods used were essentially the same as those outlined for 

the Hoffman Lake fish. Body length-scale length relationships were 

determined by the following formulae: 

b: fFS -
~s2 -

£,FfS 
N 

{,is)Z 
N 

n: Z:F-{Nx.b) 
£S 

Where: 

b: Y-axis intercept of the regression line 
n = slope of the regression line 
F: total length of the fish 
S • Anterior scale radius 
N = nUJllber of specimens 

This results in the equation; F = b + nS. The calculated lengths at a 

annulus were determined by this f Ol"JTl.ulae. 



RESULTS 

Physical and Chemical 

Temperature. Temperature is a relative complex factor in a river. 

In lakes the temperature is reasonably stable on a diurnal basis. The 

immediate surface may exhibit major temperature changes from day to 

night but on the whole the epilimnion and other stratified layers show 

slow, long-term fluctuations. In tl.19 stream the complete water niass is 

renewed in a matter of few hours. The West Branch of the sturgeon River 

contains mostly ground water. Within a few hours after sunset the 

solar warmed water is discharged ani replaced. This imoming ground 

water has a stable temperature in the high forties. The next ~ay the 

water mass is rewarmed again. The degree of rewarming depends primarily 

on how open the stream is above the area concerned and how intense the 

solar radiation. The effect. of temperature changes on the biota of the 

stream may be only hypothesized. 

The Q10 law states that biochemical reactions are approximately 

doubled for every ten degree rise in temperature. From this one may 

conclude that a ten degree rise in temperature will double the meta

bolic rates of t:00 plants and thereby approximately double the rate of 

production. Strickland (1958) presents a short discussion on the 

influence of temperature on productivity. Some of the things that must 

be taken into account in evaluating temperatures are species involved, 

temperature ranges in which the temperature change is taking place, 

availability of nutrients and other ecological factors, such as inten

sity of illwuination. 

Lotka (1956) quotes G. W. Martin as stating that lower temperatures 
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may actually increase production. This is based on the increased sol

ubility of carbon dioxide in cooler water. Carbon dioxide is one of 

the primary building blocks in sugar and starch production. This 

reasoning probably has little application to the prcduction rate of the 

flora of the West Branch of the sturgeon River since it has been shown 

that the majority of aquatic plants can secure adequate quantities of 

carbon dioxide from the half-boun:i carbonates {Welch, 1952) which are 

in excess in the river water. 

Data were collected for the summer of 1957 on the West Branch of 

the Sturgeon River which indicate that there probably is a greater 

seasonal fluctuation in the temperatures of the river than pt."eviously 

expected. The mean of the temperatures recorded indicates that there 

is a negligible difference between stations (table 1). Carr (M.S.) 

found that in 1956 there was a strong tendency for the stream to be

come cooler as one proceeds downstream. The 1957 data fails to bear 

this out.4 

Table l 

MEANS AND RANGES OF TEMPERATURE (F 0 ) RECORDS ON THE WEST BRANCH 
OF THE STURGEON RIVER, 1957. 

Air Water 
station Mean Range Mean Range 

Ja 65.9 54-77 57.8 49-67 
6 68.2 58-8) 55.J 50-6o 
7 67.4 59-83 56.1 49-65 
8 66.6 59-86 56.3 49-65 
9 65.4 &J-77 54.1 49-59 

The diurnal fluctuations were found to excede those expected. it 

was believed that the large proportion of ground-water in the stream's 

¾'or a summary of records of temperatures recorded, see apJ:Bndix, 
Table A. 
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volume would stabilize the temperature. At each station, proceeding 

downstream, the volume now i-ooreases due to the addition of ground

water. It was expected that this continual addition would provide for 

vecy little fluctuation. On July 17 a series of approximately hourly 

temperature readings were taken at Station 7. These irrl icate that the 

stream temperature may raise ten degrees in nine hours. The time of 

day and temr:erattll"e readings are as follows: 

Time Air Water 
temp. temp. 

9:15 66 53 
10:15 69 54 
11:05 76 56 
Noon 76 57 
12:35 79 59 
1:10 78 6o 
2:00 80 61 
3:05 80 61 
J:4,5 84 62 
4:50 79 63 
5:30 77 63 
6:45 71 62 
?:JO 67 61 

The temperatures are graphically depicted in figure VI. This graph 

shows the lag in temperature responses of the water to the atmosphere. 

Stage. The West Branch of the Sturgeon was found to have a very 

stable water level. During the period between July 18 an:i September 

17 the river fluctuated only twenty-four hurrlredths of a foot, or approx

imately three inches (table 2; for a graphical presentation of fluctu

ations about the mean Fig. VII). There was a period in early July, 

prior to installing the gauge, that the river was higher than actually 

recorded. This deviation was not abnormally high and was accompanied 

by a slight increase in color from the normally vecy clear condition, 

and an irorease in organic debris being carried by the stream. 



Figure VI. A portion of the diurnal temr;erature 
fluctuation of the West Branch of the 
Sturgeon River. 
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Date 

July 18 
II 19 
II 23 
11 26 

Aug. · 1 
2 
5 
8 
9 
9 

10 
11 

II 13 
II 14 
II 15 

Table 2 

FLUCTUATIONS IN STAGE OF THE WEST BRANCH 
OF THE SfURGEON RIVER, 1957 

Gauge readtng Devi.at ion* Date Gauge reading 
r~et From mean f~et 
8.JJ +6 Aug. 16 8.28 
8.30 +3 II 17 8.24 
8.26 -1 II 18 8.24 
8.28 +l II 20 8.20 
s.22 -5 II 22 8.20 
B.22 -5 II 23 8.20 
8,22 -5 II 27 8.26 
8.23 -4 II 29 8.34 
8.25 -3 II JO 8.32 
8.31 +4 Sept. 3 8.44 
s.32 +5 II 5 8.42 
8.26 -1 " 6 8.JB 
8~24 -3 II 10 8,32 
8.32 +5 II 11 8.)2 
8.28 +l II 12 8.,38 

II 13 8.36 
II 17 8.36 

MEAN 8.27 

Deviation* 
From mean 

+1 
-3 
-3 
-7 
-7 
-7 
-1 
,.7 
.. 5 
+17 
+15 
+11 
•5 
+5 
+11 
1-9 
+9 

* in hundredths of a foot. 
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Figure VII. Fluctuations in stage about the mean of the West 
Branch of the Sturgeon River. 
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Hardness. The total hardness of the West Branch of the Sturgeon 

River is quite constant. Occasionally during long periods of heavy 

rain and its resulting contribution of run-off water, the hardness 

drops. (see table 3, July 4). The ranges of parts per million hard

ness, disregarding the fourth of July, for the various stations are as 

follows: 

Station 3a 
n 6 
II 7 
II 8 
II 9 

187-199 
187-197 
186-196 
188-202 
195-200 

There were no detectable changes in hardness due to fertilization (For 

a graphical picture of the hardness changes, Fig. VIII). 

Hydrogen Ion Coooentration. Hydrogen ion concentration or pH, 

nuctuated around a value of approximately 8.1 (table 4 and Fig. IX). 

The range was from 7.8 to a maximum of 8.4. A water-mass with the 

quantities of half-bound ca~bonates that the West Branch of the Sturgeon 

has is highly buffered and retains a stable pH value. 

There was a drop in pH during the fertilization period. It is 

doubtful if this was the result of the addition of fertilizer. The 

quantity of fertilizer added to the stream was not large. The water 

level nuctuated during the period the pH dropped and may have influenced 

the pH values. 

Phosphorus. The West Branch of the Sturgeon River is low in 

phosphorus. The prefertilized values for total phosphorus ranged from 

zero to twenty p:1rts per billion (table 6 and Fig. X). The higher 

values occur during periods of high water. During the stable water 

periods of late July, the range drops to zero to seven parts per billion. 

This is extremely low when compared to the total phosphorus content of 
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Table 3 

TOTAL HARDNESS OF THE WEST BRANCH OF THE srURGEON 
RIVER, 1957, EXPRESSED IN PARTS PER MILLION 

Date Station Station Station Station Station 
6 8 

June 27 192 190 190 188 
July 4 175 168 170 173 

II ll 194 196 194 193 
n- 18 187 18? 186 196 
II 25 194 195 193 197 197 

Aug. 1 194 195 193 196 197 
II 8 196 192 191 193 193 
II 10 196 196 201 200 
II 11 -- 196 196 202 196 
II 12 197 196 199 200 
II 13 194 196 196 196 
II 14 193 192 194 195 
II 15 194 195 194 19? 197 
II 16 193 195 195 196 
n 17 193 193 . 193 195 
II . 18 196 192 195 197 
II 23 199 196 196 197 
II 29 199 196 196 197 

Sept. 5 192 194 193 195 
II 11 195 196 195 196 
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Figure VIII. Fluctuations in total hardness of the West Branch 
of the Sturgeon River, 1957. 
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Table 4 

HYDROGEN-ION CONCENTRATION EXffiESSED IN pH, OF THE 
WEST BRANCH OF THE STURGEON RIVER, 19 57 

Station 
Date Ja 6 7 8 9 

June 27 8.2 8.J 8.J 8.J 
July 4 8.1 8.2 8.2 8.2 

II 11 8.1 8.J 8.J 8.J 
II 18 8.o 8.J 8.J 8.2 ---
II 25 8.1 8.J 8.J 8.J 8.J 

Aug. 1 8.2 8.J 8.J 8.J 8.J 
II 8 8.1 7.9 8.o s.o 8.o 
II 9 7.8 8.0 
II 10 7.9. 7.9 7.9 8.o 
II 11 7.9 7.9 7.9 7.9 
11 12 8.2 8.1 8.2 8.2 
11 13 8.J 8.2 8.2 8.2 
II 14 --- 8.J 8.2 8.2 8.2 
II 15 8.1 8.2 8.J 8.1 8.2 
II 16 8.3 8.J 8.2 8.;2 
n 17 8.2 8.2 8.2 8.2 
II 18 8.1 8.2 8.2 8.2 
II 23 8.4- 8.4 8.J 8.J 
11 29 8.J 8.J 8.2 8.2 

Sept. 5 8.4 8.J 8.2 8.J 
II 12 8.2 8.2 s.2 8.2 --
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Figure IX. A graph showing pH values for various stations on 
the West Branch of the Sturgeon River, 1957. 
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Minnesota rivers. Nineteen rivers in Minnesota had a tota1 phosphorru, 

content of fifteen to sixty-three µi.rts per billion (Smith and Moyle, 

1944). 

Welch (1952) says that generally hard-water lakes have a higher 

productivity than soft-water lakes. In view of the low phosphorus 

content it was hypoth~sized that this was the major factor inhibiting 

the stream's pr<Xiuctivity. 

The calcul.a.ted input of phosphorus during fertilization fluctuated 

(table 5). This fluctuation is due to changes in the hydrostatic 

pressure of the fertilizing apparatus and mechanical difficulti~s encoun

tered. There was a slow decline in the phosphorus added as the fertil

ization apparat~s emptied. The lowest addition of fertilizer occurred 

a short time before the apparatus was recharged with addition fert

ilizer the next day. 

Taking these fluctuations into account, there was a delay in the 

phosphorus reaching a given station downstream. Checks made with 

sodium fluorescene dye indicated that the water-mass from Station 6 

arrived at Stations 7 and 8 in two and a half and four hours respec

tively. At sts.tion 6, approximately five hundred yards downstream from 

the point of fertilization, detectable changes in phosphorus didn't 

occur until after twelve hours. Maximum recorded values didn't occur . 
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Table 5 

CALCULA.TED AMOUNTS OF PHOSPHOIWS ADDED TO THE WE5'T 
BRANCH OF THE STURGEON RIVER, 1957 

Time 

2:45 pm 
2:00 pm 
1:-20 am 
Noon 
10:00 am 
10:00 am 
10:00 am 
10:00 am 
11:00 am 
10:00 am 
8:00 pm 
9:)0 am 

estimated time 

Parts Per Billion of Pposphorus 
Low Value Recharged Values 

39 
0 

65 
65 
65 
59 
59 
59 
59 

of flow stoppage; 4:00 am. 

78 
78 
78 
78 
81 
78 
78 
78 
78 
78 
78 
71 
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Table 6 

TOTAL AND ACID-SOLUBLE CONCENTRATIONS OF PHOSPHORUS IN THE WEST BRANCH 
OF THE STURGEON RIVER, 1957; EXPRESSED IN PARTS PER BilLION 

Date Station 3a station 6 station 7 Station 8 Station 9 
T..Qtal Sol, Total Sol, Total Sol, Total Sol. Total Sol, 

June 27 11 -- ll -- 20 -- 9 
July 4 ll -- 17 - 13 -- 17 

II 11 l -- 6 -- 5 -- 5 
II 18 6 -- 4 - 4 --- 4 
II 25 8 -- 7 -- 5 -- 5 -- 7 --

Aug. l 4 -- 3 -- 2 -- 5 -- 0 
II 8• 14 -- 12 -- 16 -- 16 -- 9 
II 8 (PM.) -- -- 12 0 12 7 12 l 12 3 

Midnight -- -- 1 4 -- 0 10 1 9 0 
Aug. 9 

5:35 AM -- -- 21 8 18 13 15 J - 0 
9:00 AM -- -- 23 -- 18 13 13 8 7 6 

Aug. 10 -- -- 19 16 19 15 13 7 -- 2 
II 11 -- -- JO 5 34 24 .50 26 27 13 
II 12 -- -- 71 6o 50 32 32 26 37 16 
11 13 -- -- 71 61 55 42 47 35 32 26 
II 14 -- -- 68 66 39 32 47 26 39 17 
II 15 10 3 50 48 -- 3.5 29 29 25 19 
II 16 -- -- 37 Y+ 65 66 33 28 27 19 
II 17 -- -- 9 1 17 2 25 15 26 15 
II 18 -- -- 5 0 5 0 5 0 10 2 
II 23 11 -- 14 -- 11 -- 13 
II 29 20 -- 12 - 14 -- 21 -- - -

Sept. 5 9 -- 10 - 11 -- 8 
II 12 11 -- 12 -- 10· -- 12 

- ~ 
• Values for bef ore fertilization treatnent was started on that day. \J\ 
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for three and a half days (Fig. XI). 

Maximum values r .~mained significantly unchanged for two or three 

days and then began to drop off. This decrease in phosphorus held 

true for all except Station 7. Once fertilization was stopped the 

phosphorus conterit rapidly fell off and within twenty-four hours was 

back to prefertilization levels.-

These nuctuations provide for interesting hypotheses concerning 

the distribution of phosphorus within the stream. The delay in phos

phorus may have been the result of precipitation. Precipitation of 

phosphorus_ took place in Hoffman Lake (Plosila, 19.58). Alexander (1956) 

postulated that this was in the form of tricalcium phosphate. This was 

in the form of a white nocculant material. A similar white noc was 

observed to appear on a log at the point of fertilization, during 

periods when the stream of fertilizer didn't enter the stream's main 

channel. The precipitation of phosphorus may account for the disaP

pearance of a portion of the fertilizer. It is hard to believe that 

the constant turbulance of the stream would allow a large amount of this 

floe to settle out to the bottom. 

Another possible solution to the problem of phosphorus disappear

ance may be the binding of phosphate ions or compounds on to the soils 

of the stream bed. It has been shown by Hepher (1958) that soils, 

especially those rich .in calcium, can readily remove phosphorus from 

water. Another source for the removal of the phosphorus may be organ

isms in the stream. The combination of soil and plant uptake may be 

quite rapid (Hepher, op. cit.; Hutchinson, 1957). The streams volume 

is rapidly mixed. Within a hundred yards, nuorescene dye in:iicated 

that the water was mixed thoroughly throughout the cro3s-section of the 
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Figure XI. ~luctuations in quantities of phosphorus added to 
the river arrl amounts of phosphorus detected at 
various stations during the period of fertilization. 
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stream. This would assist the phosphorus making contact with the 

stream's soil atrl organisms. 
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After this period of accumulation of phosphorus there was a 

leveling off of detected phosphorus at the stations. After this period 

of stability, the phosphorus content began to drop rapidly while the 

addition of phosphorus remained basically the same (Fig. XII). This 

could not be very well attributed to the original postulations on slow 

build-up. Once the stream reached its maximum content or saturation 

it would appear that the downstream flow would remain relatively 

constant. 

A possible solution to this lies in the per1phyton of the stream. 

Previously obscure species of algae may have been able, with increased 

nutrients, to overcome competition from the loN nutrient favored forms. 

This population would exhibit the typical sigmoid growth curve of an 

increasing population; with its characteristic period of lag followed 

by a period of rapid population increase (Lotka, 1956). Once the 

period of rapid increase began to take place the population would be 

able to utilize increasing amounts of phosphorus= thus creating a down

ward trend in the water's content of phosphorus. 

The results of· phosphorus determinations indicate that the post

fertilization phosphorus content of the stream was somewhat higher than 

the pre-fertilization levels (Fig. X). This may be the result of relea

ses of phosphorus previously tied up by an increased starrling crop of 

periphyton or releases from non-organic combinations. Unfortunately 

higher water leveln (Fig. Vil), may create this imprt,ssion. It was 

observed in early S\llTlrOOr that high water created high phosphorus read

ings. This is probably due to run-off water and increased suspended 
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Figure XII. Graph of grouped data showing general trends of the 
phosphorus content at various points downstream 
from fertilization • 
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organic materials. 

Ammonia~ Failure of tests to detect ammonia concentrations, 

indicates that ammonia was considerably lower in the West Branch of the 

Sturgeon River in 1957 than in previous S1.llTIITErs {Grzenda, 1955; Colby, 

1957; Carr, M.S.). Results of phosphorus-nitrogen ratio studies on the 

river in 1957 {Correll, M.S.) showed a 1:10 ratio with no significant 

changes due to fertilization. Thus it appears that ammonia is only a 

small portion of the river's nitrogen. The nitrogen utilized in the 

river's metabolism is probably in the form of a nitrate. Nitrates are 

readily utilized in plant production. 

Biological 

Periphyton. In most insta~es the introduction of additional 

nutrients will increase the production of an area. One of the primary 

concerns in this study was to oetermine whether an ecological system 

. like the West Branch of the Sturgeon River would respon1 to an increase 

in phosphorus nutrients. In previous years the responses of plankton 

in Hoffman Lake varied. Alexander (1956) observed no detectable changes 

in planktonic organisms in 1954. Similar results occurred in 1955 

(Anton, 1957). Plosila (1958), in a study in 1956, observed an increase 

in organic materials in the lake I s water. He contributed th is increase 

to a combiration of fertilizer responses, more efficient technique and 

normal fluctuations. 

Periphyton responded significantly in Hoffman Lake in all three 

years {Plosila, 1958). In the West Branch of the Sturgeon River, 

Grzenda (1955) found a statistically significant increase in the stream's 

standing crop of periphyton following fertilization of Hoffman Lake in 
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1954. The results of 1955 studies are sorrewhat obscured. Colby (1957) 

fourrl that bricks used to collect a thirty-day accumulation of periphyton 

actually showed a decrease in standing crop after fertilization. Shing

les which were replaced on a weekly basis responded positively to fert

ilization. Colby (op. cit.) attributed these differences to various 

ecological factors, namely, a limitation in growth due to the length of 

time and amount of organic matter accumulated. Carr (M.S.), , in 1956, 

found a general increase in periphyton samples after fertilization. 

The technique of collecting periphyton from an artificial sub

strate is not a direct measurement of production. The procedure embod

ies the collection of an accumulated stariding crop over a uniform period 

of time, which is then used as an index of productivity. The larger the 

standing crop for a given period of time the greater the rate of 1 produc-

tion. 

In 1957 direct fertilization of the stream produced large increa

ses in the periphyton. Station 7 exhibited approximately an eleven 

hun:lred percent increase in periphyton over the two week period prior 

to fertilization. Stations 7 and 8 showed increases in the order of 

five hundred an:l seven hundred percent respectively (Fig. XIII). 

There are wide fluctuations in the amount of periphyton per art

ificial substrate at a given tuoo (see appendix). These fluctuations 

are probably the result of differences in micro-habitats occupied by 

each shingle. The shingles have shown these variations with visual 

observations. So~ shingles "WOuld exhibit nearly bare surfaces, others 

would have dense layers of silt and debris, while others would have 

filaments of algae attached. 

Four extra shingles placed in the stream, one each at Stations 
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Figure XIII. Changes in standing crop of reriphyt9n at various 
stations. 
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· 6 and 7, before and during fertilization, were used to collect taxon

omic material. This material was checked by Dr. G. W. Prescott arrl 

was composed chiefly of diatoms. Two desmids were found but their 

numbers were relatively low when compared to the dtatonl8 present. 

It was necessary to run statistical tests on the pigment extrac

tions to determine if the fertilizer had any long-term influences on 
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the periphyton. The occasional loss of a shingle, making unequal groups, 

didn't allow normal statistical tests to be used. The data were tested 

for each station throughout the summer and then for each date of collec

tion throughout the stations. 11F0 - tests were used to find those groups 

not significantly different at the :five percent level. Groups failing 

to pass this "F"-test were submitted to the "Multiple Range Test"5 

as outlined by Duncan (1957). This test is a "null-hypothesis" test 

designed for heteroskedastic means; i.e •• means derived from samples 

with unequal replications. The basic principle of the test is to group 

together the means that are not significantly different. The results or 

this test were determined at the five percent level. Chart XIV presents 

a s1.m1m.u7 of "F" and "Multiple Range Tests". 

The results of these tests removed sore doubts as to the stability 

of Station 3a as a control station. This station exhib1ted an abrupt 

rise in periphyton during the period of fertilization or the downstream 

stations. During this period, :filamentous forms of' algae, Spirogyra 

and Mougeoti4l. appeared at Station Ja. An 11F 11 -test indicated that these 

filamentous growths were not s igni:ficantl.y adding to the pigment extrac

t ions • . After the period of fertilization, Spirogyra and Mougeotis were 

5 Set-up. discussions and results of the 1ndividua1 "Multiple 
Range Tests", are presented in the appen:lix. 
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seen to appear for about three weeks at Stations 7 and 8. 

There was an i.n:iication or more pigment from the artificial sub

trates following fertilization than from the y::eriods before fertiliza

tion. This may indicate some residual influences of the fertilizer. 

The multiple range tests failed to separate Stations 6 and 7 from the 

pre.tertilized values after the initial fertilized period. Multiple 

range tests on data from Station 8 show a signtl'1cantly lower amount or 

pigment following the fertilized period. This did not reach a point as 

low as the prefertilized levels. Thence, station 8 had an increased 

standing crop of periphyton for a ~riod following direct fertilization 

greater than that at Stations 6 and 7. This may be the result of 

regeneration of phosphorus that was previously boun:i in an upstream 

per1phyton crop and was released by decomposition. 

Swnmarizing the results of periphyton ana.ly~es, one finds a la.rge 

immediate response to the fertilizer that in all probability exceeds 

any natural nuctuations. There are indications that the fertilizer 

may influence periphyton production for some time following fertili

zation. 

Bottom fauna. The dynamics of the bottom fauna is a mcst complex 

facet of limnology. Competition, predation, life-cycles, mbitat and 

variety of organisms all. add to the complexity of analysis of tm 

population. The fauna of tm benthos is one of the important linkages 

between primary production and fish production. Trout consume very 

little of the primary prcduction an:i depend on the invertebrate an1mals 

for mast of their food. Insects compose most of the macro-invertebrate 

fauna of the West Branch of the Sturgeon River. Annelids are next in 

,,
1
, abun:iance and crayfishes (decapoda) and scuds (amphipoda) are except-
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ionally low in numbers when compared to other aquatic habitats. 

Hoffman lake exhibited imreases in numbers of organisms in 1956 

(Plosila, 1958). Whether or not this rei"lects responses to fertiliza

tion remains obscured becaree of changes in technique in removing 

organisms :from the samples. In 1956 the II noatation-method" fowrl more 

organisms than the previous years "hunt-and-pick" methcd. The total 

standing crop biomass showed a decrease in 1956 when compared to 1954-55 

results. Pl.osila (op. cit.) contributes this change to variability 

in volumetric determinations. Studies were performed on the growth 

rates of a b~owing mayfly, Ephemera fiimulaps. These studies indicated 

an increase in growth rate in 1955 over 1954 studies; but 1956 data 

indicated a rate similar to unfertilized valoos. 

Measurements of volumes of standing crop of macro-invertebrates 

were used to determine tren:is in secondary production of the West 

Branch of the Sturgeon River in 1957. In previous years (1954-56) 

studies on various taxonomic groups were based primarily on numbers. 

This procedure produced results that are highly depen:ient on life

cycles. This is especially evident in those species in which the 

individuals are small but numerous. A species that is in the adult 

phase of its life-cycle fails to appear in the samples. Early instars 

will appear in increasing numbers in the samples as they reach a size 

large enough to be taken by our sampling methods. Many species have 

their adult or terrestial phase of the life-cycle in June am July. 

The immature specimens began to appear in late sUJllIOOr in increasing 

nWllbers. This may readily produce an inaccurate estimate, based on 

nWllbers, of the insect population response to fertilization. The post

fertilization period is in Aug\l!!lt an:l September when sampling obtains 
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increasing numbers of insects. 

Total numbers may also distort estimates of total standing crop 

in another way. The majority of the stream• s organisms are small. It 

takes many small organisms to equal the value of a large organism in 

terms of food required to produce the organism and food value for the 

organisms' predators. It was believed that a study- based on the biomass 

of benthic organisms would prGVide a valtd picture of secondary produc

tion dynamics. Volumes were taken instead of weights. Ball (1948) 

foun:i that weights and volume are very s:1Jllilar am ma;r be considered as 

imterchangeable. 

Station 8 is the only station used fer all four years of stud;r. 

A revtew of the tetal volwne of bottom fauna ef this station (Fig. XV) 

indicates wide nuctuations between sampling dates and years. These 

fluctuations may be attributed to a combination ef several factors. 

In 19.54 and 1955 slightly different transects were used. In these twe 

years three transects were used with four evenly spaced samples along 

them. This distribution of samples, places more sampling weight (5~ 

of the samples) near the bank. Near the bank increased silt ani fine 

particle deposits support the burrowing ephemerids. which add consider

able quantities to the volumes. Normal yearly ani life-cycle nuctu

ations account for other variation. Changes in picking of samples may 

cause still. other fluctuations. In the present study the "fioatation

method11 was used while in previous years the "hunt-and-pick" method was 

used. General trends show a slight decrease in total volume 1.n 1957 over 

other years. 

The data from the four stations ~ed in 1957 (Stations Ja, 6, 7 

and 8) show wide fluctuations between stations. Stations? and 8 are 



Figure XV. Results of bottom fauna sampling from Station 8 
for the years 1954, 1955, 1956 am 1957. 

~ 



..:......,_
·'-

· 

IQ
 

0 

'· ' 

··.· ..
 ··'. ,, 

•.,. 

' \ \ \ .\.;.··· 
··., \·· .. 

\ ·· ... 
\ 

· .. .. 
\ \ } 

' ' 
...... ,-.... . 

.. ... . 
.... :. 

...... -·--c;,... 
I 

•. 
. 

I 
. 

I 

I 
I 

I· .. 

' '· 
/ 

/ 

'· ..... 

I 
I 

I 
·,.. 

I 
\I 
/·. 

I · .. 
,( 

~ 

' ' ' 
· .. 

>
 "·-~ '· .. ,· .. , ... ""'· '~

 ~ 
/ 

: 
....... '· ....... ..... 

' 
"" 

/ 

''\ ~~ ... 
... ··, . 

.. 
.,. 

. · 
\>

 
• 

• 
_.,. . .,. 

_,._., rq 
0 

(\J 

d 

. . . 

(S
Y

3
J

.1
1

1
1

7
 I W

) 

d 

LO
O

~ 
3

~
~

n
o

s 
~

3d 
3~

nlO
A

 N
~3~ 

en 
N

 

0 ~ 

0 "'► _. 

0 0 ~ 

Q
 

0 

::, 
.., "' z ::, 
.., 

z 0 t(.) 
w

 
...J 
...J 
0 (.) 

w
 

...J 
Q

. 
~
 

<t 
en 

LL 
0 w

 
~
 

C
l 

v 
IO

 
It) 

It) 
en 

en 
-



66 

relatively stable an:i generally similar in volume trends (Fig. XVI). 

Station 6 is stable prior to fertilization. This period or stability 

is followed by a trend upward :for two sampling periods following fert

ilization an:i then a return to near prefertilization levels. That this 

UfMard trend is a response to the increased periphyton production at 

Station 6 :following fertilization is very questionable. 

Station Ja. the control, shows an upward trend also prior to and 

during this period. Station Ja exhibited a higher standing crop than 

other stations throughout the season, except for July 19 when the values 

dropped near those of the other stations. Station 3a exhibited more 

specimens of the large insects; namely Odonata arrl E,2hernera simulans. 

These large organisms contributed to the increase in volumes. 

It may be advantageous to remove the large Odonata from the samples 

and thereby reduce the means and the variance of the samples to compare 

more closely with those of the other stations. This does not appear to · 

be ecologically sound. The Odonata are predators on other bottom fauna 

and thereby have consumed man;r other organisms to support their own 

growth. Odonata considered with other organisms in terms of proiuction 

may reduce estimates of production based on staniing crop. 

Table 7 shows the results of a two-way analysis of variance JBr

formed on the volume measurements. This analysis is based on the method 

of Snedecor (1956). "F" values for stations were obtained by using the 

mean square value for II stations" as the numerator and the ~an square 

of the error as the denominator. This is based on the concept that 

station values are from random points; i.e., any number of possible 

riffles may have been selected for sampling and an infinite nUlllber of 

points may have been sampled within the riffie. "F" values for season 



l:. 

Figure XVI. The mean total volume of bottom fauna sampled at 
various stations in 1957. 
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Table 7 

TWO~AY ANALYSIS OF VARIANCE ON roTTOM FAUNA 
COI.LECTED FROM STATIONS 3a, 6t 7 AND 8 

Source of Sum of Degrees Mean 
variation Squares Freedom Square 

Total 30.1442 239 0.1430 

Seasons 
(row means) 1.4549 5 0.2910 

Stations 
( column means) 9.949 J 3.3136 

Interact ion J.3734 15 0.2249 

Subtotal 
(subclass) 14.7773 23 0.6224 

Within groups 
(error) 15.3669 216 0.0711 

"F" 
value 

1.29• 

46.57•• 

* value not significantly different at five percent level. 

** value exceeds J.78t thus the means are significantly 
different at the one percent level. 
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changes were determine~ with ~an square values from seasons and inter

action as numerator and denominator respectively. In this instance 

seasons are natural and . not influenced by sampling procedures. As a 

result of this analysis of variance, changes were not detected from one 

sampling period to the next. Extreme variation was found to lie between 

the various stations. 

Samples were also collected from beds of Chara spp. at Station?. 

There was wide variation in the population structure of each sample 

(table 8). The dominant invertebrate organisms were pteronarcys Rictetti, 

Odonata, Corydalidae, Diptera, Hexagenia recurvata and various Annelida 

of which Oligochaeta were most consistently dominant. 6 A total of nine 

families of Tricoptera were obtairnd, but their numbers and distribution 

are inconsistent. In the twenty-four samples taken only one scud, Gamm

~ spp., was foun::i. Nine · families of Diptera were recorded with 

tendipedids having the greatest (96%) frequency. 

Volumetric measurements on these samples were taken when sufficient 

numbers in the various ta:xa were accumulated to provide a reasonable 

accurate measurement. Taxa not providing enough displacement were 

considered as a trace and disregarded in the final statistics. These 

small groups contri1:ute very little to the total biomass. 

The total biomasses of the samples from beds of Chara, are con

siderably higher than those from an equal area in a gravel riffle. 

Table 9 presents comparisons of volume of organisms from equal areas in 

the riffle and Chara beds at Station?. The average square foot or 

Chara was found to support over five times the quantity that a square 

6.For a complete list of taxa. fourrl in sampling beds of Chara, 
see appendix. 



Table 8 

BOTTOM FAUNA COLLECTED FROM CHARA-BEDS, WEST BRANCH OF THE STORG:OON RIVER, STATION 7, 19 57* 
(PREFERTlLIZATION) 

DATE I July 3 I July 16 & 17 
SAMPLE NO. 1 2 ~ 4 1 2 3 4 5 • 6 7 8 -TAXA 

VERTEBRATA 
Entos~nenQ~ 

J.~o:tt!ll:O!~ o/o o/o 1/48·. 1/42. o/o o/o o/o 1/18. o/o l/.u o/o o/o 
cottus 

bairdii 2/.06 1/t 3/.10 1/1.10 1/.05 3/.74 o/o 3/.10 o/o 5/.10 3/.08 3/.14 
PLECOPTERA 
Pt~rom;cgD 

12ictetii o/o 3/.16 . 1/.09 3/.17 7 /.79 1/.09 2/.14 5/.35 .1/t 2/.14 o/o 6/.15 
Miscellaneous o/o o/o o/o o/o o/o o/o o/o 1/t 2/t o/o o/o o/o 
ODONATA 
Libelluidae 1/.05 o/o o/o 2/.08 o/o o/o o/o o/o o/o o/o o/o o/o 
Cordcl.egasteridae o/o o/o o/o o/o 1/.70 o/o o/o o/o 2/1.10 o/o o/o o/o 
Gomphi.dae o/o o/o o/o o/o o/o 1/.15 o/o o/o o/o o/o o/o 1/.JO 
MEGALOPTERA 
Corydalidae 5/.39 5/.44 3/.50 o/o 4/.27 1/.08 o/o 4/.26 1/.09 o/o 2/.11 1/.05 
Sialidae o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 1/ .06 
TRICOPTERA 

Brachyentridae 2/.06 o/o 1/t 5/.07 2/t o/o 7 /.20 o/o 8/.10 4/.14 6/.15 8/.08 
Hydropsychidae o/o 2/.04 o/o o/o o/o o/o 1/.02 o/o o/o o/o o/o o/o 
1€ptoceridae o/o o/o o/o 1/t o/o o/o o/o o/o 1/t o/o o/o o/o 
Psychomyiidae o/o o/o o/o o/o 1/t o/o o/o o/o o/o o/o o/o o/o 
Phryganeidae o/o o/.b o/.o o/o 1/t o/o o/.o o/b o/o o/o o/o o/o 
Molannidae o/o o/o o/o o/o 0/10 o/o o/o o/o o/o o/o 1/t o/o 
Miscellaneous ozo o/o o/o o/o o/o 010 - 1/t o/o 1/t o/o o/o 2/t 

--.J 

• number of organisms/volume of organisms in milliliters. 
I-' 



Table 8 

:OOTTOM FAUNA COLLECTED FROH CHARA-BEDS, WEST BRANCH OF THE STURGOON RIVER, STATION 7, 1957 (continued)* 
{PREFERTILIZATION) 

DATE 
I 

July 3 I July 16 & 17 
SAMPLE NO. l 2 3 4 1 2 3 4 5 6 7 8 
TAXA 

DIPTERA 
Tendipedidae 7/t 14/t 4/t 1/t 25/.10 9/t 32/.15 5/t 40/.18 1/t 13/.07 1/5 
Rhagionidae 3/.13 1/t 8/t 5/.10 4/t o/o 5/.08 2/.04 2/.06 o/o o/o o/o 
Tabanidae 6/.08 1/t o/o 1/t o/o 1/t 10/.25 o/o 4/.10 1/t 6/ .20 o/o 
Anthomyiidae o/o 1/t o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 
Tipulidae o/o o/o 1/t o/o o/o o/o o/o o/o o/o o/o o/o o/o 
Heleidae o/o o/o o/o 1/t 4/t o/o 5/t o/o o/o 1/t 1/t o/o 
Ptychopteridae o/o o/o o/o o/o o/o o/o o/o o/o 1/.10 o/o o/o o/o 
EPH™EROPTERA 
Baetidae 18/ .13 5/ .07 17/ .15 1/5 6/.05 1/t 4/t o/o 2/t 1/t 2/t 1/t 
He;is;5H:;eni,a, 

t~gurvata, 1/t o/o o/o 5/ .29 2/t o/o o/o 1/ .07 ta/2.3 12/ .50 10/ .64 4/ .24 
E:gb~mera 

s1.mulians o/o o/o 1/t 1/.08 o/o o/o o/o 3/.20 o/o o/o o/o 5/ .19 
COLE',OPTERA 

Elmidae 1/t o/o 1/t 1/t 10/.08 1/t 1/t o/o o/o o/o o/o o/o 
MISCELLANEOUS 
Annelida 3/.32 J/.39 1/t o/o 1/.11 J/.10 o/o 3/.34 o/o 2/.60 o/o 1/t 
Leeches o/o o/o o/o o/o o/o o/o o/o o/o 6/.43 1/t 0 /.0 3/.08 
Arachnidae o/o o/o o/o o/o 1/t o/o o/o o/o o/o o/b o/o o/o 
OLIGOCHAETA 204 fil... lli ~ 

81 167 278 lZl 171 ~ 189 141 
.26 .18 .57 .09 ~34 .JO .27 .20 .J2 .50 .J5 

TOTAL** .ill 1J.§. 289 125 ill ~ 1±2 19.S. 289 m 210 m 
1.42 1.28 1.31 1.05 2.19 .? 1.14 1.53 4.65 1.70 1.67 1.6!~ 

---J 
N 

• number of organisms/volwne of organisms 1n milliliters •• exclusive of vertebrata 



Table 8 

BOTTOM FAUNA COLLECTED FROM CHARA-BEDS, WEST BRANCH OF THE STURGEON RIVER• STATION 7, 1957 • 
(POSTFERTILIZATION) 

DATE I August 27 I September 10 & 11 
SAMPLE NO. 1 2 J 4 1 2 J 4 5 6 7 8 -TAXA 

VERTEBRATA 
Entos12h§nQUS 

J.a.mott~n12. o/o o/o o/o 2/1.66 o/o o/o o/o 2/.20 o/o o/o o/o o/o 
Cottus 

ba,i,;cdi1 1/.04 1/.04 1/.10 3/1.97 2/.39 1/.11 3/.71 8/1.64 4/.68 4/.65 2/.55 o/o 
PLECOPTERA 
Pteronarc::£~ 

121ct~:t~i 2/.60 1/t o/o o/o 2/ .05 7/.61 1/.09 o/o 2/.07 o/o 2/.44 5/.41 
Miscellaneoµs 2/t o/o 2/t o/o 3/.07 2/t 4/.oJ 1/t 4/.03 1/t 4/.07 6/.13 
ODONATA 
Libelluidae 0/0 o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 
Cordulegasteridae 1/.08 1/.61 o/o o/o 1/.58 o/o 1/.54 1/t o/o o/o o/o o/o 
Gomphidae o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 
MEGALOPTERA 
Corydalidae 2/.19 o/o o/o o/o 1/.35 l/.4J 1/.11 1/.05 o/o 1/ .18 o/o 6/.4o 
Sialidae o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 
TRICOPTERA 
Brachycentridae 1/t 2/.05 1/t o/o 3/.08 2/t 1/t 1/t o/o 3/t 4/t o/o 
Hydropsychidae o/o o/o 1/.08 o/o o/o 5/.10 01,0 o/o o/o o/o 8/.13 J/.05 
Leptocaridae o/o o/b o/o o/o o/o o/o 4/.05 o/o 1/t J/t o/o 7/.10 
Psyc homyi idae o/o o/o o/o o/o o/o o/o o/o o/o 1/t 4/t o/o o/o 
Phryganeidae o/o o/o o/o o/o 1/t o/o o/o o/o o/o o/o o/o o/o 
Molannidae 3/.06 1/t o/o 3/.05 1/t 5/.1J 2/t o/o o/o 2/t o/o o/o 
Limnephilidae o/o 1/.14 o/o 2/.04 2/.14 o/o o/o o/o o/o o/o o/o o/o 
Rhyacophilidae o/o 2/.17 o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 
Philopotomidae o/o o/o o/o o/o 2/t o/o o/o 1/t 2/t o/o o/o 2/t --..J 

1...-> 
Miscell s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -~ • number of organisms volume of organisms in milliliters 
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Table 8 

BOTTOM FAUNA COLLECTED FROM CHARA-BEDS, WEST BRANCH OF THE STURGF.ON RIVER, STATION 7, 1957 (continued) • 
(POSTFERTILIZATION) 

DATE 
SAMPLE NO. 
TAXA 
DIPTERA 

1 
August 27 

2 1 4 

,........_~-~~ .-..::J ... ~....,_'.'WrlJ~ 

September 10 & 11 
1 2 3 4 5 6 7 8 

Tendipedidae 9/t 4/t 2/t o/o 5/t 15/.07 7/t 2/t 3/t 10/t 4/t 3/t 
Rhagionidae 2/t 5/t 1/5 1/t 2/t 12/.10 10/.05 1/t 5/.04 1/t 9/.07 5/.10 
Tabanidae 1/t 2/.15 o/o 2/.08 1/04 2/.10 2/.16 o/o o/o 4/.08 o/o 4/.09 
Anthomytidae o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 
Tipulidae 2/.4-0 1/.74 o/o o/o 2/.07 o/o o/o 1/t o/o o/o o/o 1/.15 
HP.leidae 6/t o/o 1/t 1/t 6/t 16/t 10.t n/t o/o n/t 8/t J/t 
Ptychopteridae 2/.07 o/o o/o o/o o/o o/o o/o o/o 1/.06 o/o o/o o/o 
stratiomyiidae 1/.15 o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 
Simulidae o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 1/t o/o 
EPHEMEROPTERA 
Baetidae 1/t o/o o/o o/o 4/t 9/t 1/t 2/t 5/t 7/t 16/.06 10/.10 
Hexagenia 

recurvata 9/.75 2/.07 o/o 4/.J4 12/.65 7/.43 1/.05 21/1.06 42/2.3 18/.43 o/o 12/.13 
Ephemera 

simulians 2/.13 o/o o/o 1/.07 o/o o/o o/o o/o 1/.04 1/.05 o/o 1/.04 
Heptagenidae o/o o/o o/o o/o 1/t o/o o/o o/o o/o o/o o/o o/o 
COLEOPTERA 
Elmidae 1/t o/o 1/t o/o o/o J/t o/o 1/t 1/.t 1/t 2/t o/o 
Dytiscidae O/O o/o o/o o/o o/o o/o o/o o/o 1/t o/o o/o o/o 
MISCELLANEOUS 
Annelida o/o 1/.10 o/o o/o 1/.JJ 1/.56 o/o 1/.05 o/o o/o 1/.07 2/.15 
Leeches o/o o/o o/o o/o 1/.04 o/o o/o o/o 3/.05 o/o 1/.30 o/o 
Arachnidae o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o o/o 
GPJ-IMARUS o/o o/o o/o o/o o/o o/o - o/o o/o 1/t o/o o/o o/o 
OLIGOCHAETA .ill ~ &,. 205 ZJ-2 fil 20Z, l.Q.5. J&l. 446 986 .i22 

_ .26 .18 .11 .30 .4-0 .52 .52 ,50 ,4o l,'30 1.0] ---·~6 .. 
'?OTAL** ~8 f56 :t§ ~ ~o ~3 ¥.to ~6 &s ~4 ½~41_ __ 2:36. 
• number of organisms/volume of organisms in milliliters •• exclusive of Vertebrata 

-,J 
+=" 
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root of gravel rif'fie supports. 

statistical analysis on the total biomass of the "Chara-samples" 

indicated no differences throughout the summer. An "F"-test value of 

1.48 in::licated that the periods were not significantly different at 

the five percent level. Gross examination of the data (Fig. XVII) 

indicates that there was a tendency for an increased standing crop 

Table 9 

COMPARiroNS OF TOTAL VOLUME CF ORGANISMS COLLECTED PER SQUARE FOOT 
IN A GRAVEL RIFFLE AND FROM BEDS OF CHARA, AT STATION?. 

Collection Mean volume (ml.) per square foot 
Period gravel rifne Chara 

July 3-5 o.87 1.60 
July 16-19 o.4o 2.43 
August 27-30 0.21 1.93 
September 10-13 0.21 2.96 

75 

as the summer progressed. The sampling period means fluctuated around 

the total sample mean of 1.88, milliliters per sample. 

The volume data of the Oligochaeta were submitted to a series of 

statistical tests. Oligochaetes were found throughout the study and 

do not exhibit the life-cycle changes of the insects. Their stable 

life-cycles, when compared to other benthic organisms, will provide for 

a less complex phase in population dynamics. It was believed that a 

smaller taxonomic group with a relatively simple life-cycle may irxiicate 

fertilization responses that may be obscured in the larger arrl complex 

total group. A preliminary 11F11-test indicated changes in the startling 

crop biomass at the five percent level. A "Mt1ltiple Range Test" as 

devised by Duncan (1957) was then performed on the data. This test 

separates the means into groups that are not significantly different. 
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Figure XVII. Total volumes of invertebrate organisms sampled 
from beds or Chara, at Sta.tion 7. 

'"·· · ';,-. .- ,· ~ 
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The design of the test is presented in table 10. The results , of this 

test indicated two groups of means far the Oligochaeta volumes. One 

group group included all sampling period means except the last. The 

other group included all sampling period means except the first. This 

results in two over-lapping populations, removing any changes due to 

fertilization. 

The results of bottom fauna analysis fai1ed to indicate population 

responses to fertilization. There may have been an increase in the 

bottom fauna's prodootion rate without an i~rease in the standing crop. 

This situation may arise with more efficient p:-edation maintaining a 

similar or reduced standing crop while the production rates were increased 

(Hayne and Ball. 1956). 

Fish. Fish were collected from both Hoffman Lake and the West 

Branch of the Sturgeon River. Studies on growth am condition of the 

fish~re of prime concern. Five species of fish were collected in Hoff

man Lake; rock bass, common ~unf1sh, largemouth bass• common s u.ckers 

and yellow perch. Length-weight relationships were calculated f'rom- all 

data collected. Lengths at a given age were determined by back-calcul

ating to the last complete annulus. These lengths were determined for 

fishes where ages were certain. Fishes whose age determinations were 

uncertain were rejected. 

Fertilizer was applied to Hoffman Lake first in the summer of 19.54. 

Values for the fish studies in 19.54 (Alexander, 1956) are for fish that 

failed to have the possible bemfit of increased nutrition. Fish length 

values are delayed for one year; 1957 mean lengths at the last annulus, 

were for the end of the 1956 growing season. The condit1on of the f~h 

is dependent on the year when too fish were collected. Thus, 1957 



a) 

b) 

Table 10 

· FIVE PERCENT "MULTIPLE RANGE TEST" ON MEANS OF OLIGOCEEATA 
SAMPLED FROM BEDS OF CHARA.* 

Analysis of Variance 

Source 
between periods 
error 

Critical values 

p (2) 
zp 2.95 

R'p 0.654 

d.:f'. 
3 

20 

(3) 
J.10 
o.687 

m.s. 
0.2332 
0.0492 

(4) 
3.18 
0.705 

s = -v'rii:s 

o. 2217 
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c) Ranked Period Means and Replication Numbers.•• 

d) 

C B A D 
0.2625 0.2963 0.3174 0.6538 

(4) (8) (Ji) (8) 

Test Sequences 

(D-C)' = .90JJ 7 • 7050, (D-B)' : 1.012 .6873. 
(A-C)' = 1.098 :> .687J • 

ABC: (A-B)' : • 0487 . ';/> .6540 

•Fora detailed explanation of the test, see Appendix. 
•• The periods of sampling are coded as follows: 

A., July J . 
B., July 16 & 17 
C., August 27 
D. , September 10 & 11 

result*** 
{BAD) 

(ABC) 

••• Two means appearing together in parentheses are not 
significantly d 1.fferent. Two means not together are 
considered different on the basis of the null-hypothesis. 
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condition factors are for an unfertilized enviro11JMnt, asswning no latent 

responses or i.n.O.uences of the fertilizer. 

Alexarrler (1956) believed that the fish population of Hoffman Lake 

was relatively small. This was based on the general success of trap

ping in which on]y yellow perch were readily taken. Recaptures were 

reportedly quite frequent. Young .fish were also unobtainable in 1954. 

Alexarrler postulated that this was due to predation by the adult popul

ations. Anton {1957) observed that fishes were also in poor condition, 

except for largemouth bass, in 1955. Anton also detected a. ten percent 

increase 1n weights for the yellow perch in 1955 over 1954. 

Plosila (1958) observed that the yellow perch maintained their 

irorease in weight in 1956. Plosila also detected what he considered 

as increases in too condition of the common sucker. 

In 1957, the capture of common suckers was diff"icult compared to 

previous years. Four weeks or trapping produced 33 specim!,ns. Small 

fish were not captured. The .total lengths at time of capture were a 

minimun,12 inches and a maximum 16 inches. These fish ranged from three 

to seven years of age. The scarcity of smaller common suckers may be 

the result of efficient predation on their population. 

The condition of suckers was improved in 1955 and 1956 over 1954. 

The respective length-weight relationship regression line formulas for 

the four years being considered are as follows: 

1954; nat.log. weight= -0.4388 • 2.J852 nat.log. length 
1955; nat.log. weight~ -1.6995 ~ 2.9183 nat.log. length 
1956; nat.log. weight= -1.4658 • 2.8318 na.t.log. length 
1957; na.t.log. weight• -0.9352 • 2.5972 nat.log. length 

A covariance analysis was perfonood on the combired data as outlired by 

Snedecor (1956) (table 11). This test in:iicated that the differences 
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were in the slopes of the irrlividual regression 11nes. This indicates 

that different size-classes gain their respective weights dispropor

tionately. Individual covariame analyses were then performed comparing 

the lims in groups of two (table 12). The in:lividual li.n3s are depicted 

in Fig. XVIII. 

A review of the results of covariame analyses indicates that the 

suckers increased their weight in 1955 and 1956 over that of the pre

fertilized period of 1954. The larger fish gaired weight more rapidly 

than the smaller fish. In 1957. a year after fertilization, the suckers 

didn1 t gain as much weight as in the bro previous fertilizect years. This 

did not drop the length-weight regression line to as low a value as 

the prefertilized year, 19.54 (Fig. XVIII). The 19.54 and 1955 11ms are 

not significantly different at the five r:ercent level. 

The c ;ommon suckers exhibited generally slow grc:Mth in compartson 

with other specimens from a similar latitude. (table 14). The scale 

samples indicated slow growth a!'ter the suckers reached a total length 

of ten inches. Table 14 presents the mean lengths for the Age Classes 

III through VIII. This table indicates a trend toward slightly increased 

growth rates in the 1957 samples over the 1956 samples. 

The rate of growth of yellow perch in Hoffman Lake is less than in 

other lakes of the Midwest ( table 14). The scales indicated this slow 

growth rate with their compaction of annuli. The closeness of annuli 

made age determination dif:':i.cult arrl unsure in maey specimens. Contest

able age determinations were rejected for age arrl growth studies. 

The length-weight regre_ssion lines for the four year studies are 

as follc:Ms: 
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Figure XVIII. Log-log transformations or length-weight relation
ships of common suckers sampled from Hoffman Lake,, 
1954, 1955, 1956 am 19.57. · 
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Table 11 

A COVARIANCE ANALYSIS FOR LENGTH-WEIGIIT REGRESSION 
LINES OF THE OOMMON SUCKERS, 1954-57 

Sum of 
Source of Variation Degrees of Freedom Squares 

Total 237 24.4352 
Due to general 

regression l 22.5886 
Deviations from 

general regression 236 1.7466 

1. Can one regression line be used for all observations? 

Gain from four separate 
regressions over 
general regression 6 0.2714 

Deviations from separate 
regressions. 2JO 1.4752 

( • 11 F11 = 7 .056, a~wer is no) 

84 

Mean 
Squares 

0.1031 

22.6886 

0.0074 

0.0452 

0.0064 

2. Can a common slope be used for the separate regression lines? 

Deviations about lines 
wi.th co111111on slope but 
fitted through mean of 
each set of data 233 

Further gains from fitting 
separate regressions 
(difference between slopes) J 

Deviations about separate 
regressions 230 

( "F" = 7 .082 • answer is no) 

0.1363 

1.4752 

0.0454 

0.0064 
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Table 12 

THE RESULTS OF OOVARIANCE ANALYSES ON 1n IENGTH - 1n WEIGHT 
REGRESSION LmES FOR COMMON SUCKERS (based on 5i level) 

Years Compared 

1954 an:i 1955* 

1954 arrl 1956** 

1954 and 1957 

1955 and 1956** 

1955 arrl 1957 

1956 an:l 1957 

* (Anton, 1957) 
** (Plosila, 1958) 

Differences in the Fish 

Weight gains greater in larger size-classes 
in 1955 than in 19.54. 

Weight gains greater in larger size-classes 
in 1956 than in 1954. 

There were no significant differemes in 
weight gains. 

There were no signU'icant differences in 
weight gains. 

All fish gained weight less rapidly in 
1957 than in 1955. 

All fish gained weight less rapidly in 
1957 than in 1956. 
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Age 

Table 13 

CAIJJULATED MEAN WEIGHTS AND LEIDTHS OF COMMON SUCKERS FROM HOFFMAN LAKE, 
1954, 1955, 1956 arrl 1957 

1954* 1955** 1956••· 

Num- Length Weight Num- Length Weight Num- Length Weight Num-

1957 

Length Weight 
Class ber ( inches) (grams) ber ( inches) ( grams) ber { imhes) ( grams ber · ( inches) ( grams) . 

III 7 9.9 175.7 21 10.1 187.8 17 8.8 109.1 6 10.8 190.0 

"IV 13 11.0 199.7 25 11.4 225.3 27 10.2 165.8 10 n.2 209.0 

V 38 11.8 2.50.8 21 12.6 295.5 12 11.6 232.9 9 12.4 272.c 

VI 8 12.7 307.0 11 13.6 372.3 7 11.0 205.3 2 12.9 301.0 

VII 4 13.5 334.0 5 14.5 372.2 J 12.4 288.2 2 13.9 366.0 

* (Alexander, 1956) 
** (Anton, 19.57) 
*** (Plosila, 1958) 

(X) 

°' 
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Table 14 

CALCULATED TOTAL LENGTHS OF SEVERAL SPECIES OF FISH 
FOR HOFFMAN LAKE AND OTHER MIDWESTERN AREAS* 

Age Class 
Species and Local 

YELLO,J PERCH II III IV V 
Hoffman Lake, 1956 J.8 4.3 5.1 
Hoffman Lake• 1957 3.7 4.5 4.7 5.3 
Ohio, general 4.5 6.o ?.J 8.4 
Minn. • general 4.5 6.o 7.3 8.4 
Minn. , Red Lake 4.8 6.8 8.4 9.J 

COMMON SUCKERS llI IV V VI VII 
Hoffman Lake, 1956 9.2 n.a 12.3 13.2 
Hoffman Lake, 1957 10.8 n.2 12.4 12.9 13.9 
Minn. , general 10.2 13.1 14.9 16.7 18.1 
Minn., general n.6 13.9 15.8 16.7 17.2 
Ohio, general 12.5 15.1 17.0 18.0 18.5 

COMMON SUNFISH III IV V VI 
Hoffman Lake, 1956 4.2 5.2 5.7 6.4 
Hoffman Lake , 1957 J.95 5.1 5.6 5.7 
Minn., general 4.4 5.5 6.4 7.2 
Minn. , general 5.1 6.5 7.7 9.6 
Mich. • general 5.9 6.8 7.5 s.o 

ROCKBASS II III IV V VI 
Hoffma~ Lake, 1956 2.2 3.6 4.4 5.1 5.8 
Hoffman Lake , 1957 2.7 3.4 4.5 5.3 6.J 
Ohio, general 2.7 3.7 5.0 6.o 7.0 
Minn. , general J.O 4.5 5.9 7.1 8.J 

LARGEMOUTH BASS II ID IV 
Hoffman Lake, 1956 7.2 9.2 11.8 
Minn. • general 9.3 ll.5 13.1 
Wisc. , North 9.7 ll.7 lJ.2 
Ohio, general 8.o n.5 13.9 

"'Data other than Hoffman Lake from Carlalxier (1953) , 1956 Hoffman 
Lake data from Plosila (1958). 
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19.54; nat.log. we_tght = -2.0965 + J.0855 nat.log. length 
1955; mt.log. weight= -1.9729 + J.0829 nat.log. length 
1956; nat.log. weight= -1.4810 + 2.7831 nat.log. length 
1957; nat.loe;. weight = -1.9618 + 2.9257 nat.log. length 
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A covariance analysis (Snedecor, 1956) was perfor~d on the lines and 

s igni.fica.nt differences observed ( table 15). Covariance analyses com

paring two regression lines are smnmarized in table 16. These tests 

indicate a rise in the condition of yellow perch for two years following 

fertilization and then a drastic drop to below prefertilization levels 

in 1957. The JTean lengths for the age classes do not drop; but tre 

weights for tre individual age classes indicate severe reduct1ons in 

the condition of the fish (table 17). 

The common sunfish of Hoffman Lake are slower growing than in 

neighboring habitats (table 14). Length-weight regression line formulae 

for tre various years are as follows: 

19.54; nat.log. weight= -l.J224 + J.lJ?O nat.log. length 
1955; nat.log. weight= -1.5133 + J.2238 nat.log. length 
1956; nat.log. weight= -1.2998 ~ J.1121 nat.log. length 
1957; nat.log. weight= -2.0452 + J.4908 nat.log • . length 

Covariance analyses (Snedecor, 1956) were P3rforned on the ccmbined 

data ( table 18) • Summaries of individual covariance analyses are pres

ented in table 19. The combined test indicated a slope d i.fference in 

the 1n length-ln weight regression lines; or a difference in weight 

gains that were not uniformly changed for the different size-classes. 

The corrlition factor (relationship of weight to length) was less in 

1957 than in 1954. 

Age studies of the rock bass indicated little change during the 

first three years, 1954-56. The covariance analyses on the length

weight regression lines irrlicated no differences in weight gains from 

19.54 through 1956. In 1956 the rock bass were not gaining -weight as 
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Figure XIX. Log-log transformations of length-weight relationshi~ 
of yellow ~rch sampled from Hoffman Lake, 19.54, 1955, 
1956 and 1957. 
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Table 15 

A COVARIANCE ANALYSIS FOR LENGTH-WEIGHT REGRESSION 
LINES OF YELLOtl PERCH, 19.54-57 

Sum of 
Source of Variation Degrees of Freedom Squares 

1. 

Total 
Due to general 

regression 
Deviations from 

general regression 

Can one regression line be 

Gain from four separate 
regressions over 
general regression 

Deviations from separate 
regressions 

(nFn = 25.868, answer is no) 

346 108.0839 

1 97.9131 

345 10.1708 

used for all observations? 

6 3.1942 

339 6.9766 
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Mean 
Square 

0.3124 

97.9131 

0.0295 

0.5324 

0.0206 

2. Can a connnon slope be used for the separate regression lines? 

Deviations about lines 
with common slope but 
fitted through mean of 
each set of data 342 6.9942 

Further gains from fitting 
separate regressions 
(diffe~ence between sloP3s) J 0.0176 

Deviations about separate 
regressions 339 6.9766 

( "F" = 0.285, answer is yes) 

3. Can one mean be used for tffi separate regression line~? 

Gains from lines through 
each' ~an, with connnon 
slope. Compared to 
general regression 

Deviations about lines 
with common slope 

( "F" = 51. 778, answer is no) 

3 

342 

J.1766 

6.9942 

0.0205 

0.0059 

0.0206 

0.0205 
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Table 16 

THE RESULTS OF COVARIANCE ANALYSES ON 1n IENGTH - ln WEIGHT 
REGRESSION LINES FOR YELIOI PERCH (based on 51, level) 

Years Compared 

1954 and 1956•• 

1954 am 1957 

1955 an:i 1956** 

1955 and 1957 

1956 and 1957 

* (Anton. 1957) 
** (Plosila, 19.58) 

Dif:ferernes in the Fish 

All fish gained weight less rapidly 
in 1954 than in 1955. 

All fish gained weight less rapidly 
in 19.54 than in 1956. 

All fish gained weight less rapidly 
in 1957 than in 1954. 

There were no significant differences 
in weight gaim. 

All gish gained weight less rapidly 
in 1957 than in 1955. 

All fish gained weight less rapidly 
in 1957 than in 1956. 
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Table 17 

CALCULATED MEAN WEIGHTS AND IENGTHS OF YELI& PERCH FROM HOFFMAN LAKE, 

19.54* 

Age Num- Length Weight _ 
Class__ _ _ber {inches} {grams} 

I 8 3.8 

II 46 4.6 

III 28 5.0 

IV 13 5.5 

V 4 8.0 

• (Alexarrler, 19.56) 
** (Anton, 1957) 
*** (Plosila, 1958) 

7.3 

13.6 

20.4 

Z? .9 

91.0 

1954, 1955, 1956 and 1957 

1955** 19.56*** 

Num- Length Weight Num- Length Weight 
ber ( ire hes} ( grams} ber { irehes} { grifils) 

-- --- ---,- 7 2.6 6.o 

23 4.6 16.5 20 3.8 _ 9.3 
--

24 5.1 21.2 39 4.3 13.2 

13 6.o 37.2 13 . 5.1 21.2 

5 7.8 97.2 -- --- ----

Num-
ber 

--
9 

9 

8 

6 

19.57 

Length Weight 
(inch~~l (gram~} 

-. 

--- ----
3.7 6.4 

4.5 12.0 

4.7 13.0 · 

5 • .3 18.5 

.. • , .·~u 

. '.,:,' 

'° . \,J 



Figure XX. Log-log transformations of length-weight relation
ships of connnon sunfish sampled from Hoffman Lake, 
1954, 1955, 1956 an::i 1957. 
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Table 18 

A COVARIANCE .ANALYSIS FOR LENGTH-WEIGHI' REGRESSION 
LINES OF OOMMONSUNFISH, 1954-57 

Source of Variation 

1. 

Total 
Due to general 

regression 
Deviations from 

general regression 

Can orie regression line be 

Gain from four separate 
regressions over 
general regression 

Deviations from separate 
regressions 

( "F" = 16. 701, answer is no) 

Sum of 
Degrees of Freedom Sauares 

used 

398 

1 

397 

for all 

6 

391 

98.0740 

9L~.5J89 

J.5351 

observations? 

0.7215 

2.8136 

Mean 
Square 
_,_ ___ 
94.5.389 

0.0089 

0.1203 

0.0072 

2. Can a common slope be used for the separate regression lines? 

Further gains from fitting 
separate regressions · 
(difference between slopes) 

Deviations about separate 
regressions 

( 11F" = n.083, answer is no) 

J 

391 

--------------------· 

0.2394 

2.81)6 

0.0798 

0.0072 
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Table 19 

THE RESULTS OF COVARIANCE ANALYSES ON ln LENGTH - ln WEIGHT 
REGRESSION LINES FOR COMtiION SUNFISH (based on 5% level) 

Years Compared 

19.54 and 1955* 

1954 and 1956*• 

1954 am 1957 

1955 an:i 1956** 

1955 and 1957 

1956 and 1957 

* (Anton, 1957) 
** (Plosila, 1958) 

Differences in the Fish 

---------------------
All fish gained weight less rapidly 

in 1955 than in 19.54. 

There were no significant differences 
in weight gains. 

Weight gains greater in smaller size
classes in 19.54 than in 1957. 

There were no significant differences 
in weight gains. 

Weight gains greater in smaller size
classes in 1955 than in 1957. 

Weight gains greater in smaller size
classes in 1956 than in 1957. 



Table 20 

CALCULATED MEAN WEIGIITS AND LENGTHS OF OOMMON SUNFISH FROM HOFFMAN LAKE 

1954* 

Age Num- Length Weight 
Class_ ber _ (incqes) (grams) 

I -- ---
II -- ---
III 8 4.7 

IV 12 5.6 

V 38 5.8 

VI 37 6.3 

VII 7 6.9 

VIII -- ---

• (Alexarrler, 1956) 
** {Anton, 1957) 
*** (Plosila, 1958) 

----
----
35.1 

61.7 

65.5 

85.8 

118.J 

----

1954, 1955, 1956 and 1957 

1955•• 1956*** 

Num- Length Weight Num- Length Weight Num-
ber ( imhes) (grams) .ber ( inches) (gra,ms) ber 

-- --- ---- J 1.4 o.8 

8 3.4 12.2 --- --- ---- 17 

13 4.5 33.0 3 3.9 18.8 · 14 

13 5.4 55.4 44 .5.1 43.4 13 

29 5.9 64.3 13 5.6 58.1 13 

28 6.J 82.9 4 5.7 61.L~ 2 

2 6.8 102.2 -- --- ---- 5 

2 7.5 lJ6.5 -- --- ---- 1 

1957 

Length Weight 
( inches) ~ grams) -

3.1 6.7 

4.2 19.4 

5.7 40.9 

5.7 56.3 

6.4 84.J 

6.5 89.0 

6.5 89.0 

-.o .·' 
co 
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rapidly as in the three previous years. The length-weight regression 

line formulae for the various years are as follows: 

19.54; nat.log. weight = -0.5341 + 2.6558 nat.log. weight 
1955; nat.log. weight : -0.6J67 t- 2.?ll3 nat.log. weight 
1956; nat .log. weight = -0.4365 + 2 • .5694 nat.log. weight 
1957; nat.log. weight = -1.2739 • 2.9722 nat.log. weight 

Rock bass were found to be plentiful in the small size classes, two to 

four inches total length, in 1957. 

The trapping of largemouth bass in 1957 was unsuccessful compared 

to previous years. Four weeks of trapping produced only thirteen bass. 

Whether this is a reflection on a reduced population is doubtful. There 

is strong evidence that the traps were being molested. Only two spec

iments were collected above the ten inch legal size, which indicates 

that possibly the larger specimens were removed. This possible "human" 

predation" would alter the general population picture when compared to 

previous years. This along with the small sample size makes general 

statistics and conclusions unsatisfactory. The regression line form-

ulae for 1954 through 1957 are as follows: 

19.54; nat.log. weight = -2.0813 + 3.2765 nat.log. length 
1955; nat.log. weight = -1.7213 + 3.1020 nat.log, length 
1956; nat.log. weight = -1.9679 • 3.2205 nat.log. length 
1957; nat.log. weight = -2.5588 + 3.4463 nat.log. length 

The general population statistics follow, but 1957 data should be eval-

uated cautiously. 

The data collected for the Hoffman Lake fishes indicate a change. 

The fish appear to have been in -a poorer condition in 1957. Some 

species, suckers and largemouth bass, iooreased their condition for two 

years an:i then dropped after fertilization ceased, though not below 

prefertilization values. Rock bass, yellow perch and common sunfish 

exhibit a reduction in their condition to considerably below prefert-
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Figure XXI. Log-log transformations of length-weight relation
ships of rock bass sampled in Hoffman lake, 19.54, 
1955. 1956 and 1957. 

(, _.,.· ,· . 

~ _::.::. ' 



4.7 

- 4.5 Cl) 
:,}1 
4 
a:: 
(!) 1957 -
.... 4.3 
:x: 
(!) 

L1J 
~ 

LL. 4.1 
0 

(!) 

0 
...J 

3 .9 
...J 
4 
a:: 
::, .... 
4 ROCK BASS z 3.7 

,.3.5 --------------------. 1.6 1.7 1.8 1.9 2.0 

NATURAL LOG OF LENGTH CINCHES) 



L . 

: .. : .;;.~_. 

Table 21 

A COVARIANCE ANALYSIS FOR THE IENGTH-WEIGHT REGRESSION 
LINES OF ROCK BASS, 1954-57 

Sum of 
Source of Variation Degrees or Freedom Squares 

Total 370 118.5502 
Due to general 

regression 1 105.2425 
Deviations from 

general regression 369 13.3077 

1. Can one regression line be used for all observations? 

Gain from four separate 
regression over 
general regression 6 2.4529 

Deviations from 
separate regressions 363 10.8548 

("F" = 13.6722. answer is no) 

102 

Mean 
Square 

0.3204 

105.2425 

0.0036 

o.4088 

0.0299 

2. Can a common slope be used for the separate regression lines? 

Further gains from fitting 
separate regressions 
(differences between the slopes) 3 

Deviations about separate 
regressions 363 

( "F" = 3. 726, answer is no) 

0.3)42 

10.8548 

O.lll4 

0.0299 
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Table 22 

THE RESULTS OF COVARIANCE ANALYSES ON ln LENGTH - WEIGHT 
REGRESSION LINE.5 FOR ROCK BASS (based on 5% level) 

Years Compared 

19.54 and 1955* 

19.54 and 1956** 

1954 an:1 1957 

1955 and 1956•• 

1955 and 1957 

1956 and 1957 

• (Anton. 1957) 
** (Plosila. 19.58) 

Differences in the Fish 

There were no significant differences 
in weight gains for the various 
size-classes. 

There were no significant differences 
in weight gains. 

Weight gains greater in smaller size
classes in 1954 than in 1957. 

There were no significant differences 
in weight gain.'5. 

Weight gains greater in smaller size
classes in 1955 than in 1957. 

Weight gains greater in smaller size
classes in 1956 than in 1957. 
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Table 2J 

CALCULATED MEAN LENGTHS AND WEIGHTS OF ROCKBASS FR.OM HOFFMAN LAKE 
1954, 1955, 1956 and 1957 

1954* 1955** 1956*** 1957 

Age Num-. Length Weight Num- Length Weight Num- Length Weight Num- Length Weight 
Class~~ _Qer _ ( imhes) (grams) · ber ( irF_hes) (gr~J_ ber ( inches) (grams..}____Qfil:__limhes) (gram~ , 

II -- ---
IlI -- ---
IV 2 4.7 

V 15 5.4 

VI 32 5.7 

VII 26 6.1 

* {Alexander, 1956) 
** (Anton, 1957) 
*** (Plosila, 1958) 

---- -- ---- -----
---~ -- ---- ----
J4.o 4 4.9 40.4 

50.8 10 5.3 49.6 

60.? 16 5.9 64.2 

72.8 22 6.3 77.8 

2 2.2 1.5 2 2.7 1.6 

4 J.6 4.9 15 J.4 5.3 

20 4.4 29.4 24 4.5 24.~ 

36 5.1 42.5 16 5.J 39.8 

7 5.8 59.2 5 6.3 66.5 

21 6.1 67.3 2 6.2 6J.4 

f-J 
0 
+:" 
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Figure XXII. Log-log transformations or length-weight relation
ships of largemouth bass sampled from Hoffman Lake, 
19.54, 1955, 1956 and 1957. 
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Table 24 

A COVARIANCE $LYSIS FOR THE LENGTH-WEIGHT REGRESSION 
LINES OF LARGEMOUTH BASS, 1954-57 

Source of Variation 

1. 

Total 
Due to general 

regression 
Deviations fran 

general regression 

Can one regression line 

Gain from four separate 
regression over 
general regression 

Deviations from separate 
regressions 

(
11F 11 = 2.526, answer is no) 

be 

Degrees 

used for 

Sum of 
of Fre~om Squares 

148 80.635 

1 78,6847 

147 1.9503 

all observations? 

6 

141 

0.1893 

1.7610 

107 

Mean 
Square 

--·---
68.6847 

0.0133 

0.0316 

0.012.5 

2. Can a common slope be used for the separate regression lines? 

Deviations about lines 
with common slope but. 
fitted through mean of 
each set of data 144 1.8101 

Further gains from fitting 
separate regressioru, 
(difference between slopes) J 0.0491 

Deviations about separate 
regressions 141 1.7610 

( "F" = 1.3106, answer is yes) 

J. Can one mean be used for the separate regression lines? 

Gains from lines through 
each 1 mean, with common 
slope, compared to 
general regression 

Deviations about lines 
with common slope 

( 11F" = J.718, answer is no) 

J 

144 

0.1402 

1.8101 

0.0126 

0.1637 

0.0125 

o.0467 

0.0126 
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Table 25 

THE RESULTS OF COVARIANCE ANALYSES ON 1n LENGTH- 1n WEIGHT 
REGRESSION LINES FOR L.4....1lGEMOUTH BASS ( based on 5% level) 

Years Compared 

1954 and 19.55* 

1954 am 1956** 

1954 and 1957 

1955 and 1956** 

1955 and 1957 

1956 arrl 1957 

* (Anton, 1957) 
** (Plosila, 1958) 

!• 

Differences L'1 the Fish 

All fish gained weight less rapidly 
in 1955 than in 1954. 

There were no significant differences 
in weight gains for the various 
size-classes. 

All gish gained weight less rapidly 
in 1957 than in 1954. 

There were no significant differences 
in weight gains for the varioll.! 
size-classes. 

There were no significant differences · 
in weight gains for the various 
size-classes. 

All fish gained weight less ra.pidly 
in 1957 than in 1956. 
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Table 26 

CALCULATED MEAN LENGTH AND WEIGHT OF LARGEMOUTH BASS FROM HOFFMAN LAKE 
1954, 1955, 1956 ani 1957 

1954* 1955** 1956*** 

Age Num- Length Weight Num- Length Weight Num- Length Weight Num-
Class ber' ( inches) (grams) ber ( inches) (grams) ber ( inches) ( grams) ber 

I -- ----- ---- -- ---~ ---- 2 3.J 6.5 

II 23 8.6 151.7 9 8·.9 148.2 14 7.2 80.6 3 

TII 15 11.4 380.0 JO 10.9 322.2 6 9.2. 177.5 9 

IV 7 13.7 672.5 2 12.5 453.5 2 11.8 395.7 1 

V 8 14.6 8J0.8 -- ----- ---- l 12.3 452.3 --
VI 2 15.9 1064.o 3 15.3 898.6 1 13.2 567.8 -
* (Alexander, 1956) 
** (Anton, 1957) 
*** (Plosila, 1958) 

1957 

Length Weight 
( inches) (grams} 

6.4 46.5 

?.O 63.J 

9.5 181.0 

----

I-' 
0 

. \.{) 
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ilization levels once fertilization was stopped. 

The lengths of these fish fail to indicate reductions. The reason 

for this is the last completed year of growth dealt with here is a 

fertilized year, 1956. The 1957 growth-year was not completed unt11 

after sampling operations ceased. Sampling will have to be performed 

in 1958 to see if growth rates were reduced following fertilization. 

A possible cause for this phenomena of poorer condition lies in 

an increased survival rate for young fish following fertilization. An 

increase in food for young fish may not increase foo:i for adult fish. 

A greater survival rate would thence increase the population. This 

increased population could keep pace with the irereased food; providing 

no more nutrition per fish than before fertilization. Once fertilization 

ceased and the food supply diminished to normal the fish:food ratio 

woul.d be reduced, thus creating greater stunting of the population than 

prior to fertilization. 

Juday (1942) observed a decrease in the standing crop of f1sh 

following the fertilization of a lake. Weber Lake, Vilas county, 'Wis

consin, was fertilized several times. Early attempts with inorganic 

fertilizer failed to produce a response in plant production. Subsequent 

applications of organic fertilizers. soybean meal am cottonseed nEal, 

produced an approximate fifty percent increase in plankton. After seven 

years of varied treatllEnt, too animal biomasses failed to respom prop

ortionately to the plant biomasses. The bottom fauna doubled its 

standing crop rut the fiBh crop wa:5 reduced to approximately two-thirds 

of the prefertilization level:,. Juday attributes the poor total aRimal 

response, •••• "to the decrease in weight of the fish". 

Three species o:f trout were collected from the West Branch of the 
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Sturgeo:a River; brown/and rainbow. These species ex.riibited an interes-, 

ting distribution gradient. UpGtream at Station 2 only brook trout were 

taken. The lack of other species here may be attributed to the silt 

bottom type or e f ficient competition from the brook trout. Temi:erature 

doesn't appear to be a limiting factor for other species at Station 2. 

Downstream the brook trout gradually diminish in numbers arrl the brown 

trout become dominant. At Station 8 only two brook trout were captured 

compared to 47 brown trout. Midway in the study area of the stream, 

Station 6, 37 brown trout am 42 brook trout were captured. Rainbow 

trout are located from Station 4 downstream. Eleven an:l nine specimens 

were captured at Stations 6 an:l 8 respectively. In previous years rain

bow trout occurred more frequently at some stations than in 1957. The 

on.ly othar fish observed were muddlers, Cottus bai~dii, arrl Anerican 

brook lampreys, Entq,s_Qhenous lamottenii. The lampreys were associated 

with the finer sediments an:i obtained when electro-fishing an:i l::ottom 

sampling (table 8). 

The trout of the West Branch of the Sturgeon River have generally 

poor growth when com.pired to other streams. Colby (1957) com~red these 

with data from Cooper (1953) and showed that the mean lengths for Age 

Classes are below those from what Cooper calls a low productivity stream 

in Michigan. Previous stu:iies (Colby, 1957; Carr, M.S.) show no signif

lcant differences in the growth rates of the trout from 1954 to 1956. 

Colby found that the larger rainbow trout were in better con:iit1on 

following fertilization am postulated that this may be the result or 

the rainbow's feeding on the increased filamentous a1gae. The other 

species or trout failed to show a growth response to fertilization. A 

possible reason for failing to detect responses is in the technique or 
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combining data from the various stations. Differences between stations 

may create variances in combined data that would not test significantly 

di!'ferent statistically. Grzen:la (personal communication) failed to 

detect station differences and combined the data from the various sta

tions. Colby (1957) apparently assumed no station differences in 1955 

and Carr ( personal communication) assumed no changes in 1956. The 1957 

data, to be presented subsequently, indicates strong differences between 

stations. These dif ferences may have occurred in any of the years fol

lowing 1954. No statistics have been performed comparing various years 

with 1957. 

Scale samples were used to back-calculate total lengths to the last 

complete annulus. In this technique it is necessary to determine the 

body-scale length relationship as outlined in the section on "methods". 

The formulae obtained for the various species and stations are as fol

lows: 

Rainbow Trout, 
Stat1on 6: fish length= J.1JJ6 + 0.0263 scale length* 
Station 8: fish length= 2.7378 ~ 0.0283 scale length 

Brown Trout, 
Station 6: fish length: 1.5810 + 0.0423 scale length 
Station 8: fish length= 2.0796 + 0.0325 scale length 

Brook Trout. 
Station 2: fish length: 2.2267 + 0.0654 scale length 
Station 6: fish length= 3.6801 ~ 0.0297 scale length 

• scale length is the anterior scale radius (mm.) times eighty. 

The resulting regression lines (Fig. XXIII, XXIV and XXV) exhibit 

considerable differences between the stations sampled. The regression 

lines for the rainbow trout (Fig. XXIII) dU'fer least of the three 

species and a covariance analysis showed the lines not significantly 

different at the five percent level. The regression lines for brown 

and brook trout, Fig. XX.IV' am x:J:/ respectively, exhibit large di!'f'er-
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ences in the body-scale length relationships. Covariance analyses indi

cate the lines to be highly d1fferent in thei:r slopes at ftve percent 

level tests, or the scale lengths change different than the body length3 

at the stations sampled. 

This may indicate that the scale technique is not valid for deter

mining the lengths at the end or the various growing sea3ons. This ui 

unlikely since studies indicate the technique is valid in neighboring 

waters. Cooper (1951) determined that the annulus was a valid age 

criteria in brook trout. Subsequent papers by Cooper (1952 and 1953) 

discuss the body-scale relationships or brook trout and growth from 

scale determinations for brook am. brown trout in the Pigeon River, 

api:roximately twenty miles from the West Branch of the Sturgeon R1ver. 

The calculated lengths of the various age cla3ses in the West Branch 

of the Sturgeon River correspon:i to lengths at time of capture when the 

seasonal growth pattern of trout is considered (table 27 a?rl 28). Upon 

completion of the annulus the trout begins a period of rapid growth in 

late spring and early sllJllJTler. followed by a slower growth rate until the 

next annulus formation. 

A possible explanation of the differences in body-3cale length 

relationships at the various stations lies in tem-p3rature variations 

between years and stations during the -p3riod of scale formation. Hubbs 

(1922, 1926 and 1941) has presented several papers dealing with varia

tions in the DEristic characters of several spec1es. The general theory 

is that the number of scales, vertebrae, fin-rays. etc. is dependent on 

the growth rate in the early stages of development. Low temperatures 

retard growth and development and produce an increased number in the 

meristic characters. 

'\ 
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If the stations varied in temperature for one year during the study 

the numbers of lateral line scales might vary from the normal for this 

year class. This difference could be considerable in the f'ine-scaled 

salmonids. Eddy an:l Surber (1947) state the ranges in lateral line 

scale counts for brown and rainbow trout are ll5-l.50 and 120-140 respec

tively. Brook trout lateral line scale counts exceed 200 (Eddy arrl 

Surber, op. cit.) and the rean nwnber is aroun:i 2)0 (Jordan arrl Everman, 

1902; Leach, 1939). A year class collected at a particular station, 

with a larger or smaller number of scales, would have a corresporrling 

larger or smaller mean scale length and thence a different body-scale 

length relationship. This year class combined w1th other year classes 

could readily alter the slope of a body-scale length regression line. 

The total lengths at time of capture and the calculated lengths 

irrlicate differemes between the stations ( table 27 arrl 28). These 

means though are not significantly dif'ferent. The standard deviations , 

readily indicate that the confidence intervals for various stations will 

overlap. 

The lell5th-weight relationships of the three trout species indicates 

dif'ferences between stations in the con:iition of the fish. The brook 

trout at Stat ion 2 are heavier, in the smaller size grou?S, than the 

brook trout at Station 6 (Fig. XXVI). As the larger size classes are 

reached the. differences become less until finally the situation is rever

sed. The two lines 'cti!fer significantly in their slopes ( table )4). 

This may iniicate that younger brook trout at Station 2, closer to Hoff

man Lake, were able to respond to increases in production from fertili-

zation. 

Brown and rainbow trout indicate a reversal from possible brook 
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trout respond. The tzj:stream Station 6 produced ·-trout in better condition 

in the larger size classes than downstream Station· 8 (Fig. XXVII and 

XXVIII). 

The data iniicates the presence or different trout populations in 

the river, the body-scale relationships vary significantly between 

stations an<l growth rates show minor differences from station to station. 

The condition or length-weight rel~tionships of any one species differs 

between stations. 
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Table 27 

MEAN LENGTHS AND STANDARD DEVIATION OF THE TROUT SAMPLED FROM 
THE WEST BRANCH OF THE STURGEON RIVER, 1957 

Age Class, Mean and Standard Deviation• 
0 I II III 

Species am Stat1._on Me@_ std. dev. Mean std, dev, Mean . std, dey, ~ah std, dev, 

Brook Trout 

Station 2 
Station 6 
Station 8 

Brown Trout 

Station 6 
Station 8 

Rainbow Trout 

Station 6 
Station 8 

2.81 
J.12 
2.20 

2.58 
2.48 

2.20 

0.34 
o.4J 

0.19 
o.45 

4.86 
5.24 
6.25 

5.27 
6.0J 

5.05 
5.31 

0.74 
0.77 

0.49 
0.55 

0.62 
0.59 

6.97 
7.40 

8.18 
9.10 

6.40 
7.05 

0.62 

0.80 
o.4J 

9.6 

10.lJ ----
10.o/? 

---- \ 

-----·-----------------------------------------·--------------
* standard deviation omitted if mean is derived from less than five speci~ns. 

i:: 
°' 
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Table 28 

CALCULATED LENGTHS AT THE LAST OOMPLETE ANNULUS FOR AGE CLASSES I AND II 
OF TROUT SAMPLED FROM THE WEST BRANCH OF THE STURGEON RIVER, 1957 

Age Class 
I n 

Station and S~c ies. ______ ...;Me=a==n--=s~t:.::d~, ._:.d,:.,e:::;..V,u•:...* __ _..,::.Me=a~n~~st~d~,.._,,d~~~V.s,9_ 

Brook Trout 

Station 2 
Station 6 

.tlrown Trout 

Station 6 
Station 8 

Rainbow Trout 
,, 

Station 6 
Station 8 

4.20 
4.70 

J.68 
4.28 

o.,54 
0.74 

0.32 
o.4J 

0.18 
0.32 

5.JO 
6.2 

o.87 

0.61 
0.37 

• standard deviation omitted if mean 
is derived from less than five 
specimens. 
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Figure XXIII. Body-scale length relationship of rainbow trout 
in the West Branch of the Sturgeon River. 
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Figure XXIV. Bbdy-scale length relationship of brook trout in 
the West :Branch of the Sturgeon River. 
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Figure XXV. Body-scale length relationship of brown trout in the 
West Branch of the Sturgeon River. 
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Figure XXVI. 

< Ii .-,, .·•.· 

Length-weight relationship of the brook trout in the 
West Branch of the Sturgeon River, 1957. 
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Figure XXVII. Length-weight relationship of the brown trout in 
the West Branch of the Sturgeon River. 1957. 
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Figure XXVIII. Length-weight relationship of the rainbow trout 
in the West Branch of too Sturgeon River, 19.57. 



'(-<·.:":•t' : • .. - ' ', 
·._. "< .,·.-; .• , · ~ .,: 

~- :_ /' .~: ·; 

3.2 

3.1 

-(/) 3.0 
~ 
<( 
0::: 
(!) -

2.9 
r.-
I 
(!) 

L&J 
~ 

LL 
2.8 

0 

(!) 
0 
_J 

2.7 
_J 
<( RAINBOW TROUT 0::: 
::::> 
~ 
<( 

2.6 z 

25 -----------------1.50 1.5 5 I. 60 1.65 1.70 

NATURAL LOG OF LENGTH CINCHES) 



i 

lJO 

Table 29 

A COVARIANCE ANALYSIS FOR LEIDTH-WEIGHT REGRESSION LINES OF BROOK 
TROUT SAMPLED IN THE WEST BRANCH OF THE STURGEON RIVER• 1957 

Sum of 
Source of Variation Degrees of Freedom Squares 

Total. 98 42.4600 
Due to general 

regression l 41.5262 
Deviations from 

general regression . 97 0.9338 

1. _Can one regression line be used for all observations? 

Gain from four separate 
regressions over 
general regression 

Deviations from separate 
regressions 

( "F" : 10.833, answer is no) 

2 

95 

0.1734 

0.76o4 

Mean 
Square 

------
41.5262 

0.0096 

· 0.0867 

0.0080 

2. Can a common slope be used for the separate regression lires7 

Further gain~ from fitting 
separate regressions 
(difference between slopes) 

Deviations about separate 
regressions 

( "F" = 7 .125 • answer is no) 

1 

95 

0.0570 

0.76o4 

0.0570 

0.0080 
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Table JO 

A COVARIANCE ANALYSIS FOR LmGTH..WEIGHT REGRESSION LINES OF BRO>lN 
TROur SAMPLED IN THE WEST BRANCH OF THE STURGEON RIVER, 1957 

Sum of Mean 
Source of V ar1a t ion Degrees of Freedom Squares Square 

Tota1 82 52.6560 -----
Due to general 

regression · 1 52.0210 52.0210 
Deviations from 

general regression 81 o.6350 0.0078 

1. Can one regress1on line be used for all observations? 

Gain from four separate 
regressions over 
general regression 

Deviations from separate 
regressions 

( "F" = 47 .532, answer is no) 

2 

79 

o.J468 I 0.17:34 

0.2882 0.0036 

2. Can a common slope be , used for the separate regression lines? 

Further gains from fitting 
separate regressions 
(difference between slopes) 

Deviat1ons about separate 
regressions 

( 11F11 = 6.356, answer is no) 

l 

79 

0.0232 

0.2882 

0.0232 

0.0037 
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Table Jl 

A COVARIANCE ANALYSIS FOR LENGTH-WEIGHT REGRESSION LINES OF RAINBOW 
TROUT SAMPLED IN THE WEST BRANCH OF THE STURGEON RIVER, 1957 

Source or Variation 

1. 

Total 
Due to general 

regression 
Deviations from 

general regression 

Can one regression line be 

Gain from four separate 
regressions over 
general regression 

Deviations from separate 
' regressions 

( 11F11 = 9. 64, answer is no) 

Sum of 
Degrees of Freedom Squares 

used 

19 

1 

18 

for all 

2 

16 

4.1570 

4.o479 

0.1091 

observations? 

0.0596 

0.0495 

Mean 
Square 

-------
4.0479 

0.0061 

.: 0.0298 

0.0031 

2. Can a common slope be used for the separate regression lines? 

Further gains from fitting 
separate regressions 
(difference between slopes) 

Deviations about separate 
regressions 

("F" = 15.66, answer is no) 

l 

16 

0.0484 

0.0495 

0.0484 

0.0031 



SUMMARY 

The biological changes in a stream and lake with the direct addi

tion of inorganic fertilizer are presented. The lake was fertilized 

in 19.54, 1955 arrl 1956. Primary production of the periphyton was in

creased after the fertilization. Plankton failed to increase in the lake 

in 19.54 and 1955. The organic content of the lake water increased after 

fertilization in 19.56. 

Five species of fish in the lake were ~tudied. A temporary increase 

in the condition of the fish was observed arrl this returned to near or 

below the prefertilization levels after fertilization was stopped. 

The West Branch of the Sturgeon River arises from Hoffman Lake and 

nows through its narrow valley to join the Sturgeon River. Studies on 

nutrients carried out of the fertilized lake were perforiood in 19.54, 

1955 and 1956. 

The nutrients were not carried an appreciable distance downstream. 

The nutrients prcxiuced an increase in the standing crop of periphyton 

near the outlet of Hoffman Lake. Bottom fauna studies indicated no 

changes that could be attributed to the increased primary prcduction 

of the upper stream. Fish studies indicated a lack of change in the 

fish population except for possible increases in the corrlition of limited 

size-classes of rainbow trout in 1955. 

In 1957, fertilizer was added directly to the stream for eight days • .., 

Chemical changes were not noticeable except for the increased phosphorus. 

The phosphorus did not appear downstream in its estimated amounts or at 

predetermined times. It was hypothesized that too initial uptake or 

pho:,phorus was by the stream's soils and organisms. After approximately 
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two days of application of phosphorus to the water, d ur-ing v1hich very 

little reached the downstream areas, the phosphorus level approached 

the calculated amounts for a pproxirnatel.y three days. The water's phos

phorus content then began to drop rapidly until it was near prefertili

zation levels at the end or fertilizer addition. It was hypothesized 

that this later uptake of phosphorus was utilized by a rapidly increas

ing periphyton crop in the stream. 

The periphyton crop in the stream showed increases from five to 

eleven times the prefertilized levels during the fertilized period. The 

periphyton crop was larger after the fertilization period than before. 

Following the period of introduction of phosphorus into the stream, the 

shingles were removed and others put in their place. The shingles at 

the station furtherest down~tream prcx:l.uced the greatest amount of peri

phyton during the next collection period. It is believed that this may 

be the result of regeneration of phosphorus by a decomposing periphyton 

crop. 

Stu:iies on the bottom fauna sampled from riffles indicated no 

changes in the standing crop of organisms that could be attributed to 

fertilization. St.udies on fauna sampled from beds of Chara failed to 

show a response to the fertilization. The beds of Chara supported a 

diversified fauna that maintained a much higher standing crop than the 
; 

gravel riffles. 

Studies on the trout of the West Branch of the Sturgeon River indi

cate changes probably occurred after the fertilization of Hoffman Lake. 

Evidence has been gathered that the fish populations differed between 

stations in 1957. This was not observed in 1954. Body-~cale length 

and length-weight rel8.tionships were found to be different between the 
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stations studied in 1957. Lengths at time of capture am calculated 

lengths indicate differences in growth rates between stations. 
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TABLE A 

A SUMMARY OF AIR AND WATER TEMPERATURES AND DEGREE OF CLOUDINESS 

* , sky clear 
** , sky semi-cloudy 
*** , complete overcast 

**** , raining 

Statton 3a Station 6 
Date time"" air HOH sky Date time~ air HOH sky 

temp, temp. temp, temp, 
June June 
26 73 67 ** 27 76 60 ** 
28 64 58 **** 28 --- 63 56 **** 
July JUly 
4 9:15 68 60 •• 4 9:55 71 58 ** 
5 9:15 58 59 ** 5 10:50 59 57 ** 
9 10:JO 59 58 ** 9 11:45 58 56 ** 

11 8:15 64 56 ••• 11 8:45 61 55 ** 
12 9:30 68 57 • 12 11:10 71 57 ** 
l8 1,0: JO 71 62 • 18 10:00 71 57 * 
19 9:15 68 60 • 19 10:50 74 58 * 
23 11:30 67 60 ** 23 12:45' 68 58 • 
2.5 10:00 62 56 *** 25 10:45 66 55 *** 
26 8:45 65 58 *** 26 l0:4.5 66 55 *** 
Aug. Aug. 

1 9:10 70 57 * 1 10:15 76 57 * 
2 9:40 77 58 ** 2 11:40 83 58 ** 
5 9:25 68 53 • 5 11:40 70 55 * 
8 10:00 71 59 *** 8 10:45 68 57 *** 
9 10:J0 66 57 **** 8 9:00 1 62 57 * 

15 10:40 62 57 *** 9 1:20' 60 56 *** 
20 10:15 70 52 • 9 6:25 61 55 **** 
23 10:05 69 55 *** 9 9:45 66 55 **** 
29 11:20 60 55 *** 10 9:20 68 54 * 
JO 10:15 66 56 ** 11 9:45 69 55 ** 
Sept. 12 9:50 60 52 ** 

3 12:J0' 76 61 •• 13 9:45 .59 50 *** 
5 . 1:10 1 63 59 * 14 10:40 70 55 ** 
6 10:JO 57 51 ** 15 9:0.5 58 51+ *** 

12 11:15 63 57 *** 16 ll:J0 64 54 ** 
13 10:15 65 56 *** 17 10:20 62 50 * 
17 10:00 54 49 ** 20 1:45' 71 56 ** 
MEAN 10:15 65.9 57.8 23 11:35 68 53 *** 

29 11:50 59 52 *** 
Sept. 
J 1:10 1 65 56 ** * All items A.M., except for those 5 1:45' 59 55 * 

that are primed. 6 1:00' 61 53 ** 
12 11:45 61 54 *** 
13 2:00 1 63 55 ** 
17 2:20 62 53 •• 
MEAN 11:15 68.2 55.J 

L 

t. 
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TABLE A (cont.) 

A SUMMARY OF AIR AND WATER TEMPERATURES AND DEGREE OF CLOUDINESS 

* sky clear; **, sky semi-cloudy; *** , complete overcast; ****, raining ' 
Station Z Station 8 

Date timef air HOH sky Date time~ air HOH sky 
temf!! _t~.J2.!_- _ _i.~ temg.__ 

June June 
27 68 60 ** 27 65 , 60 ** 
29 74 59 •• 29 68 . 61 ** 
July July 

4 10:15 72 58 ** 4 10:30 71 58 •• 
5 2:10' 73 59 ** 5 3:30' 64 61 ** 
9 2:15' 66 57 *** 9 2:45' 60 57 *** 

11 9:15 64 55 ** 11 9:JO' 66 55 ** 
12 l:4o' 64 58 ** 12 2:50' 66 59 ** 
18 9::40 72 55 • 18 9:J0 7) 55 • 
19 2:50• 84 65 * 19 J:45' 82 65 * 
21 J:00' 70 62 * 23 J:45' 62 61 * 
25 10::55 69 54 *** 25 ll:05 65 54 *** 
26 12:15' 71 56 *** 26 2:50' 73 58 *"'* 
Aug. Aug. 
1 10:40 76 57 • 1 11:00 75 57 * 
2 3:35' 8J 64 ** 2 4:50' 86 65 • 
5 2:10' 75 60 * 5 3:35 74 61 * 
8 3:20 1 66 58 *** 8 4:06 1 70 57 *** 
8 8:45' 60 57 * 8 8:30 1 62 57 * 
9 12=55 62 56 *** 9 12:35 62 56 *** 
9 6:10 60 55 **** 9 5:50 63 55 **** 
9 9:00 67 55 **** 9 9:00 67 55 **** 

10 9:10 68 54 * 10 9:50 67 54 • 
11 9:35 70 54 ** 11 9:25 70 54 ** 
12 9:4o 6o 51 ** 12 9:35 60 52 ** 
13 9:30 . 60 50 *** 13 9:20 6o ~ *** 
14 10:20 72 54 ** 14 10:10 70 54 ** 
15 8:50 59 54 *** 15 8:40 59 54 *** 
16 11:50 64 55 ** 16 11:20 67 53 ** 
17 10:00 64 49 * 17 9.20 62 49 * 
18 10:J+5 69 51 18 10:35 68 51 
20 J:10 1 69 56 *** 20 3:50' 64 57 **** 
23 .. 2:16' 63 54 **** 23 J:10' 63 54 **** 
29 noon 60 52 ••• 29 12:10 60 52 *** " 

JO 2:J0 1 69 57 ** · JO J:JO' 72 58 ** 
Sept. Sept. 
3 4:15 1 64 59 **** J 5:00 1 64 59 **** 
5 2:00 1 62 55 • 5 4:30' 63 58 • 
6 2:15 1 62 55 ** 6 2::45 1 61} 54 ** 

12 noon 62 54 *** 12 12:15• 63 54 **"' 
13 3:20 1 64 57 *** 13 4:oo• 63 57 *** 
17 2:40' 66 54 •• 17 4:001 65 _.,55 * ·---...---- - •--· MEAN 12:15• 67.4 56.1 MEAN 12:45' 66.6 56.3 

! All times A.M. except for those primed. 
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TABLE A (cont.) 

A SUMMARY OF AIR AND WATER TEMPERATURE AND DEGREE OF CI.OUDINESS 

* • sky clear;**, sky semi-cloudy; *** , complete overcast, ***"' , raining 

St?-tion 2 
Date time* air HOH Sky 

tem:e1 tem:g• 
July 
25 11:15 ?l .54 *** 
Aug. 

1 11:10 77 59 * 
8 4:35 1 72 57 *** 
8 8:101 61 58 • 
9 12:10 6o 56 **** 
9 5:35 62 55 **** 
9 8:45 65 55 **** 

10 8:50 67 54 * 
ll 9:10 69 54 ** 
12 9:15 6o 52 •• 
13 19:10 6o 52 ** 
14 9:50 68 54 ** 
15 8:25 60 54 *** 
16 11:10 66 54 ** 
17 9:10 62 49 * 
18 10:2!? 6z ;z2 
MEAN 10:1+5 65.4 54.l 

.t All times A .}l. except for those primed. 

I .. : 
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TABLE B 

DENSITY CF EXTRACTED PHYTOPIGHENTS FROM BlWEEKLY SHINGLES 

Station Ja 

JulI: 2 - - July 21 _August 6 
No. Klett Harvey Correct Klett Harvey Correct Klett Harvey Correct 

Units Units Kletts Units Untt~etts UI.1it..~ Units Kletts 

1 21 3.6 21 16 2.8 16 
2 20 3.4 20 59 10.2 59 14 2.5 14 
3 7 1.2 7 116 20.1 118 31 5.4 31 
4 39 6.7 39 52 9.0 52 30 5.2 JO 
5 55 9.5 55 83 14.3 83 80 13.8 80 
6 16o 27.6 180 99 17.1 99 51 8.8 51 
7 80 lJ.8 80 54 9.3 54 20 3.5 20 
8 19 3.2 19 63 10.9 6J 15 2.7 15 
9 64 11.0 64 123 21.3 130 58 10.0 58 
10 36 6,5 36 _56 9,7 56 4o 6,9 40 
SUM 86.5 521 121.2 Zl4 61.6 355 
MEAN 8.65 52,l 13,56 22t.3 6,16 35,5 -

-
Aygus~ _20 __ Se:gt, ; Se12t 1 12 

No. Klett Harvey Correct Klett Harvey Correct Klett Harvey Correct 
Units Units Kletts Units Units Kletts Units Units Kletts -

1 126 21.8 134 83 14.J 83 51 8.8 51 
2 161 '2;1.8' 180 167 28.8 193 71 12.3 71 
3 148 25.2 160 103 17.8 103 68 ll.8 68 
4 178 J0.8 212 ll4 19.7 120 70 12.1 70 
5 178 30.8 212 124 21.5 130 94 16.2 94 
6 86 15.9 86 156 27.0 175 90 15.6 90 
7 156 27.0 170 97 16.8 97 54 9.3 54 
8 ll4 15.7 120 122 21.1 125 24 4.2 24 
9 .59 10.2 59 no 19.0 D2 66 ll.4 66 
lQ 81 J.4,3 8) 132 2~.2 150 75 13,Q 75 
SUM _4.l,2,5 J.416 198.~ 1288 ll4,7 ___ 6Ql_ 
MEAN 2;!.,25 J.~l.6 12.Jlli.__1_28,8 u.4z. 6613 



141 

TABLE B (~ont.) 

DENSITY OF EXTRACTED PHYTOPIGMENTS FROM BIWEEY~Y SHINGLES 

Station 6 

-----· 
Jul:! 2 Jul:! 2) A~ust 6 

No. Klett Harvey Correct Klett Harvey Correct Klett Harvey Correct 
Units _Units Kletts Units Units ~netts Units Uni,ts Kletts 

1 36 6.1 36 87 15.0 87 90 1.5.6 90 
2 56 9.6 56 no 19.0 112 
3 JO .5.1 JO 105 18.2 10.5 96 16.6 96 
4 16 2.7 16 141 24.4 152 
5 7 1.2 7 108 18.6 llO 97 16.8 97 
6 25 4.J 25 152 26.3 168 138 2J.9 150 
7 33 5.6 33 82 14.2 82 115 19.9 120 
8 66 u.4 66 66 u.4 66 94 16.J 94 
9 68 ll.7 68 139 24.1 150 125 21.6 ' 132 
10 26 9,6 _iq_ __ 101 1z.5 101 94 16,2 24 
SUM 6Z.J )9J 188,Z UJJ 146.9 8ZJ 
MEAN 6,?) )21) 1s.sz 11J1 ) 18.)6 109.1 

-- -August 20 Sept.~ SeEt• 17 
No. Klett Harvey Correct Klett Harvey Correct Klett Harvey Correct 

Units Units lq_etts Units Units Kl.etts Units Units Kletts 

1 398 65.3 1720 51 8.8 .51 182 31.4 220 
2 362 62.6 1225 204 3.5.2 265 136 23.6 252 
3 J81 65.9 1500 189 32.6 2JO 137 23.8 148 
4 328 56.7 860 ll7 20.2 122 107 18.5 107 
5 Jll 53.8 720 138 23.9 1.50 11.5 19.9 ll.7 
6 302 .52.2 690 146 25.2 262 158 Z?.4 277 
7 370 64.o 142.5 176 30.4 206 161 27.9 280 
8 393 67.9 1600 1.55 26.8 170 14.5 25.l 258 
9 398 68.8 1720 131 22.7 138 149 2.5.s 265 
lO 269 , 46,2 510 1)8 2),2 150 141 24!4 J.Sl 
SUM 60).J 11920 242.Z 1Z44 24z 1 s 2025 
MEAN 60.::n u22.o 24197 12414 24,28 2QZ.5 
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TABLE B (cont.) 

DENSITY OF EXTRACTED PHYTOPIGMENTS FROM BIWEEKLY SHINGLES 

Station 7 

_ JuJ.x 2 JyJ..1z: 2] August 6 
No. Klett Harvey Correct Klett Harvey Correct Klett Harvey Correct 

Units Units Kletts Un~ts Units Kletts Uni,ts Units Kletts 

1 67 n.6 67 94 16.J 94 75 12.9 75 
2 19 3.2 19 ll2 19.4 ll4 162 28.0 180 
3 46 7.9 46 93 16.1 93 139 24.1 152 
4 55 9.5 55 120 20.8 126 139 24.1 152 
5 . 8 1.4 8 47 8.2 47 70 12.1 70 
6 64 n.o 64 137 2).7 148 70 12.1 70 
7 JO 5.1 JO 159 27.5 177 88 15.2 88 
8 92 1.5.9 92 150 26.0 165 102 17.6 102 
9 33 5.6 33 131 22.7 148 61 10.5 1 61 
lQ 22 - 212 2~ 1Z8 )Q.4 212 J.45 25.1_ 158 
SUM oo.z .462 2n.1 1)24 18z.z J.108 
MEAN 8.QZ 4Q12 21.11 J.)2.4 18.zz 110.8 

Agg!!§:t 20 Se:12t I ) Sem. lZ 
No. ·Klett Harvey Correct Kl.ett Harvey Correct Klett Harvey Correct 

Units Units Kletts Units Units Kletts Units Units Kletts 

1 270 46.7 510 138 23.9 150 167 28.9 195 
2 205 35.5 265 ll5 19.9 120 85 14.7 85 
3 271 46.9 510 172 29·.7 200 156 27.0 175 
4 259 44.8 460 191 3J.O 240 105 18.2 105 
5 J06 52.9 7'2JJ 167 28.8 195 149 25.8 162 
6 109 18.8 112 80 lJ.8 80 lOJ 17.8 103 
7 305 52.8 710 102 17.7 102 145 25.1 158 
8 342 59.2 lllO 216 37.2 JOO 207 35.7 270 
9 264 45.7 470 120 20.8 125 118 20.4 222 
lQ )52 60..2_1120 198 '34,2 255 128 J4,2 255 
SUM 464.2 5282 252.0 ~Z67. . 247.6 l?)Q 
MEAN 46.~2 498.Z 25.9Q :t.ZQ ■Z - 24.28 17).Q. 



TABLE B (pont.) . 

DENSITY OF EXTRAC'rED PHYTOPIGMENTS FROM BI'l,/EEKLY SHINGLES 

Station 8 
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,,_ _ _..,... _____ J_uly ____ 9___ July 2J AUP'USt 6 
No. Klett Harvey Correct Klett Harvey Correct Klett Harvey Correct 

Units Unj.ts Kletts Units Units Kletts Units Units Kletts 

1 38 6.5 38 186 32.l 220 82 14.2 82 
2 21 3.5 21 146 23.2 16o 76 13.2 76 
J 13 2.2 13 67 ll.5 67 145 25.1 158 
4 O o.o O 63 10.8 63 58 10.0 58 
5 9 1.5 9 74 12.8 74 132 22.9 14o 
6 57 9.8 57 142 24.6 155 87 15.0 87 
7 45 7.7 45 225 38.8 315 48 8.J 48 
8 7 1.2 7 105 18.2 105 39 6.8 39 
9 ll 1.9 11 71 12.J 71 101 17.5 101 
-=10--. _ _.3=0 __ ... 5..,,1 1:L_ _ _.3.,.,0 _____ l=Z?::a.i---::2=2-,,:;..0 -=13""-'0=---- -'-6 ...... 7 ___ 11----"-',6 _____ 6__.7 __ 
SUM 39,4 211 206,1 1160 144,6 856 
MEAN J,9!L 23.l 20,61 136,o 14,46 85,6 

Ayg~t ~0 SeQt, 3 Se:12t.1. lZ 
No. Klett Harvey Correct Klett Harvey Correct Klett Harvey Correct 

Units Units Kletts Units Units Kletts Units Units Kletts 

1 133 23.0 147 151 26.1 165 
2 288 49.8 605 121 20.9 125 122 21.1 125 
3 317 _54.8 790 138 23.9 150 120 20.8 124 
4 276 47.8 .540 ll2 17.J 113 93 16.1 93 
5 317 _54.8 790 210 36.2 280 164 28.4 180 
6 337 58.J 990 217 37.4 305 112 17.4 113 
7 308 53.3 720 152 26.3 168 107 18.5 107 
8 181 31.3 220 119 20.6 222 145 25.1 158 
9 311 53.8 760 142 24.6 152 99 15.1 99 
10 18'.f 32,0 226 --- 150 26.0 165 
SUM 436.1 5641 2)0.~ J,662 214,6 11,~ 
MEAN 48,5 626.8 25-2 184.2 ~1.46 1)2.2 
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TABLE C 

ENUMERATION OF BOT'l'OM FAUNA COLLECTED PER SQUARE FOOT SURBER SAMPLE 

Station Ja 

Volume in Milliliters 

Sample July 5 July 19 August 2 
Number Number Volmne Number Volume Number Volume 

l 72 .25 72 .32 187 .17 
2 77 1.10 104 .Jl 228 1.28 
3 119 .18 72 .26 226 1.01 
4 197 .26 109 .4o 256 .76 
5 141 .28 119 .2J 257 1.41 
6 175 1.53 147 .22 199 .J? 
7 42 .15 85 .12 217 .23 
8 49 .14 69 .14 219 1.45 
9 ll2 .21 163 .JJ 255 .57 

10 111 ,94 261 1,18 271 ,99 
Total 1095 8.74 1201 10.20 2315 5.41 

Sample August 16 August 30 September 13 
number Number .Volume· Number Volume Number Volume 

1 314 .66 351 .89 129 .74 
2 431 .70 258 .4o 172 .85 
3 )98 l.JJ 202 .58 no .82 
4 313 .58 253 .88 101 .43 
5 350 .. 48 201 1.68 212 .37 
6 20.3 .42 Jl6 .67 65 .15 
7 2)8 1.37 444 2.97 65 .64 
8 2.50 .33 253 .55 93 .36 
9 338 1.28 166 .62 214 .Z'? 

10 285 1,59 192 .96 127 ,78 
Total 3120 5.14 2636 3.51 1288 8.24 

( . 
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TABLE C (cont.) 

ENUMERATION OF BOTTOM FAUNA COLLECTED PER ~UARE FOOT SURBER SAMPlE 

Station 6 

Volume in Milliliters 

Sample July 5 July 19 August 2 
Number Number Volume Number Volmne Number Volume 

l 59 .09 252 .14 186 .36 
2 246 .64 123 .10 139 .29 
3 96 .10 238 .08 53 .24 
4 46 .06 505 .22 97 .13 
5 141 .14 405 .17 65 .13 
6 103 .25 108 .07 58 .15 
7 312 .33 266 .24 72 .34 
8 224 .20 Jll .28 62 .24 
9 289 .64 459 .69 43 ~14 

10 39 ,04 107 .15 39 ,11 
Total 1555 4.74 2774 4.0J 814 J.20 

Sample August 16 August JO September 13 
Number Number Volume Number Volume Number Volume 

1 387 .42 227 1.12 143 .37 
2 339 .75 360 .49 185 .48 
3 321 .40 32'7 .13 108 .44 
4 192 .4o 214 .35 152 .39 
5 773 .65 BJ .30 103 .23 
6 138 .45 267 -.57 74 .19 
7 116 .39 127 .24 121 .29 
8 106 .39 198 .35 70 .24 
9 150 .44 85 .23 95 .32 

10 165 .51 239 ,25 75 ,25 
Total 2,687 . 2.49 2127 2.14 1126 2.13 
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TA)3LE C (cont.) 

ENUMERATION OF BOTTOM FAUNA COILECTED PER SQUARE FOOT SURBER SAMPIB 

Station 7 

Volwne in Milliliters 

Sample July' 5 July 19 August 2 
Number Number Volume Number Volume Number Volume 

1 15 .11 53 .08 50 .JJ 
2 17 .15 45 .05 58 .22 
J 13 .08 Jl .04 37 .39 
4 8 .05 45 .06 45 .24 
5 12 .11 23 .02 58 .J6 
6 15 .13 64 .20 44 .13 
7 6 .10 44 .19 55 :.19 
8 18 .ll 27 .14 78 .17 
9 27 .15 66 .J? 60 .20 

10 23 .14 48 .22 65 .23 
Total 154 1.70 446 2.19 550 2.ll 

Sample August 16 August 30 September 13 
Number Nlnnber Volume Number Volume Nwnber Volume 

1 82 .28 102 .25 288 .47 
2 89 .18 107 .14 24-8 .21 
3 85 .17 107 .17 220 .15 
4 30 .07 299 .20 8 .04 
5 J2 .08 115 .26 173 .14 
6 65 .10 94 .11 153 .20 
7 J6 .15 91 .22 94 .12 
8 95 .15 91 .07 114 .22 
9 84 .23 350 .6o 276 .21 

10 88 ,29 175 ,17 196 .35 
Total 686 1.13 1531 1.37 1770 2.48 
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TABLE C (cont.) 

ENUMERATION OF BOTTOM FAUNA COLLECTED PER ~UARE FOOT SUR.BER SAMPLE 

Station 8 

Volume in Milliliters 

Sample July 5 July 19 August 2 
Number Number VoJ.ume Number Volume Number Volume 

1 Y1 .ll 375 .76 91 .10 
2 86 .10 137 .42 60 .o4 
3 99 .22 92 .26 77 .16 
4 67 .18 79 .46 41 .ll 
:5 65 .16 92 .31 65 .10 
6 66 .13 102 .17 24 .ll 
7 20 .05 63 .14 24 .08 
8 37 .15 58 .07 48 ~08 
9 4o .18 77 .15 28 .14 

10 50 ,21 75 .12 12 ,20 
Total 567 2.03 450 1.68 490 2.79 

Sample August 16 August JO September 13 
Number Number Volume Number Volume Number Volume 

1 148 .2J 301 .17 156 .JO 
2 1J5 .42 99 .14 95 .15 
3 137 .15 190 .26 153 .JO 
4 95 .11 147 .14 118 .23 
5 112 .25 5 .01 199 .25 
6 41 .09 152 .16 153 .35 
7 73 .16 192 .28 171 .38 
8 61 .18 121 .lJ 223 .J7 
9 43 .14 205 .25 190 .20 

10 144 ,Jo llO ,14 121 ,26 
Total .. 989 1.49 1522 2.86 1581 1.)2 
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A LIST OF ORGANISMS FOUND IN BEDS OF CHAHA SPP. IN THE 
WEST BRANCH OF ;'.ffiE srURGEON RIVER, 1957 
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This list is based on the taxonomic keys presented by Pennak (1953), 

Needham and Westfall (1955) , Frison (1935), Ross (1944) and Burke (195J). 

The organisms have been identified as far as possible or practical in 

the limited time available. 

VERTEBRATA 

DIPTERA 

Cottus bairdti 
Entosphenous lamottenii 

Tabanidae 
Chrysops spp. 

Rhagionidae 
Atherix variegata 

Simulidae 
Anthomyiidae 
Heleidae 

Palyom;yia spp. , 
?tychopteridae 

Ptychoptera rufocincta 
Stratiornyiidae 

Stratiom:yia spp. 
Tipulidae 

Tipula spp. 
Misc. 

ODONATA 
Libell ulidae 

Somatochlora hudsonica 
Somatochlora spp. 

Cordulegasteridae 
Cordulegaster obliquus 
Cordulegaster maculatus 
Cordulegaster spp. 

Gomphidae 
0Hhiogomohus mainensis 
Ophiogomphus asperus 

MEGALOPTERA 
Corydalidae 

Chauliodes spp. 
Sialidae 

Sialis spp. 



PLECOPI'ER.A 
Pteronarc idae .. 

Pteronarcys pictetii (= nobilis) 
Chloroperlidae 

TRICHOPI'ERA 
Rhyc ophil idae 

Rhyacophila vibox 
Philipotomidae 

Dolophilus moestus 
Psychomyiidae 

Genus B (7) 
Hydropsychidae 
Phryganeidae 

Ftilostomus spp. 
Limneph ilidae 

Astenophylax argus 
Pycnopsvche spp. 

Molannidae 
Mollana s_pp. 

Leptoceridae 
Leptocella albida 
Athripsodes spp. 
T:r_iaenodes marginata ( ?) 
Misc. 

Brachycentridae 
Micrasema rusticum 
Brachycentrus lateralis 
Brachycentrus americanus 

EPHEMEROPTERA 
Baetidae 

Ephemerella spp. 
Siphonlurus spp. 
Blasturus spp. 
Caenis spp. 

Ephemeridae 
Hexagenia recurvata 
Ephemera simulans 

MISCEILANEOUS INVERTEBRATES 
Annelidae 

Oligochaeta - Tubificidae and others. 
Hirudinea 

Amphipoda 
Gammarus spp. 

Gastropoda 
Gy;ralus spp. 
Aplexa hypnorum 

Pelecypoda 
Sphaerium spp. 
Pisidium spp. 

149 
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Multiple Range Tests 

Statistical analyses were performed on the peripbyton data to 

fin:i which pairs of means were statistically different. The data were 

tested two ways. First, the data were tested by stations to find groups 

of means at the different sampling dates that were not significantly 

different at the date of sampling. 

The data were first submitted to "F" tests. It was found by the 

"F" tests that station Ja didn1 t vary significantly through the sampling 

dates an:i that the sampling dates, July 9 and July 23 didn't va:ry be

tween stations. The remainder of the sampling dates and stati?ns were 

then su,bmitted to a "Multi.ple Range Test" (Duncan, 1957). This test 

groups means that are not significantly different and is designed for 

iooans that are derived from an unequal mnnber of samples. 

The general procedure of the test is as follows: 

Section A, involves an analysis of variance to determine 

the error standard deviation, "s". 

Section B, involves the computing of a critical value, R'p. 

The R'p value is obtained by multiplying the 11 s 11 value (sec

tion A) by the Zp value which is obtained from a table of 

values by Duncan (19.55). 

Section C. The letter is the coded station or date for which 

the res?3ctive iooan is presented beneath the letter. The 

number in parenthesis indicates the number of samples the 

mean is derived from. 

Section D. This section is the test sequence. The lowest 
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mean value is subtracted from the highest mean valtE. The 

difference is then altered to a prime value by multiplying 

it by the value Aij. The value Aij is derived as follows: 

Aij = -y 2RiRj/(Ri + Rj) 

Where: 

Ri equals the replication number of the lower 
mean. 

Rj equals the replication number of the higher 
mean. 

The primed value is then compared to the critical value, Zp, 

at the p value (section B) for two plus the number of means 

lying between the ranked means being tested. If the primed 

value doesn1 t exceed the Zp value the means and the intermed

iate means are not significantly different. I:f the prime 

value exceeds the Zp valoo the procedure is continued until 

the primed value doesn't exceed the Zp value using the largest 

mean am the next S1nallest mean. The procedure is brought to 

a close if the replication numbers of intermediate means is 

not greater than those for the means involved. If a larger 

replication number is present the test must be continued until 

the mean is utilized to see if the mean will be excluded from 

the tentatively grouped means. If all the means do not group 

on the first test seque~e, further seqoonces m~t be run, 

starting with the second highest mean with the lower means. 

This procedure is continued until all possible none different 

mean groups are obtained. 

The following pages cover the analyses ~rformed on the periphyton 

data. The values mentioned in the text may be observed here. 



a) 

b) 

c) 

,.;'.• 

"Multiple Range Test" to Determine the Stations 
Not Significantly Different in Periphyton on 

August 6, 1957 

Analysis of Variance 
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Source d.f. m.s s = ,;m.s. 
between stations 
error 

Critical Values 

p 
Zp 
R'p 

Ranked Period Means 

J ll59'3.5 
34 1179.2 

(2) (J) 
2.88 3.03 

98.89 104.04 

and Replication Numbers.* 

A 
35.5 
(10) 

D 
85.6 
(10) 

B 
109.1 

(8) 

-------
,4.JJ66 

(4) 
3.ll 

106.79 

C 
110.8 

(10) 

d) Test ~quence 

(C-A)' : 238 > 106. 787 
(C-D)' : 79 'j, 104.039 
(a-A) ' : 646 > 104.039 
(B-D) 1 : 70 fr 98.889 
(D-A)' : 158 7 98.889 

* The stations are coded as follows: 
A, Station Ja 
B, Station 6 
C, Station 7 
D, Station 8 

•• Two means appearing together in parentheses 
are not significantly different. 

result*• 

(CED) 

(A) 



a) 

b) 

"Multiple Range Test" to Determine the stations 
Not Signif icantzy Different in Periphyton on 

. August 20, 1957 

Analysis of Variance 

Source d.f. m.s. s = fines 
between stations 3 l,868,357. --------
error 35 98. 753. 314.24 

Critical Values 
p (2) (J) (4) 
Zp 2.88 3.03 J.11 
R'p 905 952 977 

c) Ranked Treatment Means an:l Replication Numbers• 

d) Test Sequence 

A 
141.6 

(10) 

(B-A)' = 337.49;:::,977 
(B-C)': 1892.00.7952 

C 
598.7 
(10) 

D 
626.8 

(9) 

B 
1197.0 

(10) 

:result** 

(B-D) • = 54cn.s5;;:,-905 (B) 
(D-A) 1 = 4596.6o> 9.52 
(D-C)' = 266.21;/,-905 (DC) 
(C-A)' = 14J.1-5.4<);>905 (A) 
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--------- -------
• The stations are coded as follows: 

A, Station Ja 
B, Station 6 
C, Station 7 
D, Station 8 

•• 1'w6 means significantly together in parentheses are not 
significantly different 

. i 



a) 

b) 

c) 

d) 

. ·-.·· ~::::- ·•- ··. -
., j ;·, •::< -- . 

"Multiple Range Test" to Determine the Stations 
Not Significantly Different in Periphyton on 

September 3, 195'1 

Analysis or Variame 

Source d.f. m.s. 
between stations 3 16,240.2 
error 35 3,906.0 

Critical Values 
p (2) (J) (4) 
Zp 2.88 J.03 3.ll 
R'p 179.99 189.36 194.37 

Ranked Treatment Means and Replication Numbers• 

A B C 
128.8 174.4 176.7 

(10) (10) (10) 

Test Sequence 

(D-A) 1 = 529.57 > 194.37 
(D-B) 1 = · 97.58 ;p 189.36 
(C-A)' = 151.47 ~ 194.37 

• The stations are coded as follows 
A, Station 3a 
B, Statton 6 
C, Station 7 
D, Station 8 

D 
184.7 

(9) 

result* 

(DCB) 
(ABC) 

** Two means appearing together in parentheses are not 
significantly different. 
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s = -{m.s. 
--------
62.498 



a) 

b) 

c) 

"Multiple Range Test" to Determine the StatioM 
Not Significantly Different in Periphyton on 

September 17, 1957 

Analysis of Variance 

Source d.f. m.s. 
between stations 3 36,767.7 
error J6 2,561.6 

Critical Values 
p (2) (J) (4) 
Zp 2.88 J.0J J.11 
R'p 145.77 153.37 157.42 

Ranked Treatnent Means an:i Replication NumberS-

A 
66.3 
(10) 

D 
132.9 

(10) 

C 
173.0 

(10) 

B 
207.5 
. (10) 

d) Test Sequence 
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s = l' m. s. 
--------
50.6162 

result*• 
(B-A)' = 446.0 -:7157.42 
(B-D) 1 : 235.0 7153.37 
(B-C) 1 : 109.0 .fr 145. 77 
(C-A) 1 : 337 .4 '7153.37 
(C-D) 1 • 126.0 P,145.77 
(D-A) 1 : 210.0 7145.77 

• The stations are coded as follows: 
A, Station Ja 
B, Station 6 
C, Station 7 
D, Station 8 

(BC) 

(CD) 
(A) 

•• Two means appearing together in parentheses are not 
significantly different. 



a) 

b) 

c) 

"Mult1ple Range Test", to Determine the Sampling Periods Not 
Significantly Different in Periphyton at Station 6 

Analysis of Variance 
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Source d.f. m.s. s =-y'rn.s.' 
between periods 5 1,919,476 --------
error 52 389,653 624.3 

Critical Values 

p (2) (3) (4) (5) (6) 
Zp 2.84 2.99 3.09 3.15 J.21 
R'p 1773.0 1866.7 1929.1 1966.5 2004.o 

Ranked Treatment Means and Replication ~umbers• 

A 
39.3 
(10) 

C 
109.1 

(8) 

B 
llJ.3 

(10) 

E 
174.4 

(10) 

F 
207.5 

(10) 

D 
1197.0 

(10) 

d) Test Sequence. 

(D-A) • = 366o.99;::,, 2004.o 
(D-C)' = 9670.12 71966.5 
(D-B)' = 3426.98 7 1929.1 
(D-E) ' : 3233. 76 71866. 7 
(D-F)' = 3129.09 71173.0 
(F-A) 1 = 531.89 .J7 1966 • .5 

CBEFA: (F-C)': 874.65 :/71929.1 

• The sampling dates are coded as follows: 
A, July 9 
B, July 23 
C, August 6 
D, August 20 
E, September .3 
F, September 17 

** Two Means appearing together in parent~ ses are not 
significantly dtfferent. 

(D) 

(CBEFA) 
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a) 

b) 

"Multiple Range Test11 to Determine the Sampling Periods Not 
Significantly Different in Periphyton at Station 7 

Analysis of Variance 

157 

Source d.f. m.s. s = ~ 
5 391,905 between periods 

error 54 20,162 141.99 

Critical Values 

p (2) (3) (4) (5) (6) 
Zp 2.84 2.99 3.09 J.15 3.21 
R'p 40).25 424.55 4)8.75 .447.27 455.79 

c) Ranked Treatment Means and Replication Numbers• 

A 
46.9 
(10) 

d) Test Sequence 

C 
ll0.8 

(10) 

(D-A)' = 1744.96..7 455.79 
(D-C) 1 = 1_542.89 ::,,- 447 .29 
(D-B) 1 = 1474.58 7 4J8. 75 
(D..F) 1 : 1)46.19 7 424.55 
(D-E)': 13J4.49~ 40J.25 
(E-A) 1 a 410.47_:r447.27 

B 
132.4 

(10) 

F 
173.0 

(10) 

E 
176.7 

(10) 

* The sampling dates are coded as follows: 
A, July 9 
B, July 23 
C, August 6 
D, August 20 
E, September 3 
F, September 17 

D 
598.7 

(10) 

result•• 

(D) 
(ACBFE) 

**Two means appearing together in parentheses are not significantly 
different. 
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a) 

b) 

c) 

d) 

'-. 

"Multiple Range Test" to · Determine the Sampli~ Pericxis Not 
Significantly Different m Periphyton at Station 8 

Analysis of Variance 

158 

Source d.f. m.s. s = -Vm.s. 
between periods 5 440,470. -------
error 52 12,842 113.323 

Critical Values 

p (2) (J) (4) (5) (6) 
Zp 2.84 2.99 J.09 J.15 J.21 
R'p J2l.84 338.84 350.17 356.97 J6J.?7 

Ranked Treatment Means and Replication Numbers• 

(A) (C) (F) (B) (E) (D) 
23.1 85.6 132.9 136.0 184.7 626.8 
(10) (10) (10) (10) (9) (9) 

Test Sequence 
result*• 

(D-A)' = 5719.2 ::::,,363.77 
(D-C) 1 = 5127.l >356.97 
(D-F) 1 = 4679 .o 7 350 .17 
(D-B)' = 4649.6 7 338.84 
(D-E) 1 = 3987 .9 ::::=--.321.84 (D) 

. (E-A) 1 = 1530.97.356.97 
(E-C) 1 = 938.8 ;;- 350.17 
(E..F)'. 490. 7 ;::,,-338.84 
(E-B)' = 461.4 ?)21.84 (E) 
(B-A)' = 357.0 .7350.17 
(B-C) I = 159.4.:P 338.84 (CFB) 
(F-A)' = 347.2 >338.84 
(F-C) 1 = 149.6.$: 321.84 
(C-A) I • 197.6 /321~84 (AC) 

* The sampling dates are coded as follows: 
A, July 9 D, August 20 
B, July 23 E, September 3 
C, August 6 F, September 17 

** Two means ap?'aring together in parentheses are not 
significantly different. 
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