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ABSTRACT

This study investigated the effects and biotogical
significance of various seasonal factors on maximum ( in still
water) and minimum (in current) buoyancy attained by fathead
minnows, Pimephales promelas.

Fish were arways ress buoyant in current than in stifl_
water. Maximum and especially minimum buoyancy varied
seasonalty depending upon the effects of various seasonal
factors, such as maximum tor-erable water velocity, water
temperature ' photoperiod and condition of the fish. Buoyancy
also varied seasonal-ly independent of variation in wa-Eer

velocity and temperature " There was no significant effect of
time of year on maximum or minimum buoyancy attained by fish
held under constant environmental conditions"

To further explain these seasonal differences, the effects
of photoperiod-, sex' sexuar- deveropment, fat content and

condition of the fish on buoyancy were d,etermined. smafl_ and

large fish showed different buoyancy responses in current at
various spring photoperi-ods after simulated winter conditj-ons
and small fish were always less able to reduce buoyancy than
large fish at t5oc. Arso, rength of exposure (1 or / days) to
a particular spring photoperiod had no significant effect on
buoyancy' Long-term (3 weeks) exposure to various constant
photoperiods and changing photoperiod, as well as direction of
change affected buoyancy in stilr- water and in current at t5oc,
No consistent trend in buoyancy response was observed when the
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effect of photoperiod was tested in isol-ation from other
factors,

There was no significant difference in buoyancy attained
between femal-e and male fish in either still water or current.
However, buoyancy decreased significantly especially in
current as sexual development increased.

Buoyancy increased significantry in stil-l water and in
current with days of starvation. Also ¡ âs coefficient of
condition decreased in starved fish, buoyancy increased

significantly in current but onry srightly in stirr warer.

Fat content, determined by a densitometric method, had no

s'ì ¡tni f i n¡nt cffonf nn lrrrnrrrD¿É¡¡rr¿uqrru ç*--- v -*,., lnOy.

Seasonal changes in buoyancy were related to water

vel-ocity, water temperature, photoperiod, size, âge, sexual

development and condition of the fish. These factors interact
to inftuence buoyancy.
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INTRODUCTÏON

The ability to reduce swimbladder volume and thus buoyancy

as water velocity increases and to increase swimbladder volume

to attain near neutral buoyancy when stil-l water is encoun-

tered is a common adaptation amongst North American stream-

dwelling fish (Gee et at. 1974), A variable buoyancy enables

fish to successfully occupy a lotic environment, where water

velocities vary considerably in time and space, The

ennronrì ¡tC hrlnrrannr¡. wi fh ¡a¡nan{- {-n r^'ñf ê1. r¡al nn i l.r¡ normi *e@JJ-L/I vyr faUç UuUJalIUy t YvI UIMÞyçU U trL, YYA.UU! vçfUUL VJ t },u!rlll UÐ

efficient movement in still- water and maintenance of position
in faster waters with minimum expenditure of energy ( Saunders

1965; Gee et al-. L974; Gee and Gee 7976; Berezay and Gee 7978),

Buoyancy is affected by the size cf fish (Gee 1968, 1972,

L977; Machniak and Gee L975; Berezay and Gee 7978), water

vel-ocity (Neave et al , 1966; Gee Lg?|), water temperature

(Pinder and Eales 7969; Gee 19??) and by an interaction
between water velocity and temperature (Berezay and Gee 79ZB),

These factors interact to influence buoyancy. 0ther factors
affecting buoyancy, especially those related to season, remain

largely unknown. Neave et al, (7966) and Pinder and Eales

(f969) found seasonal variations i-n buoyancy in still water

and in current, which were related to si_ze of fish and water

temperature, in juvenile Atlantic salmon (Salmo salar).
The greatest demand on temperate stream fish to hold

position is during spring runoff, when velocities are greatest

and waters are cold. Yet, the extent of reduction in buoyancy

in current by fathead minnows (Pimephales promelas) is minimal_
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at cold temperatures (Cee L97?), Gee (1977 ) suggested that

other variables related to seasonal change, such as photoperiod

or increasing water temperature could stimulate a greater

decrease in buoyancy at cold temperature ranges.

The purpose of this study was to assess effects of season

and its dependent variables on maximum and mi-nimum buoyancy

attained by fathead minnows. Primary objectives were to

determine if buoyancy varies (1) seasonally with water vel-ocity,

water temperature, photoperiod and possibly other related

factors, (2) seasonatty but independent of variation in water

wel or:.ì tw an6 tcmneratllre arr ¡/ 2 \ 'ì 'l rr Jrrrt i nÄong¡flg¡f, OfuçurPçtauurv @¡l,L¿ \)) ÞEAÞUlta!!J UUU ¿lruçy',

variation in direct environmental cues. Secondary objectives

were to determine effects of photoperiod, sex, sexual

development, fat content and condition of the fish on buoyahcy,

to further explaì-n any seasonal- di-fferences found.



MATERTALS AND ]\MTHODS

Fathead minnows were collected periodically from crystat
creek, ârì interrnittent stream in Manitoba. Environmental_

variables including photoperiod, ai-r temperature, water
temperature, salinity, cond.uctivity, oxygen, ÞH and secchi
disc transparency were measured for each time of colrection
l'An-o^.ìi- 1\\ð},yvr.rur-r! L), Fish were transported. to the l_aboratory in
Crystal Creek water, in styrofoam coolers with plexiglass
windows in the top, to maintain field photoperiod and water
temperature" Fish were fed retramin flakes or Trout starter
(No. 3) once a day, except z+ h prior to buoyancy measurements"

To determine maximum and. minimum buoyancy, fish were held
in either still- water or current, respectively, for
approximately ZL| h (çee L7TZ), current was created, in an

aquarium (go x 44 x 4i+ cm) using the design of Gee and Bartnik
(1969) , vrlater depth was about 6 cm and no substrate was

present. Maximum water veloci-ty was set such that all fish
could hold position without resting against the back of the
stream tank. The mean verocity in any verticar_ velocity curve
occurs at about six-tenths of the depth (Grover and Harrington
1966). Therefore, water vel-ocity was recorded by averaging
six measurements from different locations tây'en z,J cm from
the bottom with an Ott current meter (Type C1). Still water
conditions were created in an 4quari_um (90 x 44 x 44 cm) using
only a gently bubbling airstone. vùater dechlorinated by the
charcoal method was continuously exchanged in all aquaria to
prevent build-up of wastes.
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To measure buoyancy, fish were dip-netted from eiiher

si;ill- water or current, anesthetized wiih MS-222 (ethyl

m-aminobenzoate methanesulfonate) and sv¿imbladder vol-ume and

weight of gas-free fish in water were measured using the

procedure of Gee (1970). Buoyancy was expressed by dividing
the swimbl-adder vol-ume (+ 0.001 mL) by the weight (+ 0.001 g)

_1of the gas-free fish in water, where 1.0 mT,'g - is neutral-

buoyancy. The difference between the weight (g) of the fish in

water with its swimbladder inffated and the weight (g) of the

gas-free fish in water equals swimbl-adder volume (mL), because

at a given depth 1 mL voume of gas supports 1 g of fish tissue,
assuming that ihe specif ic gravity of rvater equ.als 1 " 0 " No

correction to swimbladder volume was made for depth of capture

because the hydrostatic pressures resulting from depths in the

aquarium (maximum 40 cm) were negligible in buoyancy measu.re-

ments (Cee et at" f974). The temperatu.res of the anesthetic

sol-ution and v¿ater bath in which fish v{ere weiehed were similar
to the one in which fish v,/ere held and tested. Bu.oyancy

measurements were made during mid-day in afl- experiments.

Eçasonaf factors

To determine if maximum (in stil-f \,,'ater) and minimum (in

current) buoyancy varies (A) seasonally and (B) seasonal-ly but

independent of vari ation i n rvater velocity and 'r,eilperâtu7'e ,

fish were collected from the field, divided into ir'vo grou.ps

and each group was held and tested under ihe apÐropriate

conditions ( Table L) . Fish were coll-ected app::oximately once

a monih from June L976 to May L97B when possible, since ouring
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winter fish populations were subjected to partial winter kilt,

Group A fish were held in the laboratory for 6 days before

testing buoyancy, âs this was the minimum time found. for fish

to recover from the stress of capture and transportation

(Appendix 2), The lowest water temperature which could be

obtained in the laboratory was 5oC and therefore, fish

collected from temperatures less than this were hel-d and

tested at 5oC, Fish were acclimated to desired temperatures

by allowing at least 1 day for every 7,5oC change. Temperatures

were control-l-ed to within + O' 5oC. Photoperiod was regulated

by 60 watt incand.escent bulbs on 24 h time clocks ' To

determine if maximum and minimum buoyancy varies (C) seasonatly

but independent of variati-on in direct environmental cues 
'

fish were collected in May L976 and acclimated to laboratory

conditions for 2 months before the start of this experiment

(fabte 1). Group C fish were held. at a temperature of 5oC to

slow down growth of the fish and, then acclimated to L5oC for

B days before testing buoyancy in order to compare results

with group B. Batches of fish from group C were tested at

times of the year simil-ar to those of groups A and B. Ïn each

group, buoyancy measurements were made on eight fish from

stitt water and eight fish from current, Fish tested were of

similar size (4.3 - 5,? cïr¡ fork length) and both sexes were

used at random"

Tn addition to buoyancy measurements' weight in air, fork

length, sex and. the coeffi-cient of condition (K) were

determined" K was calculated according to the method of Hile
I

{1936), where K = weight (S) å length/ (cm) x 1OO"
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variation in either maximum or minimum buoyancy by group

A fish woul-d reflect combined effects of various seasonal

factors such as water velocity, water temperature' photoperiod

and possibly others. Variation by group B fish would reflect

effects of field photoperiod and possibly other related factors.

Group C fish would reflect effect of time of year, independent

of variation in direct environmental cues' Suggesting an

endogenous influence on buoyancy.

Various seasonal factors, such as photoperiod' sexual

rlor¡elnnmpnt- fat Content and condition of the fiSh were thenuu v vrv vrrrv¡¡ u t

further studied to determine their i-nfluence on seasonal

variations in buoyancy found in groups A and B. Ïn all

following experiments photoperiod. was regulated by 40 watt

incandescent bulbs on 24 h time clocks.

Pho toperio d

Size of fish and length of exposure to various spring

photoperiods. To determine if the abitity to reduce buoyancy

in current following spring break-up was affected by photo-

period, fish collected in June f976 were held in simulated

winter conditions of darkness at soC for 5 months from

December Lg76 to April 79?? " Two size groups of fish (3.3

4.5 and 5.5 - 6.8 cm) were then acclimated to I5oC for 7 days

and exposed to photoperiods of either 8.5, 7o^5, 72.5 or L4"5 h

for either 1or 7 days of the acclimati-on period. In each

treatrnent, buoyancy was measured on eight fish after 24 h in
1

current (35 + 2 cm"s-1) at lsoc,
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For the rest of the experiments, fathead minnows were

collected in October or November L977 and held at 5 ot 7L"C

and at a 72 h photoperiod.

Long-term exposure to various photoperiods. To determine

effects of long-term exposure to various photoperiods on

maximum and minimum buoyancy, groups of fish (4,5 - 5.7 cm)

were accli-mated in December Ig77 to t5oC and photoperiods of

either 9, f}.5u 72, L3,5, !5 or 16,5 h for I weeks. At each

photoperiod eight fisir were held in still water and eight fish

in current (35 + 2 "*.=-1¡ at rsoc for 2+ h before measuring

't^.,^*.^-^.,
LJL¿uJ d.lluJ €

IJecrea si n¡' anf i nerea si n¡t I enr¡th 6 f nhnf nnori nrì - TOvuvll¡a vr VIMVVv!fvuo

determine effects of decreasing and increasing photoperiods on

maximum and. minimum buoyancy, fish (4"5 - 6,0 cm) were divided

into four groups and exposed from February to April L978 to

either simulated. summer, autumn, winter or spring photoperiod

regimes. Photoperiod was decreased or increased at a rate of

30 min per week, similar to nature. Each group was acclimated

to tsoC and to the photoperiod regime which is encountered in

nature prior to the photoperiod regime tested, for J weeks.

Photoperiod was then either decreased or increased over B

weeks and buoyancy was measured in each group every 2 weeks

(tabte 2). At each photoperiod tested, eight fish were held
1

in still- water and eight fish in cument (35 + Z crìos r) at

t5oC for 24 h before measuring buoyancy.
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Sex and sexual development

To determine effects of sex and sexual development on

maximum and minimum buoyancy, adult fish (5.0 - 7"0 cm) were

set up in four aquaria (90 x 44 x 44 cm) at a density of about

45 fish per tank and grad,ually acclimated to TIoC and to a

photoperiod of 76 h over J weeks. Each aquarium contained a

gently bubbting airstone, ârr opaque cover to decrease light

intensity from a 4O watt overhead light source and spawning

tiles of PVC piping and broken clay fl-ower pots. Approximately

once a month for 4 months, from March to June 7978, a batch of

about 10 female and l-0 mal-e fish were held in still water and

another batch i-n current (40 + z cm.s-1) at |Loc for 24 h

before measuring buoyancy. Fish were then drip-dried for 1- h

to obtain total body weight and then gonads were removed and

weighed, The weight of the gonads divided by the total body

weight was used as an index of gonad development. The largest

ratio of gonad:body-weight for each sex was assumed to be f00%

sexual development. Sexual development was then calculated for
e¡eh sex hw the formula:

'/" sexrìât rteweronment = - gonad:þody:weigh! -ratio - * lôôlargest ratio of gonad:body-weight " ¿vv

Cgndition and fat content

The effect of condition on maximum and minimum buoyancy

was exarnined in fish (5,2 - 6,? cm) acclimated to L5oC, a

photoperiod of LZ h and fed daily for 4 weeks. 0n day 0

feeding ceased and all debris was removed from the aquarium.

Buoyancy was measured after 0, 4r 8, !2, 16, 20, 2+, 36 and 6O
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RESULTS

Seasonal factors

Group A fish. Both maximum (in stilt water) and minimum

(in current) buoyancy varied significantty (p.0.05, one-way

analyses of variance; Appendix 3) with time of year (FiS. 1A).

The pattern of variation also differed between the 2 years of

the study. Fish were close to neutral buoyancy in stitl water,
4

varying from a mean of O.9OO to 1",0L5 mT,'g-', with the lowest

buoyancy values occurring i-n breeding fish and the highest

values in the coldest waters. In current, fish were negatively
4

buoyant, varying from a mean of 0"523 to O,B7? ilL'g-', with

the lowest buoyancy values in May or June of each year. This

coincides with the potential for high tolerable water velocity
--,r r^i -t- r^r-r-a1., l-omnor¡trrro _ A I onrt nhotoneri n j ¡nfl the Staftd.l ]\.L II-LÈ;lI YYd" tJgI trÇIlrPçI G UUI ç t 4 Ivl¡ó }J¡rv uvPe! Ivs q¡¡u vllr

of the breeding season. Fish tested in April of each year

during spring run-off showed a minimal ability to reduce

buoyancy in current, especially in L977, when fish were

parasitized (Fie. 1A).

The maximum tolerabl-e water velocity, water temperature

and photoperiod in which fish were tested varied throughout

the year (FiS. 18) (Appendix 4). The coefficient of condition

varied seasonally with the lowest values occurring in the

spring and the highest value in May L977 in breeding fish
/rr.ì - .lñ\
\r'-Lóa Lvl o

The single linear regressions of buoyancy attained in

stiIl water on water temperature, photoperiod and coefficient

of conditon were significant (p < 0,05, single linear



Figure l" (A) Mean buoyancy (n = B) attained by group A

fish over 2 years of study in still water (open circles) and

in current (closed circles). vertical lines represent 95%

confidence fimits on the mean (those < o.ol4 are not shown).
(B) Maximum tolerable water verocity ( o-o ), water
temperature ( o---o ) and photoperiod ( o----o) at which
fish were tested. ( c ) wtean coef ficient of cond.ition
(n = B) for fish tested in stitl water (open circtes) and

in current (closed. circles)" OnIy one side of the 95%

confidence limits on the mean is shown ( those < o. o3o are
not shown).
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regression analyses; Appendix ¿l) in group A fish. Tn current,

the regressions of buoyancy on water velocity, water

temperature, photoperiod and coefficient of condition were also

significant (p. o.o5' single linear regression analyses;

Appendix 4). The slope of the regression line and the

percentage of the total variation that is explained by the

regression ("2) for each factor are as follows:

Still water Current
t)

Factor Slope r' (/,) Slope Y" (%)

Water velocity -O.O057 20,0

ïVater temperature -0,0025 10'3 -O "0076 72,2

Photoperiod -0.0041 4 "2 -0 " 0187 70,9

Condition -o.0?8? 4,5 -0 ,2470 4 "2

Group B fish. Independent of variation in water velocity

and temperature, both maximum (in stilt water) and minimum (in

current) buoyancy varied significantly (p< 0.05, one-way

analyses of variance; Appendix J) with time of year (FiS.2A).

Tn still- water, fish were close to neutral buoyancy varying

from a mean of 0,833 to 1"006 ml.g-r and. in current, negative

buoyancy varied from a mean of 0 .556 to 0,g33 ml,.g-1. The

ability to reduce buoyancy in current was minimal in midsummer

of each year and when fish were parasitized in April L977 (Fig.

2A), Photoperiod and coefficient of condition were the factors

varying over time for group B fish (FiS. 2B and C). The

pattern of variation also differed between group A and B físh
(Fis. 1A and 2A).

The single linear regression of buoyancy attained in



Figure 2. (A) Mean buoyancy (n = B) attained by group B

fjsh over 2 ve¡rq nf stt:dw in still water and in currentf ¿ prr

35 cm"s-1) at 75oC. (B) ptrotoperiod at which fish were

tested, (C) Mean coefficient of condition for fish in

still water and i-n current. Notation as in Fig. 1'
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1B

stitl water on coefficient of condition was sienificant
(p <0.05, single linear regression analysis; Appendix 6), but

photoperiod was not significant (p >0.05, single linear
rertressi on ennlwsi s: Annend'ì - Áì 'in onnrrr-¡ f, f i sh. Tn nlrrrpnt-r çót uÐÈrvlr a¡IalJ È¿È t oyye¡fu¿^ v I ¿¡r ó! vVL' Ð vq! r uI¡ U,

the resressjons nf hllôvann\¡ nn nllnr-nnani 96l and COeffigient OfvIIv err¿v¡rÐ vuvJsLLvJ vrl },l¿v uv},v! ¿

condition were significant (p < 0"05, single linear regression

analyses; Appendix 6), The slope of the regression line and

the nernentR¡re of the total variation that i s exnl aìnerì Ïrr¡ thpv1rì/¿sr¡rvu uJ vtlv

,
regression (r') for each factor are as foll-ows:

Still water Current
/Slope ru (%)

0.0225 17"2

-o "3619 8.2

Factor

Pñ^Î^ñôFì 
^^

Condition

12 (%)

Q2

Not sienificant

-n_1ôoq

Group C fish. For fish held under constant laboratory

corrditions of a 12 h photoperiod, and t50C, the effect of time

of year on maximum (in still- water) and minimum (in current)

buoyancy was not significant (p >0.05, two-way analysis of
variance; Appendix f ) over the first 14 months (¡'ie. 3A).

There was a significant difference (p <0.05, two-way analysis

of variance; Appendix 7) between buoyancy in stilt water and

in current" fn still water, fish were close to neutral
buoyancy with an overall mean of 0.981 ml.g-1 and in current

the overall mean negative buoyancy was o .686 ,nf, " g-1 ( FiS. 3A ) "

Tnteraction between water velocity and time was not

significant (p > 0"05, two-way analysis of variance; Appendix

7) and thus extent of buoyancy adjustment was similar at al-t

times over the first 1l¡. months" The extent of buoyancy



Figure 3. Effect of constant environmental conditions on

mean buoyancy (n = B) attained by group C fish in still

water and in current 35 "*"=-1) at ]1so}. Horizontal lines

rênreqent mean llrnr¡enni es frOm JUIV L976 -t-^ ^''-'^+- t n77 invuvJurrv¿vv -/tv tru frtléLrÞU 17

stitl water and in current. (B) Mean coefficient of

condition for fish in still water and in current.

Horizontal Iine represents mean condition for all fish

from JuIy L976 to August L977 ' Notation as in Fig. I'
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2L

adjustment is the difference in mean buoyancy between still

water and current"

The coeffici-ent of condition increased several months

after the fish were brought into the laboratory and then

remained relatively constant over the first 14 months, with an

overall mean of L229 (Fig. 38). Fish tested in September and

October 1g?? showed a decrease in coefficient of condition and

mean buoyancy attained. in current increased to almost neutral

(Fie. 3A). Group C fish gradually died from September to

November L977,

Þhn*nnari nd

size of fish and length of exposure to_various spring

photoperiods. The effect of length of exposure to photoperiod

(1 Õr ? ¿aws) ^+'+^- ^.ì-,,reted winter darkness on buoyancy\ -L L./ I ( vaJ Ð ) t d.J- Uçr ÞItlrulc

attained in current was not significant (p> 0.05' two-way

analyses of variance; Appendix B) in either smal-l- or large

fish. Data for I and ? day exposures were then grouped in

both small and large fish and re-analyzed. Size of fish and

photoperiod, each had a significant effect (p < 0.05, two-way

analysis of variance; Appendix B) on buoyancy attained in

current (Fig. þ). Tnteraction between the effects of size and

photoperiod was significant (p <0"05, two-way analysis of

variance; Appendix B), indicating that they are dependent

effects, Large fish attained the lowest mean buoyancy (0.601
.1- -¿ \ .r¡r.g / rn current at a photoperiod of 74,5 h and smal-I fish

attained it (0.760 mT,.g-1) at a photoperiod of L2,5 h (Fig. 4)



Figure +, Effect of various spring photoperiods

buoyancy (n = L6; except for sma1l fish at 8,5 h

10.5 ft n = L3, large fish at fO.5 h n = I4) in
I(35 cm.s-t) at L5oC by small and targe fish, with

confidence limits on the mean.

on mean

71 = 12
L-.,

current
o <ol
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õrlt-+

Long-term exposure to vari-ous photoperiods. The effects

of water velocity (stíI1 or current) and long-term exposure to

photoperiod on buoyancy attained by medium sized fish were

significant (p < 0.05, two-way analysis of variance; Append.ix

9)" The lowest mean buoyancy in still water (O.9eS mL.g-')

and i-n current (0.596 mL.g-') was attained at a photoperiod of
r | ã. /\L2 h (Fie. 5), Interaction between the effects of water

velocity and photoperiod was not significant (p > 0.05, two-way

analysis of variance; Appendix p) and thus extent of buoyancy

adjustment was similar at all photoperiods.

Decreasing and increasing length of photoperiod. The

effects of water velocity (still or current), decreasing

photoperiod and their interaction on buoyancy were significant
(p <0"05, two-way analysis of variance; Appendix 10) (Fig. 6 I
and II). The significant interaction indicated that water

vel-ocity and decreasing photoperiod were dependent effects and

thus extent of buoyancy adjustrnent varied with photoperiod. A

very low buoyancy in current occurred with a decreasing

photoperiod at 73,5 and 9.5 h (FiS. 6 r and II).
The effects of water velocity ( stiff or current) and

increasing photoperiod on buoyancy were significant (p <0,05,

two-way analysis of variance; Appendix 10) (nig. 6 III and IV).
fnteraction between the effects of water velocity and

photoperi-od was not significant (p> 0.05, two-way analysis of
variance¡ Appendix 10) and thus extent of buoyancy adjustment

was similar at atl increasing photoperiods (Fig. 6 III and IV),
The direction of change in photoperiod also affected buoyancy



Figure 5. Effect of long-term exposure to photoperiod on

mean buoyancy (n = B) attained in stil} water (open circles)

and in current (35 
"*'"-I) 

(ctosed circles) at 15oC, with

a1q, r:onf i rlenee limits on the mean. Confidence limits < 0.014/ )/"

are not shown.
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Figure 6. Effects of decreasing (r and rr) and increasing
(rrr and rv) photoperiods on mean buoyancy (n = B; except
at increasing 16 ,5 h in current n = 6) attained in stirr
water (open circres) and in current (35 

"*"=-l) 
(closed

circles) at Lsoc, with 95% confidence limits on the mean.

confidence limits < o.orþ are not shown. Mean buoyancies
of fish tested at a decreasing (in group r and rr) or
increasing (in group rrr and. rv) photoperiod of rz,5 h were

similar" Therefore, eight fish were randomry chosen from
the two batches in order to join group r to rf and rrr to rv
in still water and in current.
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þ2/

attained in still water and in curuent (Fig" 6),

Fish tested at decreasing photoperiods of 13"5 and 9,5 h
and increasing photoperiods of LJ"J and 76.5 h were observed

to be in breeding condition and this may have affected the
ñ^-,.'l +^I EÒUI Uù.

Sex and sexual development

Slopes of regression lines for female and male fish were

not significantly different (p >0"05, analyses of covariance;

Appendix 11), in either stitl water or current. îhere was

also no significant difference between treatments (sex)

(p >0.05, analyses of covariance; Appendix 11), in either
still water or current. Therefore, single regression lines of
f = 0,979 - 0"0007 X for stitt water and Y = 0,784 - 0.0042 X

for current suffice for combined female and male data (Fig" T),
Buoyancy attained in sti1l water and in current decreased

significantly (p <0.05, analyses of covariance; Appendix 11)

with increasing sexual- development, with a greater decline

occuruing in current (Fig,7). Thus extent of buoyancy

adjustment increased with increasing sexual development.

Variation in the buoyancy attained in current was greatest

amongst sexually undeveloped fish.

Condition and fat content

Mean buoyancy of starved fish increased significantty
(p < 0.05, single linear regression and lack of fit analyses;

Appendix 12) with increasing time of starvati-on in both still



Figure 7. Effect of sexuar development on buoyancy attained
in stirl water (open circles) and i-n current (40 

"*.=-1)(closed circles) at zLoC. Lines represent significant
regression lines for combined, female and mare fish in still
water and in curyent.
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water and in current (Fig, B). Regression lines are

Y = 0,985 + 0.OOO4 X for still water and Y = 0"77L + 0.0021 X

for current"

Mean coefficient of condition decreased over 60 days of

starvation (Appendix L2), but the relationship between

coefficient of condition and buoyancy attained in stilt water

was not significant (p > 0.05, single linear regression analysis;

Appendix I3). Although non-significant, there was a" slight

decreasing trend, in buoyancy in stil-I water with increasing

coefficient of condition (Fig " 9), Buoyancy attained in

current by starving fish decreased significantly (p . 0.05'

single linear regression analysis; Appendix 13) with increasing

coefficient of condition (Fig. 9). The regression line is

y = L.ZVO - 0.4348 X, Thus extent of buoyancy adjustment

increased with increasing coefficient of cond.ition (Frg. 9).

Fat content in starved fish varied from L6,2 to /B.L%,

but there was a non-significant (p > 0.05, single linear

regression analyses; Appendix t4) effect of fat content on

buoyancy attained in either stitl water or in current"



Figure B. Effect of starvation on mean buoyancy (n = B)

attained in still water (open circles) and in current
(35 cm's-t) (closed circles) at L5oC, with 95% confidence

Iimits on the mean" Confidence limits < O.Ol4 are not

shown. Lines represent significant regression lines.
Mean indicated by a was omitted from analysis.
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Figure 9, Effect of coefficient of condition on buoyancy

attained by starved fish in still water (open circles)
and in current (35 

"*.=-I) 
(closed circles) at L50C.

Lines represent significant regression Iine for current

and non-significant for still water.
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DÏSCUSSTON

Fathead minnows attained a near neutral buoyancy in stilr
water and reduced buoyancy when exposed. to current" There was

seasonal- variation i-n maxj-mum (in stil_l water) and mini-mum (in
nllrrpnl I Ì,rt.,.rânot¡ l'crrn'.,t, A f i ch I Äono^Ài no ,,-^- +t ^uLtrr crrt¿) ul.-tuJ*-,-., \brvqy ¿! ¿¿e!Lt gvt/vr¡srr1õ uyvrr urrç effects of

various seasonar factors, such as maximum tolerable watrer

verocity, water temperature, photoperiod and. condition of the
fish. The pattern of variation also differed between the z

years of the study" rndependent of variation in water
velocity and temperature, maximum and minimum buoyancy still
varied seasonally (group B fish), suggesting that photoperiod,
sexual development and condition of the fish may affect
buoyancy. The seasonal pattern of variation between group A

and B fish differed, indicating that water velocity or
temperature or both affect buoyancy. Maximum and minimum

buoyancy did not vary with time of year under constant
environmental conditions (group c fish) showing that there was

no endogenous influence on buoyancy. Buoyancy appears to be

affected by external- factors so that it can be ad.justed
rapidly to sudden and unexpected changes in the environmenr.

This type of behavioural plasticity is colnmon in North
American stream fi qh ( eao et al . 7gT4) ,

Vrlater temperature and velocity
Ïn sti11 water, âs temperature decreased. buoyancy increased

from slightly negative to positive (group A fish) (negative
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slope of regression line). Similar effects of temperature
were obtained by Gee (LITT ) in fathead minnows. Such a
positive buoyancy at very 10w temperatures could be adaptive.
Magnuson and Karr-en (tgzo) showed that in an ice-covered lake
oxygen depretion started at the bottom and proceeded upward in
the water column" Fathead. minnows were observed to move up in
the water corumn as oxygen became depleted at lower r_evers
(MiÌ]s 7972)" They have also been observed to ventilate their
gills with water drawn over the surface of gas bubbres
containing oxygen' found at the ice-water interface or to.take
a bubble into their buccar- cavity and pass water over it
(Klinger 1978), Therefore, a positive buoyancy at col-d
temperatures wourd arrow fish to remain at the ice_wa-uer
interface with minimum energy expenditure. During winter
sampling, fathead minnows were observed to be positively
buoyant, remaining at the water surface i-n hores recentlv
augered through the ice.

rn current, as water velocity and temperature increased,
buoyancy decreased (group A fish) (negative slope of regression
lines) ' water verocity, water temperature and an interaetion
of these factors are known to affect buoyancy (Neave et ar_.
1966; Pinder and Eates 1969; Gee I,TT; Berezay and Gee I.ZB).

During the major part of spring runoff, which lasted for
about a week in April Lg?B in Crystal Creek, the water
temperature increased from 1 to 4oc" Greater than a 5oc
difference in temperature is required before a significant
difference in buoyancy in current occurs (Gee IITZ). Therefore,
it is unlikery that an increasing water temperature durins
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spring runoff courd stimulate a greater decrease in buoyancy
as suggested by Gee (I9ZT),

To maintain position i-n current, fishes may either swim
a¡re i nc* ^rìFFaóaarrÈ u ur.rr r'eflt r seêk nearby areas of red.uced" velocity (Allen
1969) , reduce buoyancy by decreasing svrimbladder vol-ume or all
of these (Gee and Gee LgZ6), fn April, group A fish showed a
mini-mal ability to reduce buoyancy in current in the laboratory
and the maximum tol-erabl-e water velocity was zo 

"rn.=-1. water
velocity in crystal creek during spring runoff in April rgz}
was observed to be as fast as þB ".0.=-1. To maintain posÍtion
fathead minnows must then seek areas of reduced v¡ater velocity
(in association with an irregular substrate, stream bank or in
back waters) or be dispraced downstream. Fathead minnows were
observed to drift head-downstream (water velocity approximatety

_1
50 cm's -, water temperature was rzoc) i-n the whitemouth Rivero
Manitoba in April L7TZ (n. smart, personar communication).
This seems to indicate that fathead minnows do not reduce
buoyancy enough to hord position in the fast water vel_ocities
encountered during spring runoff. However, downstream
displacement may not be a disadvantage.

Stream j-nvertebrates are known to drift downstream (Waters
7972). Drift can serve as a mechanism of dispersal, thereby
naÂrrni -- i *l-*rËuuurlrË rn'ura- and interspecific competition (Bishop and
Hynes 7969). Tt can have the effect of transporting inverte_
brates to areas where the conditions for survivar are more
advantageous, it can be related to partner-searching behavior
as in water beetres, water mites and. amphipods (tvlütter tg?+)
and it can distribute adults to all areas of the stream suitable
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fnr t'ê¡r^nrlr*tion (Waters 19?2) . Drif t can also be eeol orri nal I rr\v¡4uvrÐ L7 ( -/ . urr_L U Ud-jt d.I:tU Ue eL_*_Þrv.¿!¿J

important in the recolonization of downstream areas in which
r\^ñìrl aJ-i nn- hAVe been SeI'inilsl r¡ re rirr¡orì ]rr¡ nnl'l rr-f i nn f] nndi norrevu veç¡r Ðç!fvuÐrJ rsL¿L{uEll uJ IJUt-Jut,J_ull, tIU(JLTIJIB

(Bishop and Hynes 7969) or by winter conditions such as anchor

ice (subsurface) (Maciolek and Needham 195r; waters rgTz)" The

leve] of drift i-n i-nvertebrates is controlled by water velocity,
water temperatltre, photoperiod and density (Elliott L96Z;

Bishop and Hynes 1969; Waters 1969; Chaston I7ZZ),

winter conditions in streams in the great plains of North
America often cause at least partiat winterkill. Therefore,
the minimal ability to reduce buoyancy in current and

subsequent drifting downstream observed in fathead minnows

during spring runoff may be a mechanism to disperse ¡ âs in
invertebrates and to repopurate all of the suitable areas in
the stream prior to the breeding season. Fathead minnows are

characteristíc of the headwaters of many streams in the great
plains, hence a downstream displacement could. be ad.van-uageous.

Pho toperio d

Buoyancy in small- and large fish was affected differentry
by various spring photoperiods and smarl_ fish were less abte
to reduce buoyancy in current than large fish. size dependent

differences in buoyancy have been shown, regardl_ess of photo-
period in various species by Gee (ßAg, Ig?2, I7TZ), Machniak

and Gee (L975) and Berezay and Gee (LgzB). Fish were abt-e to
respond to a particular photoperiod within 1 d.ay, âs length of
exposure (r or 7 days) to a particular photoperiod produced a
similar buoyancy response, Long-term (J weeks) exposure to
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various constant photoperiods and changing photoperiod as welr
as direction of change affected maximum and minimum buoyancy

at a constant temperature. The photoperiod experiments were

conducted in order to assess the independent effect and signi-
ficance of photoperiod on buoyancy. However, it is not
possible from the results of these experiments to comment on

the biologicat significance of photoperiod on buoyancy al_one.

Ivl-ev (ryA+) stated that tight as an ecological and

physiologicar factor is almost as important as temperature to
fish and numerous vital processes are known to take place

under the direct or indirect effects of right, Girsa (Lg?z)

arso stated that the combined influence of photoperiod and

temperature is of great biorogicar significance and is the

basis of seasonal variations in the physiological state of
organisms' A change in photoperiod is usualJ_y accompanied by

a change in temperature in nature which can strengthen or
weaken the effect of photoperiod, as was found in the photo-
reaction respouse of various fish (Girsa IgZZ). Northcote
(7958) showed that the water current response of young rainbow
trout (salmo gairdneri) was related to d.ay length and

temperature, îhe interaction of photoperiod and temperature
regulated the frequency of upstream movement of common shiners
(Notropis cornutus) (oo¿son and young rg?7), cl-arke et al.
(7978) showed that temperature controlled the rate of response

to photoperiod, so that changes in growth rate of sockeye

salmon fry (Oncorhynchus nerka) caused by photoperiod treat-
ments were apparent sooner at higher temperatures than at
lower ones. rt was arso found that the sensitivity to
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photoperiod varied seasonally and, that direction of chanse and.

rate of change of day length were the most important cues

related to photoperiod. pinder and Eales (1969) conctuded

that photoperiod plays a negligibre rore in the d"evefopment

of smolt buoyancy in current in Atlantic salmon parr.
Group A fish showed that as photoperiod increased,

maximum and especiatly minimum buoyancy decreased (negative
slope of regression line). However, in group B fish, tested
under constant water vel_ocity and temperature, minimum buoyancy
increased as photoperiod increased (positive srope) and there
was no significant change in maximum buoyancy" rt appears
that a different response in buoyancy to seasonal photoperiod
was attained between fish tested und.er various seasonal- water
temperatures and ones tested at a constant temperature. Thus

photoperiod, in isol-ation from other factors, has a meaningless
effect on buoyancy but in combination with water temperature,
the effect on buoyancy courd be biologically significant.

Sexual- development

There was no difference in maximum or mini-mum buoyancy

attained between female and male fish. Buoyancy decreased as

sexual development increased, with a greater decline occurring
in current than in stirl water. The lowest buoyancy in stirl
water and in current in group A and B fish was also attained
when the fish were observed to be in breeding condition" This
coul-d be an adaptive feature for the spawning fish" Fathead
minnows have a very wide geographic range and are found in
both lotic and lentic environments (scott and crossman rgz3) 

"
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rn such environments where water vel-ocity can vary in time and

space, the ability to reduce buoyancy to a minimum should

there ïre a sudden increase in water velocity would be an

imporiant adaptation during spawning. A reduced buoyancy in
current would enable fish to effectively hold position in order

to facil-itate maintenance of territorial position and thus

enhance reproductive success, rt would also be advantageous

to have neutral buoyancy in stí1l water as was found in
breeding fish, since a greater speed and maneuverabititv are

required, especiarly in males to facilitate nest building and

spawning which occurs beneath objects (McMirlan and smith r9?4).
Variation in buoyancy ín current was greatest amongst

sexually undeveloped fish. This variation may be due to

differences between sexually immature and spent fish since

differences were not determined during the experiment.

several fish tested during the decreasing and increasing
photoperiod experiment were noted to be in breeding condition
and therefore, may have infruenced the buoyancy response to
photoperiod. The breeding condition observed during decreasing

photoperiods i-s not unusual since fathead minnows are known to

spawn throughout the sunmer until September (Scott and

Crossman L973; McMil]an and Smith 79?l+),

Condition

The coefficient of condition is a numerical representation
of heaviness or robustness. condition varied. seasonal-ry in
fathead minnows (group A and B fish), with the lowest values

occurring in the spri-ng and highest in breeding fish as
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would be expected. condition can be affected by sex, length,
âge, maturity and environmentat factors such as food supply,
temperature and parasitization (Hoar r%9; Lecren L95L).

There are also individual variations among fish and therefore,
Hoar (1939) and Lecren (rg5r) suggested that smalr variations
in condition are of little significance.

Buoyancy increased in still water and especialry in
current with days of starvation, Macleod and smith (Lg66)

observed that over 4 days active metabolisrn decreased in
unfed fathead minnows. It appears that starvation decreases

active metabolism and the capacity for work (Macleod Lg6Z),
Buoyancy increased significantly in current but only slightJ-y
in stirl water as condition decreased in starved fish. Group

A and B fish al-so showed simirar resurts with significant
buoyancy increases in still water as wel} as in current as

condition decreased. Tn group c fish, condition remai_ned

rol af 'ì rrol r¡ ^^nstant due to the constant feerj i n.o and 'l ahnretnrr¡vvr¡DUq¡¡u uuç UU t/lIU UUJI$UaIlL r*vv!svvrJ

conditions, as did maximum and minimum buoyancy. This
indicates that the coefficient of condition can be used to
describe the condition of the fish and that the more robust a

fish, the greater its ability is to reduce buoyancy in cument.
Group c fish tested at the end of the experiment were

about 26 to 29 months old and fathead minnows are rarely known

to live beyond age z in nature (scott and crossman r9T3), rt
ârìrìêâFq *ho* cld âÉre ¡rreetl v redl¡neq tho ¡.].r.ì 'l .i *r¡ l-n À,u vlu a6ç 6! çd- r,rJ r vuquvÐ Ujrç *eOfease

buoyancy in current, either directly, or indirectty due to the
poor conditi-on (tow K values) of these fish. Fish which were
parasitized also showed a poor ability to reduce buoyancy in
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current. However these fish (group A and B in April L9?T)

were also influenced by other seasonal factors, so that it
is not certain whether parasitism can affect buoyancy.

Fat content

Fat content had no significant effect on maximum or
mi ¡ i *rr* 1ì.'^.'-,¡a¡rr'rLÀur utLuyd.rlCg. The formula used to determine fat content
was initiarry deveroped for rai-nbow trout. Even though the
varues may not represent actual bod.y-fat concentrations in
fathead minnows, differences in fat concentration would be

apparent between individuars of the same popuration (Horak 1966)

Variations in fat content have also shown l-ittle influence on

density differences of fish tissues and therefore, swimbtadder

volume in various Cyprinidae (Tay1or I7ZZ; Alexander Lg59, L967)

and in juvenite Atlantic salmon (pinder and Eates 1969),

However, maintenance of neutral buoyancy in some marine fish
may be aided by the presence of large quantities of lipid in
various body organs (Brawn L969; Butler and pearcy LSZZ;

Bone f973; Lee et al_ , L9? 5; DeVries and Eastman f97B) ,

By studying monofactoriar experiments, as in this study,
i-t was possible to provide insight into some of the more

important factors influencing buoyancy in the natural
environment. However, the natural environment is more

complicated and therefore, the introduction of multifactorial
experiments holds greater promise for revealing the respective
roles of environmental factors (Brett L96g) and this appears

to be true for buoyancy studies.
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hlater velocity, water temperature, photoperiod, size,
âBe ' sexual development and condition of the fish affect the
buoyancy response in fathead minnows. rt is rikely that many

if not all of these factors interact to influence buoyancy,
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Appendix 2.

Effect of capture and transportation to the laboratory
(Day 0) on buoyancy. Mean buoyancy (n = B) with 95%

confidence limits (Cl,) and standard deviation (SD) for
fish tested in still- water or in current (5I 

"*.=-f) at
zzoc,

>T A-LI Current

UCLJ Þ

after
capTure

Mean buoyancy
(mL. g-.1- ) and
95% ct

Mean buoyancy
/ - -t 

\(IilJ'g - J and
95% CLSD SD

n
t
2
4
B

0. Bl0
u.ö¿¿
o,905
o.858
0.929

0.104
0 .084
0. 051
0 .056
0.041

0,r25
0.100
0. 060
^ ^Áa
w . v.r7

0.777
0.592
o .630
0.554
0 .6L7

0.186
v, L+)
0.100
0"050
0 .073

o,222
o'r7r
0 .119
0"060
0. 087

+
T
1
-f

I

+
T
T
T
¿

To determine effect of capture and transportation on

maximum (in still water) and minimum (in current) buoyancy,

fish collected in May L976 were tested O, l, 2, 4 and B days

after capture and transportation to the laboratory. on each

day eight fish were held in stirr water and eight fish in
current (5r + 2 "*."-1) at 22oc for 24 h before measurins

buoyancy,

Buoyancy was affected by capture and transportation.
After 4 days mean buoyancy and standard deviation stabilized
j-n current, For fish in still water, standard deviation
stabilized after 2 days but mean buoyancy continued to
fluctuate (Appendix Fig. 1A and B) . Therefore, 6 days was

chosen as a conservative minimal time for fish to return to



Append.ix Figure I. (A) Mean buoyancy

after capture and transportation (Day

(open circles) and in current (5L cm's

at 22oC, with 95% confidence limits on

Standard deviation of mean buoyancy in

current.

(n = B) over time

0) in stilt water
-1) (closed circles)

the mean" ( g)

still water and in
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a stable buoyancy l-evel in still- water and current.
Hattingh (f976) found that it takes about 4 days

after capture and transportation for swimbladder gas

composition of various freshwater fish to return to a

stable l-evel, but that fractional volumes (buoyancy) in
still- water were not affected.
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Appendix J"

seasonal changes in buoyancy in group A fish over 2 years.

Mean buoyancy (n = B) with 95% contidence limits (cL) and

standard deviation (so) for fish tested in stitl water or
in current (maximum tolerabre water verocity) at field
water temperature and photoperiod.

stirt_ Current

Mean biroyancy
(mL.g-r-) and
95% ct'

Mean buoyancy
(mL"g-r) and
95% cL SDSD

+ 0,02f
T o. o3B
+ 0.014
+ 0.009
+ 0.012
+ 0.0f3
.+ 0.014
+ 0.019
+ 0.091
+ 0,022
T o,oz4
+ 0,056
+ 0,025
+ 0.014
+ 0.053

tl
1/
t_o
ln

+
'l

ID
l/

2L
?^
t1

X

1a

10

Jun 1976
Jul
Aug
sep
0ct
Nov
Jan 1977
Apr
May
Jul
Aug
sep
0ct
Apr 1978
May

0.976
0.964
0.983
0.986
0.980
0.979
1"015
v.>(+
0.900
v. >Yo
0.983
0.93r
o.973
l_.011
0.959

0 ,026
0,0+5
0. 017
0.012
0.015
0.016
0. 016
0.023
0.109
0 ,027
0 .029
0.068
0. 030
0.017
0 .063

o"523
0.738
0,704
0.734
0.737
o"787
0 "7990.877
0. 539
0,790
o,738
0 .662
0.757
0.77L
0 .64?

0.066
o'o9r
u. rJo
0.112
0.052
0. 060
^ ^Jr 

a!v . wa7
o. oBg
vtvJ+
0,r23
U, L¿+
o'o9o
0. r06
0.0þB
0,06r

0.078
0 .109
0,l-63
^ l err

o.062
0.072
o.059
0.106
0 .112
0.148
0. r4B
0.108
0,r27
0.057
0"072

+
T
T
T
;
T
I
T
T
;
T
T
;
T
+

One-Way Analysis
Source

Variance for Fish in
SS MS

Still Vùater
F

of
df

Time
Error

14
105

0.09L9 0.0066 3. 590
0 .1920 0.0018

Total- 119 0.2839

Tested and found significantly different (p < O.05)"



One-Way Analysis of Variance for Fish in Current

Source df SS MS F

Time 14 I. OOBg O,O72l 6,050oError L05 I.2506 0.0119

Tota1 LI9 2.2595

tÉ Tested and found significantly different (p . O.05).

Variances were unequal (p. 0.05; Bartlett's test) in still
water and in current, however the analyses of variance are robust
due to equal sample sizes (Glass et al. L)TZ)" A robust

statisticar test preserves the vatidity of the probability
statements applied to it, even though the assumptions upon

which it is based are violated,,
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Appendix 4.

Maximum tolerable water velocity, water temperature
and photoperiod used for testing group A fish.

n^ +^
tr¡Iater velocity

( cil' s-' .¡

pho to -tempera- Þeriod(oc) - (h)
Water

ture

lt {'r re76a
r-o J uI
10 Aug
1l Sep
4 Oct
1 Nov

I7 Jan_L977
21 Apro
30 Maya
1J JuI
8 Aug

1J Sep
1/ Oct
10 Apr rpl8
2Ç Maya

ro. o
ro. o
L). )

12 1

LO,2
ot

L4.3
L6,4
ro. )
L). )

TI,2
L3.9
.LÔ. +

l?
2ñ
2L

9
5

5
l_4
22
tq

18
9
5

24

50
1l

1l

20
il
45
44
TL.7

22

a Fish in breed.i-ng condition
b Fj-"h were parasitized

Slngle Linear Regressions of
Water Temperature
Source df SS

Buoyancy in Stilt Water on Various Factors

r-
ro.3%

MS

Regression 1
Residual fl8

o,0292 O.o2g2 L3.537"0.25+7 O.OO22

To tal LLg o.2839

Regression line is

Pho toperio d
Source df

Y = 1.010 - 0,0025 X,

SS r"MS

Regression t
Residual- 1fB

0.0120 0 .0t_20
o,2720 0.0023

5.212+ +.2%

To tal r19 0.28+o o. o48o

Regression 1ine i_s y = 1,032 _ O.OO4l X.



o1

Coefficient of Condition
Source df SS MS F 12

Regression 1 0.0128 O.0l 2g < - <ÁAxäã3iãüåi"" uö o.z?rz ,.¿åt\ 5' 566- 4' s%

Total 1I9

Tested and found significantly different (p . 0.05).
Regression line is y = I.O5g _ O.O?g? X,

Single Linear Regressions of Buoyancy in Current on various Factors
Water Velocity
Source df SS MS F

Regression 1 O .\525 o.U5z5 Zg.5U6x zo.o%Residuar 1tg t.eoZ'o ó .o1Sg

îotal 119 z.z,95

Regression line is y = O,gZ5 _ O,OO5? X.

Water Temperature
Source df SS MS F 12

Regression 1 o,2T65 s,z?95 L6.U56x :.z.z%Residual lt8 t.9gjó 0. ot6g
Total 119 2.2595 o.Lzg6

Regression line is y = O,g3Z _ 0.0026 X.

Photoperiod
Source df SS MS F 12

Regression I 0.2462 o.z\ç? L4.43r* Lo.g%Residual 118 Z,OI33 O. ôrZr
Total r19 2.2595

Regression line is y = 0.9g4 _ O,OI8Z X.

Coefficient of Condition
Source df SS MS F rZ

Regression 1 0 .og5g o.og5g 5,229+ 4,2%Residual tl_8 2.L636 õ . ore3
Total Ll-9 2.2595

* Tested and found signlficantly different (p < 0.05).
Regression li_ne is y = 0 ,9g3 _ O.Z4ZO X.

r-



Appendix J.
Seasonal changes in buoyancy, independ.ent of water velocity
and temperature in group B fish over 2 years. Mean buoyancy
(n = B) with 95% confidence fimits (CL) and standard
deviation (sD) for fish tested in stirl water or in current
35 "*.=-f ) at t5oc ,

Þ-[114 Current

llñ +^

Mean buoyancy
(mL. g-r ) and
95% ct'

Mean buoyancy
(mL'g-r) and
95% ct'q T-\

SD

0.979 +
0.947 +
0,937 +
0.927 +
0.968 T
0.932 +
0.944 T
0.990 +
o.833 T
0,985 +
1.006 +
0.ggo 1
o,g?+ +
0.953 +
0.981 +

l'ì

T6
10't3

4
t

r7
2I
)u
'1 1

B
1/L)
I7
10
2a

Jun 1976
Ju1
Aug
sep
0ct
Nov
Jan 1977
Apr
May
Jul
Aug
sep
0ct
Apr IplB
May

0 ,026
0.039
0"0f0
0 .033
0 .011
o .0f8
0.050
o"o3B
0. r0g
0.013
0.013
0.007
0.017
0.030
0.040

0. 031
0 .04?
0.035
0 .039
0.013
o.045
0,060
0.045
0. r30
0.015
0.015
0.008
0.020
0,035
0. 0¿lB

v. (>a
0"804
0.605
0, 587
0.595
0"587
o. 590
o.857
u. r)o
0 ,933
0,909
o.783
0 .668
0 ,653
0,576

0.080
0 ,og6
0 .069
0.059
0.043
0.082
0.100
U. UOJ
0.L29
0.066
v. La)
0.109
0. 088
0"100
o'o9o

u. \Jyo
UOII)
0.082
0. 070
o.052
0.098
0. I20
o.075
0.L54
0.079
0. r4g
o. ].30
0.106
0. llg
0.108

+
;
T
T
T
T
T
T
T
TI
T

+

1
-t

One-way Analysis of variance for Fish in still l¡/ater

Sourc e SS MSdf

Time
Error

LI
-LY 0.t96

Q, ¿+O
0.014
0.002

5.959

] \,, Ud.I l'l q 0,442

Tested and found significantty different (p . O.05),



õ1

One-vüay Anarysis of variance for FÍsh in current
Source df SS MS F

Time t4 r,g?2 o " 1þ1 r2"258xError L05 LZOZ O.0lz
Total tt9 j.IZg

n Tested and found significantly different (p. O"05).

Variances were unequal (p < O,05; Bartlett,s test) in
stil-l water, however the anatysis of variance is robust due to
equal sample sizes (class et al. Ig?Z).
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Appendix ó.

Regression anal_yses for group B fish tested in sti1l
water or in current (35 cn."-l) 

"t l5oc.
single Linear Regressions of Buoyancy in Still water on various Factors

Pho toperiod

Source df SS MS F

Regression I O.0000016 O. 0000016 O. 0OO4Residual tIB 0.4&Ig o.oOlZ

Total llg 0.441g

Coefficient of Condition
Source df SS MS F rZ

Regression r 0.036? 0.036? r0.69g* 8.3%Residual tl8 O.4O5f o . oó:+
To tal Ir9 O . 4.btg

* Tested and found significantly different (p < O.05).
Regressi_on line is y = I.OZS _ O.lo99 X.

Single Linear Regressions of Buoyancy in Current on various Factors
Pho toperiod
Source df SS

Regression r 0,2569 0.356g LU.gzz* rL,z%Residuar 1rB z.B2L6 ó.ozlg
Total Ir9 3,tZg4
Regression line is y = 0.3g2 + O,OZZ5 X.

MSFT2

Coefficient of Condition
Source df SS MSF12

Regression r 0.2611 o,?çl! rc ,55gx B.z%Residual If8 2.9I?4 O',Oz+z

Total 119 3,rZB5
* Tested and found slgn_ifica¡ltly different (p < O.05).

Regression tine is y = 1.0g6 _ o,3619 X.



Effect of constant

on buoyancy over a

with 95% confidence

for fish tested in
. -O^J-) Ur

65

Annond i ¡¡ ')

envirorunentat conditions (group C fish)
t6 month period" Mean buoyancy (n = B)

timits (Ct) and standard deviation (SD)

stilt water or in current (35 cm. s-I) at

ù It_ t__L Curuent

Mean buoyancy
(mL.g-r) and
95% ct'

Y"p" bgoyancy
\ml,'g -J and
95% ct'SD SD

+
T
T
;
T
1
:
-1-

-t-

I
T

T
1
f

+
T
1
t
T
T
T
T
T
T
T
1
+

I

2,
21

2+
t\

I2
t?

2
TO

1

t5

-Lö
26
27

Jul L976
Aug
sep
0ct
Nov
Jan 1977
Feb
Mar
May
Jun
UL,tI
Aug
\ôñd.*".v
0cta

0.982
o"98o
0 "gg4
o.gB2
0.935
1"010
0.986
o.973
0.995
o.97e
0.96+
1,000
o.gg2
0.987

0 .010
o .015
0. 015
0 ,013
o.065
0.010
0.020
0.015
0.020
0.023
0 ,032
0"008
0.016
0.010

0. 011
0.0r8
0. 019
0. 01ó
n r\?.Q

0.012
o ,024
c"017
0 .024
0.028
o. o3B
0.010
0.019
0.011_

u. oo_L
0.e54
0"636
0.7r3
v,o(+
0.709
0 .647
0.750
v. ()+
o .6t+2
0 "7L3
o .674
U. ÕÖI
o,g5L

0,091
0 "og3
0,065
0.090
0. t2t_
n nR"
0 .102
0.092
0,r23
0.096
0,075
0.084
0.062
0"112

0.r09
0.11_2
0.078
0.107
0.L45
0.104
0 "L22
0. l_l_0
0.148
u. rr)
o'o9o
0.100
0.074
0.L34

Overal-l mean 0.981
(n = LZ)

u. oÕô

Not included in overall- mean or in analysis of variance dueto the effect of old age on buoyancy.

Source

Two-Way Analysis of yariance

df MS

!ùater
tra'l na'i l-r¡Y vrvv¿ uJ

Time
ïnteraction
Error

4.198 6Lo "g3zx

o. oog L,235
0.008 L,r4g
0.007

1

l1
11

168

þ. t9B

o.093
^ 

nQ.,
1 1É<L.L))

Total I q]

Tested and found significantty different (p. O,05)"



oo

Variances were unequal (p . O"05; Bartlett,s test),
however the anarysis of variance is robust due to equar sampre
sizes (Glass et al_ . I9?Z) ,
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Appendix B 
"

Effect of length of exposure to various spring photoperiod.s

on buoyancy attained by small (3, j - 4"5 cÍI, fork length) and

large (5.5 - 6,5 cr', fork length) fisf,. Mean buoyancy (n = B)

with 95% confidence timits (ci,¡ and standard deviation (sl¡
for fish tested in current (35 

"*.=-l) at tsoc. Deviations
in sample size in parentheses.

I day exposure 7 day exposure

Pho to -
nari nrì
Ìrvr ¿vu

(h)

Mean buoyancy
(mL.g-r) and
95% ct'

|1"gr buoyancy
( mJ, . g-r ) and
95% crSD SD

SmaII fish

ln

-t ]t /L+. )

T,er¡re f i crh

R
'ì n

L+. )

0"f11
0,070
0. t69
o"056

0.067
0.094 (7)
o.073
v.v))

0.Ì20
^ ^Á,r)
0 ,203
0,067

0.080
0.102
o. oB7
0.066

0.871
0.965
o.789
o,9L2

(7)
(6)

-t-

1
+

1

0.835
0,869
0 "732
0 .939

0,707
v.oY>
0.7L4
0,606

0,L22
0.L57
0 .094
o. o5B

0 .073
0 .073 (z )
0.066
0,076

o.0gB
o.L6g
0. lr2
v, uoy

(5)
Q)

+
+
+
T

+

1
-r

T

0.73I +
o.?45 +
0.594 +
0,597 1

n nR'7

o,079
0.079
0.091

Two-Way Analysis of Variance for Small_ Fish

Source MSdf

Days
Photoperiod
ïnteraction
Error

0 ,020 5
^ ^/^Ju,¿o(5
0 .0293
0 ,7 574

I¿

I

Jrn

0.0205 1.323.
o , oïg2 5 .7 5t"
0. oo98 o.632
o.oL55

Total I " 07¿lB

Tested and found significantly different (p 0.05).
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Two-Way Analysis of Variance for Larse Fish

Source df SS MS

Days
Þl.rnl-nno-'i ^ÄÀ r¡v uv}/u! rvu
ïnteraction
Error

o ,0037
^ 

1 ¿ /^
v. L)))

0,0600
rl aQ?nv. Jv-)v

II

)

)+

0.0037 0.52L.
0.0518 7 .296"
0.0200 2,8:-74
0,0071

rFn'l--'lLV VAL OI 0.6020

* Tested and found significantly different (p< O.05).* Tested and found only marginal_1y differenrr k' = 2,29, table val_ue) and therefore'- 3, 54, 0. 05
failed to re ject Ho: crg = O.

The effect of length of exposure to photoperi_od on buoyancy
was not significantly different (p > O.O5) in either smatl or
large fish and therefore, data for 1 and Z day exposures were
grouped and re-analyzed.

Effect of various spring photoperiods on buoyancy attained
by small and large fish. Mean buoyancy (n = L6) with
95% confidence rimits (cr,) and standard deviation (sn;
for fish tested in current (j5 

"*.=-l) at t5oc,
Deviations in samnl e s j ze 'i.n parentheses.

Small fish T,nrso f 'ì ch-*- ô"

Photo -
nori nrl

( h,)

}1"p" buoyancy
lm.L. g-r ) and
95% cr

Mean buoyancy
(mL'g-r) ana
95% crSD SD

R(.
lrì (.

'1 2 t
L+. )

n QÉ<

0.9l-3
u. (ou
0.926

0 "069
0.082
0.086
0 ,036

(12)
lr ql

-t

I
1-

T

0.l0B o ,7Lg
0.L37 0,722
0.161 0.656
0.067 0.601

0.043
0,053 (r+¡
o.053
0. 0¿lr

+
T
+
;

0. 082
0.091
0.100
0 .077



Two-Way Analysis of
Source df

Variance for Grnrrnorì

SS MS

Tln -+-^

Er

Size
Photoperiod
fnterac tion
Errnr

t r.oB35
0 "19690.2234
L.2323

L,OB35 g7.6tz"
0.0656 5.9t0"0.0745 6,7I2o
0. 011t

'1 fl
I.LI

rlla -l-^'lr U UA.L 118 2.736t
* Tested and found significantl_y different (p. O.05).

variances were unequal (p. o.o5; Bartlett,s test), however
the analysis of variance is robust due to relatively equal sample
sizes and a rer-ativery smalr- difference between rargest (o,oz591
and smat_test (o"oOU5) variances (G]ass et al_. LITZ),
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Appendix t.
Effect of long-term exposure to various
on buoyancy. Mean buoyancy (n = B) with
l-imits (CL) and standard deviation (SD)

in still water or in current (35 
"*.=-f)

photoperiods

^¿á>)7o ConlJ-OenCe

for fish tested
^¿ r rO^d_ú L) u.

ù ï1t-I Current
Photo -
rrori n À

(h)
Mean buoyancy
(mL'g--L ) and
95% ct'

Mean buoyancy
(mL'g-r) and
95% crSD SD

on
ln
1) n
t<4

l< rì

o. 986
0"996
o.968
0.997
o .9gB
0.989

0. olg
0.021
0. 0l_B
0.0r6
0"008
0.025

o .707
0.74L
\./. )yo
0 .667
o.727
0.7+6

o,046
0.060
0,08I
0 "093
0 .097
0. 086

0.056
o,072
0 .097
0 ,111
0. tr6
0,103

.1-

-t-

T
T
I
-t-

+ 0.016
+ 0.01_B
+ 0.015
+ 0.014
+ 0.007
+ 0.021

Source

Two-Way Analysis of Variance

MSSSdf

Water
r¡ol nni l-r¡Y vrvv¿ vJ

Þh n *nnari ^.1¿ ¿¡v vvyv! ¿vu

fnterac tion
Error

Ì

5
B+

2 .046

O. OBB

^ ^rrôv.va>
0.393

2 .046

O. OIB
0 .010
0 .005

43z.rg6*

3.7? 5"
2.085

Total 2.52e

Tested and found significantly different (p . O.05).

95

variances were unequal (p . 0.05; Bartlett's
however the analysis of variance is robust due to
sizes (Glass et at " L9?Z) .

test),
equal- sample
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Appendix 10 
"

Effects of decreasing and increasing length of photoperiod

on buoyancy. Mean buoyancy (n = B) with 95% confidence

limits (cL) and standard deviation (sD) for fish tested
in still water or in current (35.r.=-f) at 15oC.

>TA-LI Current

Pho to -
nori nrl

(h)

Mean buoyancy
(mL'g-r ) and
95% cr

Mean bpoyancy
f - -l\\ml,.g -/ ano
95% ct'SD SD

Tlonroqqinc¡vqp¿r¿h

1/ro. )
1/ /
L_). )¡ i' /L+. )
LJ' ).
12 <D
Lç. )
lf /
LL. )'l 

r^rLv.)

9.5
^4v.)

fncreasing
R<v.)

^/./.)
lnLv.)
'll
LL. Jr
12 <u
1?LJ 

' )

tu.5
15. 5
1ALv. )

T. OIO
t. 002
1.017
o.969
0.986
0.999
0"983
0.992
1. 000

v.>(Ly
1.001
1. 003
0,986
0.996
r. 004
0,995
0.992
r. 008

0.016
0.015
0.020
0"0+2
0,026
0.02t_
o,025
0.004
0.005

0.034
0.01_0
0.015
0.0r9
0.012
0.015
0.015
o,025
0.011

0"019
0.0].B
0,o2+
0. 050
0.03r
0 "o25
0. 030
0.005
0. 006

0. Brg
0.850
0.436
o"5ze
0.785
0 "902
0,905
0. 608
O,BOB

0.144
o,066
n 

^Á.,1
o.o52
0,I23
0.088
0.l-63
0"050
0 .097

0.L72
0.079
0.080
o.063
0.148
0.105
0.L95
0.060
0 .1r7

0.103
a. L)5
O. OBB
0.120
0,t36
0.r37
0,L24
0.t36
0.L39

+

1
T

1
1-

T
I
t
t

+
T
T
TI
-t-

I
T

T

'1-

1
+
T
T
T
T
I
-|-

+
T
T
¡
-t

T
T
;
1

0.04r
0,012
0.018
0 .022
0,015
0"018
0.018
0 .029
0. 013

0.675
0.849
o.748
0.752
0.732
0.768
0.728
0 .62L
0.7+2

0.086
0. rr3
0.074
0. I0t
0.113
0.114
0. r03
0.114
0.1464

a

b
Sample size was 6.

Mean buoyancies of fish tested at a d.ecreasing (in group rand rr) or increasing (in group rrr and rv) pñoiof"Fioo ofL2,5 h were similar. Therðforã, eight fish fr""" ianã.,-r.,,chosen rrom the two batches in ordei to join g;;";*ï-iä'irand ïII to fV in still_ water and in curren-c,
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Two-Way Analysis of Variance for
Source df

Decreasing photoperiod

MSF

L. )JJL

o. 0638
n nl'anv,v+Y)
ô nn?Qv ! vv I v

rTln +^ 1¿V UAI r43 3.4458

Tested and found. significantly different (p. 0.05)

Two-lnlay Anarysis of variance for fncreasing photoperiod
Source df SS MS F.

llr/ater
vel_o ci ty

Phnfnno-i ^À- ¡¡v vv}/vr rvu

Interaction
Err nn

L. _))JL

0.5l-07
o ,3946
0.9874

Lgg,LT'X

B.rz9:
/ 

^^1 
^o, )¿L

1

lnlater
velo ci ty

Þ1rn-fn¡a-'i ^À!¿vu
fnteraction
Error

r 2,402?

B o.L4g6B 0. toBSL2+ 0.99L4

2.4o2? 3oo.33B*

o, o1B7 2.338"
o " 0135 1.688
0 " 0080

Total 141 3.652t
Tested and found significantly different (p. O.05).

variances were unequal (p < o.05; Bartlett,s test), however
the anal-ysis of variance is robust due to equal sample sizes for
decreasing photoperiods (Glass et al . rgzz), For increasing
photoperiod, sample sizes were equaì- (n = B) except for one
sample (n = 6),
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Appendix 12.

Effect of starvation on buoyancy. Mean buoyancy (n = B)

with 95% confidence rimits (cr,¡ and standard deviation (sD)
for fish tested in stírt water or in cu*ent (35 

"*.=-r¡ at
L) t/.

StiTI Current

Days of
starvation

Y"gn bgoyancy
(mJ,. g-r ) and
95% cx

Mean buoyancy
(mL'g-r) and
95% ct'SD SD

-t-

T
T
1
T

1
+
T
T

+
T
+
+
+
T
T
T
T

U

4

L2
1/ro
20
a.+
trl

cru

0.978
0.986
o.986
0 .994
l. 000
0.944
0.993
o.gg0
1. 013

0.019
0.01I
0.022
0.011
0.008
o, ol_74
0.008
0.009
0 ,005

0"023
0.013
0 ,026
0.014
0.009
0.020
0.0t_0
0, 0r1
0.006

0,735
0"813
0.765
o.843
0"817
0,862
o.733
u'oJo
0.906

0.090
0.058
UoUOé
o'096
0 .069
0.121
0 .097
0 .093
0"106

0. t0B
0.070
0.074
0,115
0.082
0.L45
0.1r6
0 " 1t_1
0,l-27

Outlier not included
effect of fluctuatine

Single Linear Regression

of Fit Anat_ysis for Fish

Source

in restressinn en¡'l r¡q.ic 
^rro 

*n .iLr^_-- - _rrr vuurv¡¡ e¡rarJ ÐaÞ L¿uE UU fJOSSI_DJ-ewater temperature.

with Replicated y Values and Lack

in Still Water

MS Frzdf
Regressi_on (Days )
Residual

.+15.246 19"7%I
62

0. 00lg
0 .0r 57

0.0039
0 " 0003

To tal o " 0196

Lack of fit
Pure error 0. 0024

0 " 0133
0.00040 r.697
0.00024

Tested and found significantly different
Regression line is y - 0,985 + 0.OOO4 X"

(p < o.05)
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Single Linear Regression

of Fit Analysis for Fish

with Replicated y Values and Lack

in Current

Source df MSSS

7 ,5240

r-

7, (70
Regression (Days)
Residual

0.0926 o.og26
0 "86L5 o.or23

l_

7o

Total 7L o .9 5t+r

Lack of fit
Pure error h1

0.1260 0.0180
0,7355 0,0117

L. 54L

Tested and found
Regression line

significantty
is Y = 0,?TI +

different (p < O.05).
0,0021 x.

Mean coefficient of
l-imits (Cl) of fish
water or in current"

condition (K) (n = B)

starved over 60 days

with 95% contidence

and tested in still

Days of
starvation

Mean K and 95%
u! ]-n stfl.L

Mean K and 95%
CL in curyent

OU

OI
B+

>+
I/
/1
ìl

Q.
I
7

ô
B
ó
B

9

+ 0.0
+ 0.0
+ 0.0
+ 0.0
+ 0.0
+ 0.0
+ 0.0
+ 0.0
+ 0.0i

+
t

1
T

1
T

T
;
:

It..r

B
I2
1/
J_O

20
¿+

6o

r.229
1"006
1. O4O
r .025
0.963
o"gBB
r.052
v.>(+
o,892

o.096
0,07 5
O,IT7
0 ,063
0.1r9
o.053
0.076
0 .097
0.L59

0 "gg+
0,957
1,017
0.97r
0"925
L,0+5
o.932
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Appendix tJ"
Regression analysis on the effect of coefficient of
condition on buoyancy attained by starved fish tested
in still water or in current (35 

"*."-l) at IsoC,

single Linear Regression Analysis for Fish in still water

Source df SS MS F

legression (K) I o.ooo5 o.ooo5 L,773Residual 6Z 0. Ot90 O, OOO3

TotaI 63 o.oL95

Non-significant regression line is y = LOl3 - O.OI9Z X.

single Linear Regression Anarysis for Fish in current

Source df SS MS F .r2

E"el"ssion (K) I 0.r9o8 o.t9o8 LT.UgB* zo,o%Residual Z0 O,?633 O. OfOg

Total 7L 0.954r

* Tested and found significantty different (p < O.05).
Regression 1ine is y = L.ZVO 0.43þ8 X"
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Appendix 14"

Regression analysis on the effect of fat content on

buoyancy attained by starved fish tested in stitl water

or in current (35 
"*.=-l) at 1Joc.

single T,inear Regression Anatysis for Fish in still water

Source df SS MS F

Regression (% fat ) r o. oooo6 o. 00006 o.zo3
Residual 62 0.0L95 0. OOO]

f V UAI 63 0.0r956

single Linear Regression Analysis for Fish in current

Source df SS MS F

Regression (% tat) r O "oOZ? O,oOzZ O. Zot
Residual- 70 0.95l-3 0.0136

Total 71 0 .g 540


