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ABSTRACT

Adjustment of swimblodder volume in nesponse to o

chon.ge in wqter velocity wos studied in four species of

cotfish (lctoluridoe). AIl four species were more buoyont

in stiIl woter thon when held in current. Within three

species; todpole modtom (Noturus gyrinus), block bullheod

(Jctolurus melos) ond stonecot (Noturus ftovus) extent of

odjustment ond buoyoncy ottoined in still ond current voried

with size. Whether in still or current, stonecot were less

buoyont thon the other species. To mointoin position in

current, tqdpole modtom ond block bullheod move to the bottom

ond reduce buoyoncy. Todpole modtom odjust buoyoncy within

96 - 192 hours with portiol odjustments withín 12 - 48 hours.

Yeor O fish wene found to moke o more ropid decreose in buoyoncy

thon yeor'1 or 2 while no differences between oge grouPs could

be found in rote of increqse" During buoyoncy decreose tod-

pole modtom (yeor O ond 1 ) showed sígnificont chonges in

internol gos pressure; howeveru no significont chonge wos de-

tected during buoyoncy increose" Todpole modtom were found to

hove no obility to secrete goses in comporison with the block

bullheod.
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INTRODUCTION

This study seeks to determine if certoin species of

cotfish (tctoturidoe) odjust buoyoncy by oltering swimblodder

voLume in response to o chonge in wqter velocity ond if so to

describe the rote ond mechonisms involved. Enlonging swim-

blodder volume os current decreoses ond reducing it qs current

increoses is on importont odoptotion to life in streoms ond

rivers where woter velocity vories greotly over time ond

spoce (Oee 197O). Such odjustment of buoyoncy hos been only

recently described in Atlontic solmon porr ond smolts (Sounders

1965; Neove et oI. 1966; Pinder ond Eoles 1969), brook trout
(Sounders 1965) ond in longnose ond blocknose dqce (eee 1968,

19700 1972; Gee ond Mochniok 1972)" Environment occupied ond

size of fish ore known to influence both buoyoncy (Sounders

1965; Gee ond Northcote 1963) ond extent of odjustment (Oee

1968, 1972).

Four species were exomined to determine if buoyoncy

(t) differed in still wqter qnd in current, ond (Z) wos reloted

to size of fish ond environment occupied. The todpole mqdtom

(Noturus gyrinus) ond block bullheod (Ictolurus melos) ore

common in sti1l woter, chqnnel cotfish (Ictolurus punctotus)

ore found in foster velocities lnd stonecot (Noturus ftovus)

occupy oreos of ropid current.
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Although the rqte of odjustment in doce (Oee 1968, 1g7O)

brook trout (Sounders 1965) qnd Atlontic solmon pc¡rr (Sounders

1965; Neove et ol-" 1966) hove been described¡ ño ottempt hos

been mode to determine if within o species, fish of different
ages odjust buoyoncy of different rotes. This wqs exqmined in

the todpole mqdtom.

The swimblodder of cotfish, os in other Cypriniforrnes,

contoins goses of q pressure greoter thon thot of the sur-

rounding woter (afexonder 1959, 1961), Gee (lgZO) founO thot

blocknose doce oppeored to olten internol pressure of goses

in the swimblodder during odjustment of buoyoncy thereby of-
fecting the rote ond extent of qlterotion of swimblqdder voLume"

The internql pressune of goses in the swimblodder of the tod-

pole modtom wos exomined to determine if chonges occurred

during odjustment of buoyoncy 6

UntiI necently (Jones qnd Morsholl 1953), gulping oir
of the surfqce hod been believed to be the sole meqns by which

physostomes increosed swimblqdder volumeo However, o voriety
of fishes ore now known to be oble to secrete gos into the

swimblodder when denied occess to the surfoce (VlittenOerg 19581

Alexonder 1966 b; Gee '1968). The todpole mqdtom qnd black

bullheod were exomined to determine if they could secrete gos

to enlorge swimblodder volume when denied occess to the surfoce"

The odvontoges of reduced buoyoncy to mointoin position

in running woter hove been described in previous studies (eee

ond Northcote 1963¡ Sounders 1965; Alexonder '1966b;Gee 1968).



5

Hortmon (lg0=) rros indicoted thot behoviouror odoptotions

could be on importont feqture in mqintenonce of position in
current. Todpore modtom ond brqck bullheqd were compored to

determine if swimming behoviour ond verticql distribution
differed between stitl woter ond current.
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MATERTALS AND I'IETHODS

Eoch of the four species of Ictoluridoe wos collected

from different environments os follows:

River Rot River Lo Solle River Red River Red River

Locotion St. MqIo Lo Borriene Pk. St, Norbert Lockport

Method of Seine Seine, ongling Angling Angling
Collection

Species Todpole Block
modtom bullheod

Stonecot ChqnneL
cot fi sh

>45 o-30

silt, silt, mud,
boulders boulders

Surfoce
vel-ocity
(cm/sec) o B o - 15

Substrote silt, sond, mud
g rove 1

Depth (r) o,2 - o.9 0.6 1"5

Vegetotion Potomogeton Elodeo

3

None

2-3

None
9P" t

Elodeo
c on ode nsi s

cqnooensr s

Fish were collected during the months of Moy to August ín 1971

ond '1 972, They were held in the lqborotory under o normol

photo period ond woter temperoture of 21 : zo}. Smoll fish

u/ere fed Tetromin flokes ond brine shrimp while lorger fish
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ote trout pellets, cqnned dog food, ond ground perch fillets.

To determine the extent of odjustment of buoyoncy fish

of eoch species were ploced in bqtches of 4 - 10 fish for

I - 1O doys in oquorio of either still or current, usuolly

within a week of copture. Since Gee (fg6e, 1972) hos shown

thot the degree of buoyoncy ottoined ond ronge of odjustment

is dependent on length of fish q representotive number of o11

ovoiloble sizes wos exomined. Lorge oquorio (lZZ x 61 x 61 cm)

were used to hold chqnnel cotfish ond blqck buLlheod exceeding

15O mm totol length while smoller oquorio (gZ x q0 x 46 cm)

were used for smoller fish including oll todpole modtom ond

stonecot 
"

To creote current, Iong oir-diffusor stones (ZZ.S cm)

were ploced ocross the width of one end of the oquorio ond

supplied v¡ith compressed oir. A gloss deflector plote wqs

ploced of on ongle of 45o obove the oirstones so thot the rising

bubbles of qir creoted o circulqr current of woter thot possed

otong the surfoce; down the opposite end ond olong the bottom

of o velocity of opproximotely 20 - 35 cm/sec. Three or more

stones 3 - 7 cm high (tO 15 cm diom) were ploced on the

bottom to provide o turbulent flow ond refuge oreqs similqr

to o streom environment. Compressed oir could be shut off qnd

oquorio used os o still woter situotion.

After the oppropriote period in either still or current,

fish were coptured individuolly in o beoker to prevent gulping

qir ond tronsferred to o solution of tricqne methqnesulfonote,
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Once immobilized the swimblodder volume (1 O"OO1 mI), the

weight of the gos-free fish in woter (t O.OO1 g), ond the

volume of goses reLeqsed from the swimblodder of otmospheric

pressure (t o. oot ml for fish
t o"1 ml for fish
using the procedure given by Gee (lgZO), Floototion pressure

(Sounders 1953) wos used qs o meqsure of buoyoncy qnd wos

obtoined by dividing the volume of the swimblodder (mf) by the

weight of the gos-free fish in woter (g) (neutrol buoyoncy =

1 "O ml-/g¡ negotive buoyoncy

dividing the volume of goses releosed from the swimblodder qt

otmospheric pressure by the volume of the swimblodder"

To determine the role of swinu'ning behoviour in qsso-

ciotion with floototion pressure in mointenonce of position in

current; blqck bullheqd ond todpole mqdtom (=Z - 59 mm) were

observed in both stitl qnd current in the loborotory. A week

ofter coptureu six block bullheod ond ten todpole modtom were

eoch ploced into still or current oquorio (gZ x ¿O x 46 cm)"

Eoch oquqrium wqs divided into three 13 cm intervols from top

to bcttom to record verticol distribution, Three smoll rocks

(7"5 '13 cm diom) were ploced on the bottom of these oquorio

to provide cover qnd in the cose of current to simulote the

turbulent flow of o streom environment. Observotions were mode

of B: 0O o" rro ¡ 2:30 po rr. ond 5:30 p. ffrn with nightly obse rv-

otions of leost every second doy ofter 9:O0 pnrra Eoch f ish
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wos treoted qs on individuql observotion ond its position
recorded. Becouse todpole modtom ore nocturnql (Toyr or 1969)

ond block bullheod diurnol (Dornell ond Meierotto 1965) only
those observqtions ossocioted with most qctive period were

used in determining verticol distribution. This gove o cum_

ulotive totcl of 72 individuol observotions on block bullheqd
ond 13o on todpole mqdtom in still wo,ter, while in current
there were 84 ond 1zo observotions respectively. The number

of f ish observed in eoch section v.,os totqlled ond expressed

os o percentoge of the totol number of observotions mqde in
o11 sections during the period of the experiment, After g

doys, fish vJere rentoved ond floototion pressures determined.

To describe the rote of decreose in buoyoncy z2

todpole modtom were held for B doys in still woter" A group

of 8 fish were selected of rondom ond floototion pressure ond

internql pressures were recorded (o hr) " Then the compressed

oir wqs turned on creoting current, The remoining groups of
fish were exomined ofter 1, 3, 6, 12, 24, 48, 96 ond 1gZ hours

in current" Rote of increose in buoyoncy wqs determined by

holding 72 fish in current for I doys ond then they were

exomined of the obove time intervqÌs in still woter. The

procedure wos cqrried out on three oge closses: yeor o

(zq - 41 mm) n yeor 1 (44 - 5g mm) ond yeor 2 (ol - 101 mm) to
determine if rote of odjustment voried with qge (size) of fish.
Division into oge cotegories wos derived from length frequency

distribution" rn the current oquorium mony of the smqller yeor



O fish did not remoin neor the bottom in the oreo of current

but moved to o mid-depth position of little currento To

overcome this, yeor 0 fish were contoined in o stoinress steer

screen coge (Of x 42 cm) of 3 meshes /cm wíth o plexigloss

bottom ond suspended in the top portion of the oquorium in

10 cm of wqter through which woter current flowed of ZO - 30

cm/sec"

Swimblqdder volume wqs reduced in todpole modtom qnd

block bullheod in on ottempt to induce gos secretion by the

following methods: (t ) increose in wqter velocity ond (Z)

reduction in pressureo Gqs secretion would be indicoted if
floototion pnessure incneosed ofter o period in stil1 woter

when o fish wqs denied occess to the surfoce following o

reduction in swimblodder volume.

Todpole mqdtom (ZA) were held in current for one week,

then eight were removed ond floqtotion pressures determined.

The remoinder were ploced into oquorio (ZA x 17 x 14 cm) with

six hoving c¡ccess to the surfqce while eight were denied occess

by o stoinless steel screen (3 meshes/cm). The former were

held in 21 "5 cm of woter qnd the lotter in 38 cm of woter"

After two weeks in still woter fLoototion pressures were

meosu red "

The obility of todpole modtom ond block bullheod to

secrete gos wos compored following o pressure reduction.

Fish held in smoll plostic viols to restrict movement were

weighed in woter, ploced into o wqter-filted dessicotor jor
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ond exposed to o vocuum of 13 30 cm Hg ond weigheci ogoin'

Twenty-four todpole mqdtom were so treoted ond 12 were eoch

ploced in occess ond non-occess situotion. Of the 10 block

bull-heod treoted, foun were given occess to the surfoce ond

siX were denied qccess. Floqtotion pressures were determined

ofter two weeks in still woter. Floototion pressunes prior

to ond following the pressure reduction were estimqted using

the weight of the intoct fish in woter obtoined qt these times

¡1nd the weight of the gos-free fish in woter ofter two weeks

in stiIl. It is ossumed thot no significont chonge in the

lotter occurred over the two week period'
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RESULTS

Extent of Adjustment of Buoyoncy

All species Cemonstroted on obility to odjust buoyoncy

when exposed to o chonge in woter velocity, Differences

existed between species in buoyoncy qttoined in both still

ond cur¡-ent with todpoLe modtom reoching o higher buoyoncy

thon block bullheod while stonecot ottoined the lowest

buoyoncy" l{ithin eoch of these species the obility to odjust

buoyoncy ond the buoyoncy ottoined in stil1 or current oppeored

to be reloted to size (fig. 1 ),
. Yeqr O todpole mqdtom ottoined c¡ significontly

(p

current thqn did yeor 1 or 2 (Cochronrs modified t test),

Vúithin eoch oge group fish held ín still hod o significontly

higher floototion pressure thon those in current olthough the

difference decreosed with oge, Meon floototion pressures ond

numbers of fish (in porentheses) used in this'onolysis were os

fo1 lows:

yeor Length (r*) Stil1 Current Difference

o 28-36 1"og8 (a) 0.795 (9) 0"303
1 5O-6s O.9O3 (Z) 0.689 (7) 0"214
2 75-gO 0"861 (tt) 0,688 (e) 0'173



FTGURE 1 " Relotionship between froototion pressure ond

totql length of todpoi.e mqdtom, block burrheod ond stonecot

held in still woter (open circles) ond current (crosed

ci rcles).
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Yeor 0 ond 1 block bullheod in still ottoined o

significontly higher buoyoncy thon those in current. Yeqr 3+

did not moke o significont odjustment. In still woter yeor 0

were significontly more buoyont thon yeor 1 or 3+ while thot

ottqined by yeor 3+ wqs significontly less thon yeon 1. Meon

floototion pressuies qnd number of fish (in porentheses) used

in this onolysis were os folLows:

Yeor Length (rrn) Still Current Difference

o 25-34 ',l .OOO (e) 0"678 (e) 0,322
1 60-B0 O.B5B (tS) A.645 (tO) 0"213
3+ 1BO-2OO 0,792 (9) 0"781 (B) 0"011

Too few stonecot were cought to penmit oging by tength

frequency" But in stil1 woter, buoyoncy ottoined decreosed

with increosing size os did buoyoncy in current. Those fish

less thon 180 mm totol length ottoined o lower buoyoncy in

current thon in stilI but omong lorger fish ( > 2OO mm) the

difference is not os oppqrent (fig" 1)'

Chonnel cotfish olso ottoined o lower meon flootqtion

pressure in current thon in still shown os follows:

Length (rrn) Still Current

287-382 0"8s1 (6) 0"753 (5)

Becouse of the restricted size ronge exomined no conclusion

could be mode on the effect of size on obility to odjust

buoyoncy,
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Rote of BuoyoncY Adjustment

Todpole mqdtom increosed their buoyoncy ropidly when

woter velocity chonged from current to still (Fig. 2A), Most

of the odjustment wos mode within 48 - 96 hours. Adjustment

wos completed within 96 - 192 hours. Appendix I gives the

ronge ond 95% confidence limits for the meons illustroted"

Regression lines were colculqied with o logorithmic trons-

formotion of time for the rote of increose during the first

24 hours. The regnession lines were: y = 0'B3B + o'071 log x

(y.or 0), y - 0"795 + 0.056 log x (yeor 1) ond y - 0'768 +

O.OZ1 log x (yeor 2). A test of homogeneity on regression

coefficients (p

between the rote of increose (s1ope) tor the three oge gnoups'

Fish decreosed their buoyoncy when exposed to current;

most of the decreose in buoyoncy occurred within 24 - 96 hours

with o complete qdjustment requiring 96 hours for yeor O ond

192 hours for older fish. Appendix II gives ronge of voriqtion

ond 95% confidence limits for the meons illustroted in Fig. 28.

Regression lines colculoted for the rote of decreose in floot-

qtion pressure during the first 48 hours were: y = 'l .o33 -

0,117 log x (yeor o), Y = o 'g4o - o'o44 log x (yeor 1) ond

\t - 0"895 - 0,033 log x (y"or 2)" A significont difference

(p

eoch of the older gnoups wos shown by o test of homogeneity

on regression coefficients signifying o more ropid decreose

in buoyoncY bY Yeor 0 fish.



FTGURE 2' Rote of odjustment of mean froototion pressure

(A,e) ond meon internol pressure (c,o) in todpole modtom

in stiLl woter ond current (n = B). No observotions were

mode of one hour for yeor 2 fish. circles connected by

dotted rines = yeor 0; triongres connected by broken lines
yeor 1; squores connected by solid lines = year Z"

within eqch oge group meons represented by stors differ
signifícontly from those with open symbols (O).
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During the chonge from current to still, yeor 0 fish

showed o decreqse (1.21 - 1.14) in internol pressure within

12 hours, while yeor 1 ond 2 hod less discernible chonges.

Appendix III gives the ronge of vqriqtion ønd 95"/" conf idence

limits for the meqns illustrqted in Fig, 2C" Within eoch oge

group meons were compored in o single foctor onolysis of

voriqnce combined with the Student - Newmon - KeuIst test

but no significont differences were found,

When woter velocity chonged from still to current

yeor 0 fish increosed internol pressure during the first 24

hours (fig " 2D). This wos then followed by o decreqse yeor 1

showed o similor pottern of chonge while in year 2 fish this
pottern wos less evident, Appendix IV gives the ronge of

voriotion ond 95% confidence limits for the meons illustroted

in Fig o 2D. Within eoch oge group these meons were compored

in o single foctor onolysis of vorionce combined with the

Student Newmqn - Keulsr test ond significont differences

(p
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Swimming Behoviour in Still ond Current

The swimming behoviour of todpole modtom ond block

bullheod differed in stil-l- woter. Btock bullheod when swim-

ming, hovering, otr resting on the bottom díd so with the body

horizontol. Todpole modtom odopted qn oblique position with

the heod up, when hovering or moving slowly" On o number of

occosions they were observed neor the surfoce in o verticol

position. when resting todpole modtom either lqid on their

side¡ otr obliquely with only the toil touching the bottom.

Asfishincurrentweredisplocedtheyossocioted

more with the bottom. In running woter, block bullheod swom

close to the bottom with their heod dinectly into the current

ond body porollel to the bottom, There wos little ottempt to

use rocks os cover ogoinst the current. Todpole modtom swom

obliquely into the current with heod down ond toil ot o

slight ongle off the bottom. During the coul se of the

experiment, they utilized the spoce behind rocks qnd oir-

diffusor stones to escope the curnent. Most todpole modtom

preferred the sides of the oguorium where the current wos

Iess due to frictionol drog
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Verticol distribution of fish ond corresponding

floototion pressures were qs fol-lows:

Envi ronment

Flootot i on
pressure (m!/g):

still Cu r rent

o "717

o.566

Todpole modtom 0.91 B

Blqck bullheod 0.850

Section of
oquqrium Top Middle Bottom Top Middle Bottom

Distribution (%) z

Todpole modtom 21.4 2g"B 48. B 8.3 16.7 75.0

Block bullheod 4.1 45"2 5O,7 O,O 3.6 96.4

Differences between species in sections occupied in still qnd

current were exomined with o chi-squore contingency tobLe,

In stiLl woter, there wos no significont difference in the

bottom section, but there were differences (p O.01) in

the top ond middle sections between todpole modtom ond block

bul1heod" Todpole modtom were observed more frequently in

the top section while block bullheod were observed more

frequently in the middle section. In current u both species

showed q significont downword shift in distribution with

block bullheod more frequent in the bottom thon todpole

modtom"
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Gos Secretion

With occess to the surfoce todpoJ-e modtom were oble

to increose flootqtion pressure significontly (Cochronrs

modified t-test; P

(toUfe 1 ) " Those without occess mode no significont increose

in buoyoncy ..toini.,g floototion pressunes similor to those

immediotely following c reduction in buoyoncy" Howeven,

bLock bullheqd in both occess ond non-occess were oble to

increose floototion pressures significontly ofter two weeks

ottoining o floototion pressune similor to thot prior to

buoyoncy reduction"
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TABLE 1

Meon floototion pressures of todpole mqdtom ond block bullheod

in response to buoyoncy reduction followed by o two week period

in still woter with occess ond without occess to the surfqce.

I'ilethod
of

buoyoncy
reduct i on Species

Fl oqtot i o
r two- --

buoyoncy buoyoncy weeks in stiLl
reduction reduction occess no qccess

Current Todpole modtom

Pressure Tqdpole modtom
Reduct i on

Block bullheod

0"958
o"954

O"BB2
o.924

o"786

o.829
0" 851

0.758
o.744

o,941

o "967

o"909

0, 800

o. 843

o.923
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DTSCUSSION

Adjustment "ôf buyooncy ond the meons by which such

odjustment might occur in response to woter velocity were

studied in cotfish, All four species of cqtfish olter

swimblodden volume in response to o chonge in woter velocity

becoming more buoyont in still qnd less buoyont in current'

within three species; todpole modtom, block bullhe(Id ond

stonecot, extent of odjustment ond buoycncy ottoined in

sti11 ond current voried v¿ith size. Behoviour of todpole

modtom ond blqck bullheqd indicote thot o strong tendency

for ossociotion with the bottom olong with lowered buoyoncy

serve os importont mechonisms ogoinst displocement by current'

Todpole modtom qdjust buoyoncy on the overoge within 96

hourswithyeorofishmokingomoreropiddecneosein

buoyoncy thon older fish. Todpole modtom oppeqr to hove

little obility to secrete gos in comporison with the block

bul t heod "

cotfish held in current become less buoyont thon

those held in stil1 woter. Sounders (lg0S) showed thot

ofter o week in still woter brook trout ond Atl0ntic solmon

porrhodohigherflootqtionpressurethonthoseheldin

fost woter. Similorly, Gee (lgOa, 197o, 1972) showed thot

longnose ond blqcknose doce were more buoyont in stiIl woter

than in current"

Extent of buoyoncy odjustment in todpole modtom'
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block bullheod ond stonecot is o function of size" Smoller

fish mode greoter odjustments thon Iorger fish. A similor

pottern wos found in longnose doce (oee 1968)a olthough in

blocknose doce extent of buoyoncy odjustment increqsed with

increosing size (Oee 1972). In still woter smofler cotfish

hod o higher buoyoncy thon lorgen fish' In both stonecot

ond todpole modtom, lqrger fish hod o lower buoyoncy in

current thon did smolLer fish, while in the block buLlheod

it wos the reverse. Gee (lgOg) found thot smoll longnose

doce hod o higher buoyoncy in both still ond current thon

did lorge doce" Gee (lgZZ) showed thot in current lorge

blocknose doce hod o lower buoyoncy thon did smoller fish"

Sounders (fgOS), Neove et o1 (1966), Pinder ond Eoles (tgeg)

found thot differences in buoyoncy in Atlqntic solmon were

more likely the resuft of chonges in mode of life or seosonol

effects rother thqn fish sizeo'

Differences in the ronge of buoyoncy a¡ttoined between

species of cotfish c¡re probobly the result of odoptotions to

different environments, The higher buoyoncy of todpole

modtom ond block bullheod controsts shcrply wíth thqt of the

stonecot. Both todpole modtom ond block bullheod were ob-

toined from quiet woters, the typicol environment of these

species (Toylor 1969; Troutmon 1957)" But stonecqt ore

cornmon in rif f les or ropids of streoms ond ore olso found

olong wove-woshed shores of Loke Erie (Toyfor 1969). Fish

exposed to flowing or turbulent woter of rivers ond wove-
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woshed loke shores hove o reduced swimblodder volume (Horo

1922; Gee 1968, 1972; Gee ond I'lochniok 1972)' The slender

ond depressed shope of the stonecot is on odditionol odopt-

otion to life in turbulent woter. A depressed shope enobles

o fish to toke odvontoge of reduced current speeds neor the

bottom (Alexonaer 1966 o).

Sounders (lgOS) suggested thot differences in buoy-

oncy between brook trout qnd young Atlontic sqlmon qne

indicotive of the different environments thot they occupy"

lVhereos buoyoncy of brook trout (typicol of pools ond slorv-

moving woters) were neor neutrql buoyoncy, solmon porr

(typicol of fost woters) were negotively buoyont. Similor

reLotionships between buoyoncy ond environment occupied hove

been described for species of the genus Rhj.nichthys (eee ond

Northcote 1963; Gee 1972; Gibbons ond Gee 1972"

Ability to olter verticol distribution ond swimming

behoviour moy supplement chonges in buoyoncy ond ossist in

mointenonce of position in increosing woter velocities.

In still woter todpole modtom qnd block bullhreod were dis-

tributed from top to bottom olthough the former were obsenved

more frequently neqrer the surfoce" The higher floototion

pressure of todpote modtom, O.g2 nl/g compored to O.85 n¡-/g

for block bullheod, moY occount for this" In current both

species showed o significqnt downword shift in distribution

olong with o decreose in floototion pnessure. Fish cqn

mointoin their position more efficiently by exploiting negotive
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buoyoncy ond stoying on the bottom thon they con with neutrol

buoyoncy swimming perpetuolly ogoinst the current (Alexonder

1966 b). Block bullheod showed o greoter ossociotion with

the bottom thon todpole modtom in running woter, possibly due

to their lower floototion pressure. In current, floototion

pressure of block bullheod wqs O"57 n¡/g compored to O'72

rr,L/S for todPole modtom.

Hortmon (gAS) showed thot ossociotion with bottom'

oreos of slow wqter or other cover offered protection from

displocement by current for brown trout (5otmo trutto) '

According to Allen (lOOe) stneom fishes must resist movement

downstreom over their life cycle to mointoin o Locolized

populotion" By moving to the bottom ond reducing swimblodder

volume qs woter velocity increoses fish con toke odvontoge

of frictionol forces of their body ogoinst the bottom to hold

posit i on '
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Yeqr0todpolemodtomhqdoquickerinitiolroteof

decreoseinf]oot(ltionpressurethonolderfish.Thiswould

seem logicol considering thot fry were positively buoyont to

beginwithondmodeqgreoterqdjustmentincurrentthonolder

fish who orreody hod on odvontoge in running-woter by the

possessionofnegotivebuoyoncy.Nodifferenceininitiol

roteofincreoseinbuoyoncyinstillwqtercouldbefound

omongthethreeyeorclosses.Todpolemodtomqdjustedfrom

minimumtomoximumbuoyoncywithin96hours,whilethereverse
odjustmentrequireduptolg6hours'Thisrqteofodjustment

is sl0wer thon rqtes of some other species, sounders (tg6s)

showed thot Atlontic sqlmon porr ond brook trout coul-d odjust

buoyoncyinl4hourswhentronsferredfromfosttoslow-

moving woter ond vice-verso' A complete odjustment required

36 hours, Atlantic solmon fry took ronger to comprete od-

justment (¿6 nrs) " Adjustment in buoyoncy for longnose doce

wqscompletedin24-96hourswithportiolodjustmentsin

3 hours or ress (eee ,l968)" However, Gee (lgzo) founa brock-

nosedocetooklongertoreochmoximumbuoyoncy(e¿nr)ond

132 hours to reoch minimum buoyoncy. Todpole modtom mode o

quickergoininbuoyoncythonodecreoseosdidlongnoseond

blqcknose doce (eee 1968, 1970)'
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Internof pressure of goses moy be on impontont foctor

in rste ond extent of buoyoncy odjustment. A chonge in srvim-

blodder volume con result from on increose or decreose in

internol gqs pressure. An increose in internql gos pressure

might result from musculor compression of the swimblodder, or

increose in rote of gos secretion, or swofLowing oir of the

surfoce or decreose in rote of gos obsorption' A decreose

in internot gos pressure might result from reloxotion of

the swimblodder, or decreose in rote of gos secretion, or

gos-spitting or increose in rote of gos obsorption. chonges

observed in internol pressure of gqses during odjustment of

buoyoncyproboblyreflectSomeorolloftheoboveprocesses"
Duringthedecreoseinbuoyoncyinthefirst96

hours there wos o significont increose followed by o decreose

ininternolpressureinyeor0ondlfish''Itoppeqrsthqt

compression of swimblodder goses occurs until o'criticol"

pressure 1s reoched. Releose of g(rses through the pneumoctic

duct moy require o certoin pressure before gos con be lost

from the swimblodderu It oppeors thot both an increose in

internol pressure ond o loss of swimblqdder goses result in

o decreose in swimblqdder volume ond fLoototion pressure"

Evons (lgzs) found thot the pneumoctic duct possessed o

sphincter mechonism. A number of recent studies hove con-

firmed thot chonges in internol pressure moy be the result of

musculoroctivitychongingthevolumeoftheswimb]odder
(McCutcneon 1g58, 1962; Long 1g5g; Qutob 1962)"
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The pottern of chonge in internol pressure thot

occurred when todpole modtom increqsed buoyoncy wos mone

vqrioble. The only pronounced trend occurred in yeor 0 fish

in whi ch inte rnoL p ressu re d r-opped sho rply du ring the f i rst

12 hours of buoyoncy decreose. Increosed buoyoncy oppeoned

the nesult of oddition of goses into the swimblodder with

qccomponying internoL pressure"

Gee (lgZO) found thqt blocknose doce decreosed

internol pressure during buoyoncy increose and increosed

internol pressure during buoyoncy decreose" Extent of

chonges in internol gqs pressure wos greoter in younger tod-

pole modtom (yeor O ond 'l ) in both still ond current thon

yeqr 2, The considerqble vqriotion observed in internol

pressures within ond omong oge groups is probobj-y the result

of different rotes qt which fish odjust buoyoncy by vorious

meons,
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Ttae increose in floqtotion pressure of blqck bullheod

when denied qccess to the surfqce indicoted these fish

secreted goses to enlorge swimblodder volume. In comporison

todpole modtom showed no obility to secrete gos. This il-

lustrotes the importqnce of the pneumoctic duct to buoyoncy

odjustment in todpole modtom. Gulping oir oppeors to be the

mojor meons of increosing swimblqdder volume' This does not

preclude the possibility thot todpole modtom con secrete gosu

possiblY verY slowl¡r.

In non-occess, block bullheod were continuolly swim-

ming obout while todpole modtom remoined on the bottom nel-

otively inoctive. The inqbility of todpole modtom to secrete

thot omount of gos to olter significontly their buoyoncy in

such circumstonces might be due to this inoctivity. Jocobs

(r gso ) , ond Meeste rs qnd t,loge I (1934) using yelIow pe rch

(perco) ond Copelond (lgSZ) using the mummichog (Fundulus

heteroclitus) (Uotn physoclists) demonstroted thot gos

secretion is greotly inhibited if the fish does not swlm

obout. More recently, McCutcheon (lgOZ) showed thot gos

secretion wos more octive when the pinfish (Logodon rhomboides )

showed periodic swimming movements. Fänge (lg0o) stotes thot

it seems os if f ishes secrete gos if they ore rroworerr thot

they ore too heovy. such on tqworenessn could come obout

through motions of swimrning. However, greoter octivity of

block bullheod moy simply be the result of o quicker rote of

gos secretion rother thqn the couse of such on effect 6
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In conclusion, the obility to odjust the volume of

the swimblqdder is seen qs on importont odoptotion of fishes

living in streoms qnd rivers where wqter currents chonge

ropidly.
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APPENDIX I. Meon ond ronge of floqtotion pressures

meosured on groups of eight fish eoch qfter woter

velocity chonged fnom current to sti1l woter.

Hours in Floototion Pressure Stondord 95% confidence
Stil] woter l'leon Ronge Deviation Limits on meon

Yeor O

o
1

5
6

12
24
4B
96

192

Yeor
o
1

5
6

12
24
4B
96

192

Yeo r
o
3
6

12
24
48
96

192

o.827
0.859
O. BB5
o.919
0.915
o,923
o"942
o"967
0. 982

o "781
o"830
o,823
0.840
O" 868
o"862
o.892
o"917
o"929

o.783
o,793
0, 823
0. 837
O"BBB
O. BBO
o"897
0, 899

o. 867-0 ,750
0.923-0,778
1.143-O,760
1 " 000-0,875
1.O71-O.844
o,962-0,875
1 . O48-0.885
1 , 000-0. 931
1 . 000-0. 933

o. 886-0,710
o,968-0,675
o. 953-0 . 678
o.975-0. 708
o.984-0.717
o.919-0 ,798
o,942-0,817
0. 937-0 . 899
o ,971 -0. 91 0

0. 901 -0. 685
o,949-0.587
o. 975-0 " 584
o"966-0.671
o "932-0 " 843
o.935-0,738
o .961 -0. 81 1

0. 987-0, 81 B

0. 039
0. 046
0.113
o"o42
0. 085
o. 033
o,o47
o. o29
o. 026

0, 065
o"084
0. 084
o.1 03
o. 093
o"o44
o. o42
o.014
o. 020

o"o71
0.109
o "142
0. 091
o,o24
o,o77
o.054
0,061

0.860-0 .795
o, Bg7-0 . 821
o,979-O.791
0,954-0. BB4
0.986-0 ,845
0 " 951 -0. 896
0. 981 -0. 903
o"991 -0.943
o.999-0.965

0. 835-0 "727o,900-0,760
0.893-0.753
O.926-0 "75.1
o.947 -O .790
0. B9B-O .825
o ,928-0 ,857
o " 929-0 ,906
o,946-0 .913

o .842-0 ,724
0,884-0 ,703
o,942-O.705
o,913-O "761
o. 908-0 .867
o,944-0 " 81 6
o,942-O,852
o. 950-0 .849



34

AppENDIX II. Meon qnd ronge of floototion pressures meosured

on groups of eight fish eoch ofter wqter velocity chonged

from stiIl to current.

Hours in
running-woter

Floototion pressure
Meon Ronge

Stqndqrd 95% confidence
Deviotion limits on meon

Yeor
0
1

3
6

12
24
4B
96

192

Yeor
o
1

3
6

12
24
4A
96

192

Yeor
0
3
6

12
24
4B
96

192

1"O45
o.979
0.958
0. 938
o.902
O"BBO
O. B2B
o.821
0. 809

o "945
o, 936
o,913
o.884
O. BB3
o,876
O. BBO
o. 840
o,796

o" 896
o.871
0. 865
o"869
o"846
O. B3B
0.811
o "771

1,167-1,000
1.O91 -0,889
1 ,143-O,875
1 .063-0,875
1 . OO0-0.806
o.938-0 "765
o.875-0 "774
0, BB5-0,750
0.857-0 "727

1. O00-o.904
o.966-0 .875
1.O22-O.786
1 .000-0 .727
1 .000-0,801
0,957-0.710
0.955-0 "770o,967-0"712
o. 897-0. 685

o.964-0.872
o,91 4-O. B1 0
o. 91 9-0 " 823
o .925-0 ,798
o,949-0 .720
o,984-0 "706
1 " O00-0 ,638
0"836-0.653

o"067
o. o77
o. 083
o. o71
o. 056
0. 0s1
0.035
0"041
o"o47

0"o28
o.030
o"o77
o. 095
0. oB4
o. o77
o. 060
0"083
o"o47

0. 033
0"033
o. 026
o. 051
o "o77
0, 096
0,130
o "064

1.100-0,989
1 . O43-O. 91 5
1 , O27-O. BB9
0.998-0,879
0.948-0 "856
o .922-0 " 837
0"8s7-0 "799
o,855-0,787
0. B4B-0.770

o " 969-0 ,922
o,961 -O .911
o.977-O " A4B
0.963-0.805
0.953-0 "812
o"941-0.812
o.930-0.830
o.909-0 ,771
o. B4B-0 "729

o.924-0. B68
o"B9B-0 "843
o. BB7-0 " 843
o .91 2-O .827
o " 911 -O .782
0. 91 B-0. 758
o;919-O "702
0.825-0 "718
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APPENDTX III.

on groups of

from current

Meon ond ronge

eight fish eqch

to stiIl wqter.

of inte rnol-

ofter woter

pressures meqsured

velocity chonged

Hours in Internol pressure Stqndord 95% confidence
still wqter rc Deviqtion rimits on meon

Yeor 0
o
1

3
6

12
24
4B
96

192

Yeor
o
1

3
6

12
24
4B
96

192

Yeor
o.3
6

12
24
4B
96

192

1 "205
1 ,220
1 ,213
1,176
1"139
1"1s1
1.135
1"145
1"143

1"125
1"129
1,120
1.141
1 "161
1 "1411"124
1"148
1,125

1"124
1,129
'l .110
1"124
1.126
1.094
'1 .108
1"124

1"156-1
1 .170-1
1 "1 44-1
1.160-1
1 "1 4B-1
1"129-1
1 .147-1
1.170-1

" o70
"113
,063
.054
. o77
,060
" o56
,o72

O. OBB
0. 060
o. 089
0. 051
o"062
0, 056
o. o32
0.045
o. o52

0.040
o.028
o"o24
0"030
0.06s
0" 032
0.057
0" 020
0"o39

o "026o"o17
o. o22
0.033
o"o22
o.o22
o" 028
0. 037

1 .333-1
1 .286-1
1"3s7-1
1 "278-1
1 ,240-1
1,222-1
1 "200-1I " 222-1
1 .21 4-1

. o77
,118
. 103
,09s
. 071
" 074
, oB7

" o87
, oB3

1 .171 -1 .043
'l .183-1 .094
1"167-1 .O97
1 .1 B3-1 .093
1 .2BB-1 . O71
1 .193-1 " 093
1.207-1 ,O34
1 .175-1 ,117
1 .1 BB-1 .O75

1 " 278-1 "1321.270-1 "1701.287-1"139
1,21 B-1 .1 33
1.19 0-1 .OB7
1.198-1 "105
1.161-1 .109
1 "182-1 "107
1 ,187-1,1 00

'l .158-1 . O91
1 "152-1, 1 05
1 .1 42-1.098
1 .1 6e-1 .11 4
1.215-1,107
1.167-1.114
1 .171 -1 " O77
1 "1 65-1 "131
1 .157-1,093

1.146-1,102
1 .145-1 .113
1 ,131 -1 . OB9
1 "152-1.O97
1 "147-1. 106
1.115-1 .074
1 .132-1" 085
1"155-1 .O92
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APPENDIX IV, Meon ond ronge of internol pressures meosured

on groups of eight fish eqch ofter wqter velocity chonged

from still wqter to current.

Hours in InternqÌ Þressure Stondqnd 95% confidence
Deviotion limits on meonrunning woter Meon Ronge

Yeor O

o
1

3
6

12
24
4B
96

192

1.190
1"187
1"271
1 ,217
1 ,259
1 "2561.174
1 "205
1 "213

1.107
1.138
1.123
1"140
1"156
1.183
1 .207
1 "1411"135

1"096
1.119
1"O94
1"108
1 .126
1.121
1"115
1,121

1 .286-1
1 .250-1
1.357-1
1 " 286-1
1 " 353-1
1 .333-1
1 .21 4-1
1 "267-1
1 " 267-1

,143
. 100
. 1BB

"111
"192,200
"1 43
.1 50

"154

1.172-1
1.193-1
1 ,163-1
1 .21 4-1
1 .229-1
1 .265-1
1 " 273-1
1 "190-11"189-1

"o25
" 069
.100
.075
. 07B
, 077
. 130
.119
.098

1 "126-1 " O71
1.187-1.O49
1 .140-1. 033
1 "148-1 "066
1 "200-1.O871"150-1"099
1 "214-1.065
1 "'1 B3-1 . 080

o, o45
0. 06s
0. o49
0. 057
o. 054
o"046
o. 026
o"046
o.045

o.045
0,037
o. o24
0. 048
o.057
o.057
0.045
o.o22
0"035

o. o20
0.040
0, 039
o.020
o, o35
0"o20
a"o49
o, o2B

1 " 227-1 ,152
1 "241-1,133
1 "311-1 "230
1 .264-1 "1 69
1.306-1 "214
1 " 294-1 ,217
1,196-1 .152
1"243-1 .167
1 " 250-1 "176

1 "1 45-1. O70
1 "169-1 "1071,143-1.103
1"180-1.100
1 " 203-1 "109
1 "230-1.1361.244-1 "1691.160-1 .123
1.164-1 .106

1"114-1 ,078
1 "152-1 "0851"130-1.058
1"124-1 .O91
1"154-1 ,O97
1"137-1 "1041.156-1 "074
1 "1 45-1, 098

Yeor
o
1

3
6

12
24
4B
96

192

Yeor
o
3
6

12
24
4B
96

192


