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Abstract

This study investigated partitioning of resources along the

dímensions of space, food and time, by two closely related species

of fish, johnny darters Eqh€9$-qnA nigrum, and blackside darters

Percina maculatarin the Inlhitemouth River system' ¡{anÍtoba.

Germane behaviour and morphology were also studied.

Both species r¿ere abundant ín the midcourse, and occupied

all envj-ronments throughout. the ice-free season. Their microhabitats

and use of space could be differentíated. Johnny darters were

exclusívely benthic and relatÍvely inactive, whereas blackside

darters were less rest.ricted to the bottom, especially in slower

v/aËer velocíËies, and \.Iere more acËíve.

Both specíes consumed benËhos, but díversity of prey taxa

differed considerably. Johnny darter diet v¡as essentially limited

to chironomids and crustaceans. Diet of blackside darters vias

more diverse and included Simuliidae, Coríxidae, Elmidae, and

several familíes of EphemeroPtera and Trichoptera, in addítion to

chironomids and crustaceans.

Feedíng behavíour lias more stereotyped in johnny darters in

terms of length of dart, site, height and target area of the bite,

and body pítch. In all these features, blackside darters Ittere

more variable and generalized.



The degree of morphological specialÍzation also differs

between species. Johnny darters lack a swimbladder, restríctíng

them to a benthic mode of existence. Adaptations to feed

efficiently from Èhe substraLe include ventral mouth positíon,

protrusile premaxilla, dorsal retinal acuity and eye position,

and relatively fewer, shorter gí11 rakers. Blackside darters,

in contrasÈ, have retained the swimbladder and make use of the

vertical dímension of the environment. They feed in more varied

microhabitats and are less specíalized morphologically with a

t.erminal mouth, non-protrusíle premaxilla, lateral and anterÍor

retinal acuity, more lateral eye posítÍon, and more numerous,

more elongate gi11 rakers.
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Introductíon

Gause's príncíple (I934) ímp1íes that coexisting species

partition rather than cornpete for resources. Species may sub-

divíde resources along the followíng dimensions, listed ín de-

creasing order of importance: habitat, food-type, and time (Pianka

L969; Rícklefs L973; Schoener 1974). Behavioural mechanísms may serve

to establish partial exclusion between specÍes whose residentíal

and nutritíonal requirements (i.e. their níches) overlap (Antonelli

et al. 1972). Indirect studies of resource partitioning have used

rnorphological differences of structures involved in resource use t

as indicators of ecological differences (e.g. Findley L976; KeasL

and l^lebb 1966; Roughgarden I974; Schoener 1971). Hespenheide (L973)

has discussed the extent to whích morphology can be used to describe

ecology, and Klopfer (L973) the interdependenee of morphology and

behaviour.

Schoener's (I974) exhaustíve review of resource partitioning

studies indicates that físhes, especíal1y t.hose in running I'.later'

have receíved comparatíve1y 1íttle attention. ThÍs study rvas

undertaken to examine the degree of overlap in each of the three

resource dimensíons, and mechanisms of ecological dífferentiation,

beËween johnny darËers, Etl-reostoma nigrum Rafinesque, and blackside

darters, Percína maculata (Girard) wtrich coexist in the LlhÍtemouth

River, Manítoba. A combíned approach investigating each resource

dímension, behavíour and morphology \¡¡as used. Specif ic objecÈives
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r^rere to describe where these fishes were found and their mobility

within environments, to anaLyze diet and feeding behaviour, to

investigate temporal differences ín activity and feeding, and !o

compare morphology which may be adapted to differential resource

utilization.

Speciation in darters, a tribe of stream-dwellíng freshwater

fish of eastern North America, has been so extensive that several

lineages no\^r occupy the same or very simílar habítats (Page I972).

Such overlap prornpts ínquíry into how resources are Partitioned

to permit coexistence (e.g. Page and Schemske L978). Both johnny

and blacksíde darters are widely dístribuËed in sLreams and rivers

and have much more flexible habitat requirements than most other

darters (Page L9722 Scott and Crossman 1973). Johnny darters are

sometimes found in lakes, and range from norËheastern Saskatchewan

to southern Quebec, southward to the Gulf of Mexico drainage in

l'lississippi, and dor¡n Èhe Atlantíc coast to Florida (Hubbs and

Lagler L964). Blackside darters are not kno\^m to occur ín 1akes,

and range only from the southeastern prairie provinces and southern

Ontarío, down the western slope of the Appalachian mountains to the

Gulf coast from Alabama to northeasËern Texas (Scott and Crossman

L973). The taxonomy and biology of johnny darters has received

considerable attention (see Collette and Bänärescu 1977; Scott and

Crossman L973). Page (1972, 1974, L976, 1977) and Page and Whitt

(L973a, 1973b) have analyzed diversíty ín the genus Percina but the

ecologícal role of blackside darters (P. maculata) is largely unknown.
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Methods

Study Area

The Llhítemouth River system drains approximately 4500 km2 of

flat plain in southe.'astern Manítoba, Canada (Fig. 1). It. was

divíded ínto 5 zones, as outlined in Table l. Collections v/ere

made ín each zone during the ice-free perio d of L977 to describe

the distribution of darters along the length of the river system,

and Ëheir abundance withín environments.

Fish Collections

A 1.8 x I.2 m t\"Io-man seine v¡ith 6 nm square mesh rvas either

hauled in water velocitie s 125 "*'"-1 , or the net I^Ias held stationary

and the upstream substrate systematically kícked and disturbed

drivíng fishes into the net ín velocities )25 
"*'"-1 

. Collections

were made through relatively uníform habíËat, and were repeated

once to ensure thorough sampling. To analyze density of both species

of darters t,rithin particular envíronments by age group (young of the

year or age 0, and fish rvhích had overwíntered one or more tímes or

age 1+, were determined by length frequency), and by season, collections

Írere concentrated ín zones of greatest abundance. The seasons v7ere

defíned as followíng: spring - 20 ApriL to 26 May, early summer -

27 l4ay to 29 June, mídsummer - 5 to 15 July, late summer - 15 to 23

August, and autumn - 23 Sept. to 6 Nov. [r]ater velocity (measured by

timing a floating object), depth, and substrate were described

for each collection, and their range in variation categorized into



Fígure l. I^Ihít.emouth River

between headwaters and mídcourse.

and lower course.

system, Ifanitoba. A. Dívísion

B. Division bet!üeen midcourse



4go 5o'N.

o,95 53 E.

WINNIPEG RIVER

BOG RIVER
&

@

dPLUM

BRICK-
YARD

MONK CREEK

BIRCH RIVER

lo km

WHITEMOUTH
RIVER

BIRCH LAKE

WHITEMOUTH
LAKE



T
ab

le
 1

. 
Z

on
es

 o
f 

th
e

si
lt 

1/
16

 m
m

, 
sa

nd
 I/

L6
 -

Z
on

e

H
ea

dw
at

er
s

In
ih

ite
m

ou
th

 R
ív

er

2 
m

m
, 
pe

bb
le

 2
 -

Ifi
dc

ou
rs

e

Le
ng

th
 (

km
)

Lo
w

er
 c

ou
rs

e

34

l,J
íd

th
 (m

)

sy
st

em
. 

D
ia

m
et

er
 o

f 
pa

rt
ic

le
 

si
ze

 a
s 

fo
l-l

ow
s:

64
 m

m
, 
co

bb
le

 6
4 

- 
25

6 
m

m
,

B
irc

h 
R

. 
lo

w
er

 1
9

45

3.
5 

- 
18

T
rí

bu
ta

rí
es

 a

L6

S
ub

st
ra

te

18
 -

36

sí
1t

36
 -

76

a 
M

on
k,

 B
ric

ky
ar

d 
an

d 
P

lu
m

 C
re

ek
s,

 B
og

 R
iv

ersa
nd

, 
pe

bb
le

,

so
m

e 
co

bb
le

si
lt

L2
_L

6

C
ha

ra
ct

er
is

t.i
cs

3-
5

m
ea

nd
er

 t
hr

ou
gh

m
ar

sh
, 

bo
g 

an
d 

fo
re

st

w
in

ds
 g

en
tly

, 
w

ith

nu
m

er
ou

s 
sh

al
lo

w
 r

iff
le

s

re
la

tív
el

y 
st

ra
ig

ht
,

w
íd

e 
an

d 
w

el
l-e

nt
re

nc
he

d

re
la

tiv
el

y 
st

ra
ig

ht
 

w
íth

sh
al

lo
r¿

 r
iff

le
s

m
ea

nd
er

 t
hr

ou
gh

 c
ro

p 
an

d

pa
st

ur
el

an
d

sa
nd

, 
pe

bb
le

,

so
m

e 
co

bb
le

si
lt

\,U ('



4

3 environments - ríffles, channels, and margins and pools (Tab1e 2).

All fishes collected (excluding indíviduals )20 cm) were

preserved ín L07" forrnalin, and both species of darters \.lere analyzed

for length frequency and diet. ApproxímateLy 2O fish from each age

group \,rere selected in proportion to their relative density ín each

environment, ín each season, and their stomach contents examined.

To study diet, a modifícatíon of Hynes' (1950) poínt method was used.

Each taxon \,Jas identífied and its estímated volume weighted accordíng

to stomach fullness. Modifícatíon consísted of assigning ç1 point to

minor quantities of small it,ems, rather than dísregardíng their

contribut.ion to the diet. Overlap in diet was calculated using

Ilorisita's (1959) índex, ô^, as modífied by Horn (1966). An

empirical measure of diversity was calculated using 1 
,,zpi.

(MacArthur L972), where P1 is the proportíon of the diet con-

tributed by t.he ith food ítem taxon.

Observatíons of Behaviour

To obtaín information on microhabitat occuPied, time of

activity, and swímming and feeding behaviour, darters vrere observed

ín the ríver by using wet. suit, faceplat.e and snorkel. Target area

of bite was studied ín Èhe laboratoîy.

Þlicrohabitat_Occupíed - Microhabitat observations examined

whether differences in vertical distributíon or ín proximity t.o

obstructions to current exísted between species or age groups.



Table 2. Characteristics of envíronments occupied by darters.

Envíronmental varíable Riffles Channels Margíns rpools

Surface velocíty ) rS 5_25 ( S

(cn's-1¡

Principal substrate cobble, pebble pebble, sand sand

hlater depth (cm) L5-45 30_60 t5_100
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To study vertical dístribution in each environment, l0 fish of

each age group of each species r,+ere observed for 1mÍn apiece.

Height in the \,rateï column (10.5 cm) was estimaEed and recorded

every s. Average amount of tÍme spent at each height was calculated

and converted to a Percentage. Exposure to current lras studied in

ríff1es and channels. Ten físh of each age grouP of each species

vrere spotted non-systematically and their posítíon described as un-

exposed (behind and between objects' or sitting in a depressíon),

partially exposed (somewhat sheltered by an objecL, or sitting on a

slope), or exposed (swímrning or sitting in the oPen or on a mound).

Tíme of Actívíty and Feeding - To see whether darters temporally

segregate space or feedíng, times of acÈívity and feeding activity

were investigated ín a channel envíronment. The number of darts

and feeding darts (darts culminatíng in a bite) made in 1 nin by

each of 7 fish of each specíes and age group were counted. These

observations were made every 4 h duríng a 24 h period on three sepa-

rate occasíons. A flashlight, held above the \À7ater surface and beamed

peripherally to the observation area, was used at night.

l{obiliry within Envíronments and Feeding Behaviour - }lobility

within environments r¡ras studied to examine wheEher differences in

manner ôf space uLílizaËion could be identifíed. Elements analyzed

were frequency, length and orient.ation (frorn dorsal aspect) of darts.

During 1 mín observaÈíon periods, these elements were recorded

(or estímated) for 10 separate fish of both age groups of boËh
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species ín each envj-ronment. The producË of mean frequency and

mean dart length was calculated to estimate distance travelled. To

examine whether envíronments occupied, age group, andfot specíes

affected dart orientation frequency, chi-square values l¡¡ere

calculated.

Feeding behavíour r,/as investigated !o comPare methods of

procuring food. Elements examined were frequency of feeding darts

ín different environments, length of feeding darts, attitude

(pirch and yaw) of the físh r¡hen biting, and features of the bite

(site of bíte, dístance above Ëhe substrate, and degree of exposure

Ëo current). Methods to determine frequency and length of feedÍng

darts were identical to swimming darts (above). The product of

feeding dart frequency and density of individuals was calculated

and expressed on a scale of 1 to 100, to provide an index of

import.ance of different environment.s for feedíng. For feedíng darÈs,

mean length r¡as calculated and variation in length comPared between

specíes and age groups usíng Lewontínrs (1966) ratio'

("2 )

",= 
"log'1 

'
("2 tor) z

where s2 signified variance. In each environment one bite by each

of 15 individuals of each species and age grouP was analyzed fot

pitch (above, ât, or below the horizontal body axis), yaw (directly

forward, or deflected 3oo or 60o sídeward) , site of bite (taken
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from water or substrate) , estímated dístance above the substrate 
'

and degree of exposure to current (unexposed, partially exposed,

or exposed). Discriminant analysis was performed on attitude and

features of the bíte.

To locate more precisely the target area of bite (given

indirectly by field data on pitch and yaw), físh were observed in

an aquarium (30 x 15 x 2l- cm) in Ëhe laboratory. It was illuminated

from above and surrounded by opaque screening. sides, baek and

boÈtom llere measured off in a 0.5 cm grid to permit Localizatíon of

each fish (urouth) along 3 co-ordinates. t/enty live adult brine shrímp

(årr.*ig salina) were íntroduced into a glass cylinder (25 x I cm diam),

graduated at 0.5 cm intervals and secured vertícally in the aqua-

ríurn. Inítiat position of físh, and position of target shrímp

rÁrere recorded f or a total of 200 bites by 10 adulËs of each species.

(Blackside darters had been held ín curren¡ prior to observation,

and were benthíc.) Angular components of Ëhe trajectory of the

feeding dart were calculated to locaLíze tatget area of bite.

Morphology

To examíne the relatÍonship betr^reen morphology and ecology,

swimbladder volume \,ras determined to relate buoyancy to tllater

velocity, and mouth, head and gí11 ralcer strucËure were studied in

relation to diet and feedíng behaviour.

To determine if blackside darters could regulate buoyancy
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to compensate for varia¡ion in water velocity between environ.-

ments, the swimbladder volume of fish from current (>25 cm s-1)

and still ({5 cm.s-1) vüas measured in the f ie1d. (Johnny darters

lack a swimbladder.) The proeedure of Gee (1970) r¡/as used on

7 físh of each age grouP in mídsummer and repeated in autumn.

Mouth slructure was studíed on 10 freshly killed specimens

of each specíes by measuring díaureter, position, premaxilla

proËrusibilíty, and angular orientatíon of the open rnouth. Ifaximum

diameter of the rounded mouth v/as measured (t0.f7 mm) by ínserting

a tapered cylindrícal steel probe calibrated in increments of 0.33 mm.

All mouth and head measurements (excluding mouth diameter) were

made under 6X magnifícation, and unless herein defined, as described

by Hubbs and Lagler (L964). Ifeasurements r^rere Proportíonated

as indicated in Table 15, and Student's t-test I¡/as used t.o ín-

vestígate differences between species. I'fouth position \¡ias de-

scribed by measuring the vertical distance from the antero-ventral

típ of the premaxilla to the occiput and divided by head depth.

Premaxílla protrusibilíty measurement technique \¡las outlined by

Keast and Webb (1966). Angular orientation of the mouth was

described by measuring the angle between an extension of the

horizontal margin of the preopercle through the corner of the

mouÈh, and the bisector of the angle of the jaws when the mouËh

was wide open.



9

To study head structuïe, slope of the forehead was described,

head length, depth and width, snout length, depth and width, least

fleshy ínterorbital r¡idth, and eye length and position I¡Iere measured.

Head length excluded the opercular membrane. Snout depth and width

paralleled head depth and v¡idth but were taken at the anteríor

margin of the eye. Eye positíon was described by measuring

suborbital depth to the isthmus and dividíng by head depth through

the centre of the eye.

To study gi11 raker structure, rakers of both limbs of the

first arch were enumerated and their length compared visually between

species. Rakers of. 34 johnny darters and 29 blackside darters were

examined.

Results

Distribution and abundance

Based on length frequency (Appendix 1), 2 age groups (age 0 and

age l+) of each specíes were dístinguíshable in early, mid and late

summer (Table 3). In springr âBe 0 f ish \^rere not yet present, and

in autumn, very few age 1+ fish were caught. Blackside darters v¡ere

approximately 10 mm longer than johnny darters of the comparable

age group.

Johnny and blackside darters \^rere noÈ found in the headwaters,

but were abundant in the midcourse and the Bírch River, and present 
'

although not abundant ín the lo¡ver course and trÍbutaries (Table 4).



Table 3. Size ranges 0.05 mm) of age grouPs.

Season JDO JD I+ BDO BD 1+

Spring

Early sunmer

Midsummer

Late summer

Autumn

20

20

25

25

29.9

34.9

39 .9

44.9

39 .9

44.9

49.9

s4.9

25 - 59.9

30 - 59.9

3s - 64.9

40 - 64.9

4s - 64.9

25

30

30

30

30 - 64.9

40 - 79.9

4s - 74.9

50 - 14.9

55 - 74.9

NOTE: JD, johnny darterl BD, blackside darter; 0, age

1+, age 1+.



-1
Density (no.m2) of darters along the length ofTable 4.

the ríver.

Zone Area

sampled

(*2 )

Johnny

darters

Blackside

dart ers

Headwaters

MÍdcourse

Lower course

Birch Ríver

Tributaríes

52

L946

377

313

138

0

3.0

0.6

L.6

0.5

0

l.l

0.2

0.7

0.3
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Johnny darters were lhe more abundant species. Other fisheS present

in the l^Ihitemouth River system are recorded in Appendíx 2.

Density within Environments - fn Lhe midcourse, both species

were found over a r¿ide range of waLer velocitíes, depths and

substrates. They were present in each environment during each

season (Fíg.2). Age 0 group of both species I,7ere more abundant

than age 1* at all times (excludíng spring) , in all environments.

Some seasonal shifts in densíty belween environments occurred.

Age 1+ johnny darters vrere more abundant in margins and pools in

spring and autumn buË in summer vTere most abundant in riffles.

Age 0 johnny darters vrere more abundant in the slov¡er wat.er of

channels and margins and pools when Ëhey first appeared in early

sunmer and agaín in autumn, but were dístributed throughout all

three environments in mid and late summer. In all seasons except

early summer: age 1* blackside darÉers were more abundanË ín

ríffles than in eít.her channels or margíns and pools. Densíty of

age 0 blacksíde darËers lras greatest in channels and margins and

pools in early sunmer, but shifted to channels and riffles at

other times.

C^ values exceeded 0.82 indícating a hígh 1evel of overlap

between species in envíronments occupied (Table 5). Exceptions

were bet\"7een age 1* of the two species in spríng, and between

different age groups of dífferent species in autumn.



Fígure 2. Densíty

according to environment

the lrrhitemouth River.

NOTE: JD, johnny darter;

1+, age 1+.

^-l(nurnber of fish.l0 m¿ ) of darters

and season, withín the midcourse of

BD, blackside darter; 0, age 0;
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Table 5. Index of

different seasons.

overlap, C¡, in environments occupied an

Groups

Compared

Spríng Early

sunmer

Mid-

suiltmer

Late- Autumn

suîrmer

JD 0 vs.

JD 0 vs.

JD 0 vs.
!

JD 1' vs.
!

JD 1'vs.

BD 0 vs.

JD 1+

BDO

BD I+

BDO

BD 1+

BD ]-+

.525

.847

.982

.990

.924

.828

.958

.890

.937

.826

.923

.987

.9L2

.958 .885

.9L5 . B3r

.837 .789

. 935 .7 43

.848 .935

.979 .855

NOTE: JD, johnny darteri BD,

0, age 0; 1+, age 1* .

blackside darter;
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Microhabítat Occupied - Johnny darters vrere almost excl-usively

benLhíc in all environments and vTere not observed more than 1.5 cm

above the substrate (Fig. 3). Blackside darters \^7ere more pelagic,

depending upon environment occupied and age group. They were most

benthic in riffles, and became increasíngly petagic with decreasing

.þ¡ater velocity (Fig. 3). In margíns and pools, they v¿ere ob-

served above 1.5 cm from t.he substrate for more than 60% of the

tíme. Age 0 blackside darters \^rere more pelagic than age l* in

all environments.

Both age groups of both species \¡Iere more commonly observed

in situations fully exposed to current than in either unexposed

or partíally exposed (fa¡te O). Similar proportions of each group

rdere recorded under the same conditíons índícatinS 1itt1e

envíronmental segregation in terms of degree of exposure to

current.

Mobility withín Environments - The frequency of darts

(10 - 15 min-l) by johnny darters was similar beËvreen environ-

ments and age groups (Table 7). Blackside darters Ifere more active

fhan johnny darters (15 - 30 . min-l), and most active in channels

(28 - 30 darts min-l). Age gïoups of blacksíde darters

v/ere comparably active, except in riffles rvhere age 0 was less

so than age 1+.

In all envíronments, mean dart length and dístance travelled

per min of age 1+ of botlr species exceeded that of age 0 fish, and



Fígure 3. Vertical distríbution of darters ín different

environments.

NOTE: JD, johnny darteri BD, blackside darteri 0, age 0;

1+, age l+.
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Table 6. Frequency (7) of fish observed at various degrees

of exposure to cuTrent.

Exposure JDO JD 1+ BDO BD 1+

Unexposed

Partíally exPosed

Exposed

12.5

39.2

48.3

L9.6

38.2

42.2

25.0

40 .0

35 .0

25.0

35.0

40 .0

NOTE: JD, johnnY darter;

0, age 0; 1+, age l+.

BD, blackside darter;



Table 7.

and distance

I'lean dart frequency

travelled (cm . nin-1 )

(number. min-l), length (cm),

by darters in various environments.

Environment Species and

age group

Mean darE

frequency

I"lean dart

length

Mean distance

travelled

Ríffles

Channels

Margins

and pools

JDO

JD 1+

BDO

BD I+

JDO

JD ]-+

BDO

BD 1+

JDO

JD 1+

BDO

BD 1+

20.4

32.2

100. B

89 .7

10.1

13 .3

75.7

23.3

2.6

3.0

,o

3.6

1.5

2.8

3.6

3.0

1.3

to

2.5

3.3

26.3

39.9

45.5

B3.B

L9 .4

37 .r

46 .s

7r.6

13 .6

11 .5

28.0

29.9

L4.9

L2.B

18.6

2L.7

NOTE: JD, johnny darteri BD, blackside darter; 0, age 0;

1+, age 1+.
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blacksíde darters exceeded johnny darters of the same age group

(Table 7). The only exception occurred in channels where age 0

blackside darters outdistanced age 1+. Each age group of black-

side darter covered approximately twice the distance of the same

age group of johnny darter. Environment occupied díd not affect

distance travelled for any group, except age 0 blackside darters

which moved f art.hest in channels.

In general, johnny darters changed direction by approximately

30" betv,een successive darts as often as they darted straight

ahead (Appendíx 3), whereas blackside darters moved straight ahead

more often. Results of chí-square tests on the effects of

environment occupÍed and age group are presented in Appendix 4.

Díet and Feeding Behaviour

Díet - Chironomid larvae predominated in the diet of johnny

darters ín all seasons (Fig. 4). Age 0 also regularly consumed

sma11 crustaceans (Cladocera, Copepoda and OsËracoda). Age t+

at.e large quantíties of Ephemeridae naiads (rnayf lies) in midsulT'mer,

and Amphípoda in autumn. Blackside darters also normally consumed

some chironomíd larvae, and age 0 ate small crustaceans but these

iËems constituted a smaller proportion of the total diet (Fig. 4) .

Their food was more variable ín number of taxa taken and in season-

ally important taxa. It íncluded Epheneroptera (Ephemeridae,

Heptageníidae and Baetoidea), Corixidae, Trichoptera, Simuliidae



Figure 4. Diet of darters from Apr. to Nov.r1977.

Baetoídea includes Síphlonuridae, Baetidae, Baetíscidae (rare),

and Leptophlebiidae.

NOTE: 1, larvaei nd, naiadsi ny, nymphsi JD, johnny

darteri BD, blackside darter; *, less than L7".
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(spring), and Amphipoda (autumn). Both age grouPs of black-

side darters usually ate very símílar proportions of each food

ítem except that age 0 consumed zooplankton in all seasons '

especially earLy sufltmer.

Overlap in díet, ô^ , betr¿een different age groups of the same

species was always greater than 0.70, but between fishes of

different species of the same age group ít was much lower, usu-

ally between 0.13 and 0.43 (Table B). An exception Ëo the latter

occurred ín midsummer when diets of age 0 fishes of the two species

overlapped by 0.86. Values for díversity Ín diet were símilar

between age groups of the same species but were tv¡ice as high

for blacksíde darters as for johnny darters (Table 9) '

Feeding Behaviour - Johnny darters make feedíng darts more

frequently than blacksíde darters in all environments (Fig. 5A).

Símilarly, âBe 0 johnny darter feeding dart frequency is every-

r¿here greater than age 1+. Age 0 blackside darters make more

feeding darts than age 1* ín channels, but not in other environ-

ments. For all groups feeding dart frequency is approximately

egual ín riffles and margins and pools. Tn channels, frequency

is three to four times greateï for all grouPs excePt age 1+

blackside darters, for whích it is approximately 4 the rate

observed elsewhere (Fig. 5A) .

Both riffles and channels were important feeding areas for

age 0 fish of boËh specíes (Fíg 58). Riffles alone were



Table 8. Overlap ín díet. â^

l, indícating completely different

diets, respectively.

values can vary from 0 to

to completely overlaPPing

Groups

compared

Spring Early

sunmer

Midsummer Late Autumn

summer

JD 0 vs.

JD 0 vs.
¿

JD 1' vs.

BD 0 vs.

!
JD 1'

BDO

!

BD 1'

BD 1+

0.43

0.93

0 .35

0 .40

0 .95

0.73

0 .87

0 .35

0.84

0 .9r

0 .40

0.26

0 .70

0.96

0 .13

0.22

0.79

NOTE: JD,

1+, age 1+.

johnny darter; BD blackside darEer; 0, age 0;



Table 9.

Higher values

Diversity i-n diet from Apr

indicate greater diversity.

to Nov., L977 .

Species Age Group
ã o.2'l_

Johnny darter

Blackside darter

0

l+

0

1+

2.27

2.08

5.26

5 .56



Fígure 5. A. Feeding dart frequency (number. min-l) ín

various envíronments. B. Index of importance of different

environments for feeding. Index ís the product of feeding dart

frequency and relaÈive density \dithin each environmenË, and

expressed on a scale of I to 100.

NOTE: JD, johnny darter; BD, blacksíde darteri 0, age 0;

1+, age 1+.
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important to age 1* blacksíde darters, whereas all envíronments

were important for feeding to age 1+ johnny darters. Margins and

pools were relatívely unÍmportant for most darters (Fig. 58).

Mean length of feeding dart was approximately the same betr¿een

age groups of the same species, but was notably longer for black-

side then for johnny darters (Table l0). LengËh of feeding darr

rías more variable for blackside darters (Table 10). For johnny

darters it was more variable for age 1+ than age 0 fish, but the

reverse síËuation was observed for blackside darters. Lewontinrs

(1966) test for comparing varíability indícated that differences

in variabllitl' of feedíng dart length existed between all groups

except age l+ fish of the Lr¿o species (Table 10).

Based on díscríminant analysis of 5 components

the tvro specíes vÍere correctly dífferentíated 85.02

of

of

feeding behaviour,

the time.

PredícLíon of group membership was more successful for johnny darters

(92.2"/") than for blackside darters (77 .82). The componenËs most ímpor-

t.ant as discrirninanLs r.rere pitch, exposure of bíte site to current, siLe

of bíte, anC height above Ehe substrate (Appendix 5). Correlation and

covariance values (Appendices 6 and 7) were highest between the latter

Ëwo variables, and low for all other combinations of varíables. For

l¡lack-side darters pitch \,üas nearly horizontal , and bites ruere taken from

lesser exposed locations, most often from objects or the water about

I cm above the substraEe (Table 11). Johnny darter bites were directed

dov¡nward on¿o nore exposed locatíons atoP the substrate (Table 11).



Table 10. Length and vari¿bílíty of feeding darts '

Lewontin's formula r,ras used to calculate F values for length

variabí1ity.

Species Number Mean Coefficient F value and

and of bites length of comparison group:

age group observed (cn) varíation JD l+ BD 0 Bt 1+

.]D0

JD 1+

BDO

a
BÐ 1'

80 0.3 .018 0.55a 0.16a o.4ga

40 0.5 .032 - 0.30 0.89

24 r.5 .1ot 2.974

2r r.2 .037

a varíability ís significanËly different, o(: .05.

NOTE: JD, johnny darËeri BD, blacksíde darter; 0 age 0;

,+ _+l-,agel.



Table 11. Mean values and -standard deviations of

discriminant variables of feeding behaviour analysís. Variable

values were coded as follows: siEe of bite - 0 substrate, I object

above substrate or T¡Iater; height - 0, L/2, L or 2 cm; exposure -

0 unexposed, 1 partially exposed, 2 completely exposed; pitch -

0 below horízontal body axis, 1 even with horizontaL body axis,

2 above horizontal body axís; ya\{ - 0 directly forward (t 15"),

I deflected 30" ¡t 15o) sídeward,2 deflected 60o(t 15") sideward.

Varíable Species Mean Standard deviation

Site of bite

Height above substrate

Exposure to current

Pitch

Yaw

JD

BD

JD

BD

JD

BD

JD

BD

JD

BD

0 .08

0 .90

0 .07

0.91

r.94

L.44

0.03

0 .80

0.64

0.52

0 .31

0 .65

0 .31

0.74

0.27

0.67

0 .18

0.69

0.s5

o.52

NOTE: JD, johnny darteri BD, blackside darter.
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Higher standard devíaÊions for all components indicated blackside

behaviour vras more variable (Table ll).

The dov¡nward trajectory of 78% of johnny darter feeding

darts was directed\7.5o below the anterior tip of the premaxilla,

compared to only 23"/. f.or blackside darters (Table 12). The bite

target of the latter species \tas most frequently (367") siÈuated

withín a 15o arc above and below the tip of the premaxilla

(Table 11). The degree of sideward deflection of feeding darts

was símilar for the two specíes (Table 13).

Tíme of Activity and Feeding

Both specíes of darËers r¿ere active and fed only during

daylight hours (Appendix 8).

Morphology

Swimbladder - Swímbladder volume, and hence buoyaney of

blackside darters caught in margins and pools, vlas greaËer than

those from ríffles (Table 14). Both age groups were nearly

neutrally buoyanË ín still l^rater, but Ehe swimbladder provided

less t.han L0% of. the lift requíred to attaín neuËral buoyancy in

fish from fast water (Table 14).

Mouth, Head and Gill Raker Morphology - Proportionate

dímensions, counts, and shape of several features of the mouth,

head, and gil1 rakers dif f ered signif icantly between the tr'ro



Table 12. Vertícal angular component of feedíng dart

Ërajectory. Angle above hotízonlal denoted by *, and below

by -.

specíes ( -l ,so -7.5" to +8.0" to +23 .oo to ) +37.5"

+7 .5" +22.5o +37 .5"

JD (%) 78 Is

BD (7") 23 36 26

NOTE: JD, johnny darteri BD, blackside darËer.

0

J

J

L2



Table 13. Sideward deflectíon of feeding darts ("/.).

Spec ies

Feeding darts deflected between:

0o -15" 16'-30" 31' -45o h6' -60" 6f -75" 7b -go

2

3

9

5

JD

BD

2s47L70

31 40 6L5

NOTE: JD, johnny darter; BD, blackside darter



Table 14. Buoyancy (rni,'g-1¡ of blackside darters

captured in differenÈ environments. (1.0 mL' g-1* neuËral

buoyancy.) Number of fÍsh measured is given in parenÈheses.

Age Statistic Riffles Margins and pools

group

1+

Mean

S.D.

Mean

S.D.

.032 (14)

.047

.07 6 (L2)

.081

.ee7 (e)

.I29

.866 (7 )

.rl9

NOTE: S.D. , standard deviation
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spec-ie.s (Table 15). The mouth of johnny darters was relatÍvely

smaller, posi.t-íoned ventrally and dir:ected dov¡rrward when opened

(Fig. 6A). The premaxilla r^ras protrusiie. Blackside darter

mouths were larger, Positioned terminally and directed anteriorly

when opened. The premaxílla \,/as rioÈ protrusile.

The blunt johnny darter head had a steeply sloping fore-

heaci, whereas the more acutely pointed blackside darter head

had a gradually sloping forehead. Relatíve dimensÍons of the

head and snouL díffered litt1e between species except that snout

depth v¡as shallo\,rer ín blacksíde darters. Johnny dar¡ers) eyes

v¡ere sm.aller and set more dorsally anci closer together than black-

síde darters t .

Gíll raker number and shape differed markedly, with johnny

dart.ers possessing fewer (mean 9.0), short, heavy rakers, and black-

sides having moïe numerous (mean f6.3) elongate rakers (Fig. 68) .

Díscussi on

Although consi:J.eret1e ecological overlap was found between

¡he two species, there were differences in resource dimensions

used and appuïtenant behaviour and morphology which could account

for t.heir coexístence. In these three potential avenues of

ecological segregation, johnny darters tended to be comparatÍr;'elv

specíalized and blacksíde darters comparatively generalized.



Table 15. Structure of nouth, head and gill rakers. ¡lean

Eeasuremen! wiÈh standard devia!Íon in parenthesis.

Feâture Johnny darter Blackside darter

llouth structure

*uouth dian x tOO
6.7 (0.3) 7.7 (0.4)

"!."d^.d 
1,

i'nouth posíEion x 100 72.6 (3.7) 62.1 (4.5)

*protrusibility of prenaiJl a 23 .92 (8 .6) 2 .3'l (2 .I)

*angular orienrarÍon of -37" (4.0) -5.3" (3.4)

open Eôuth

Head structure

head l. x 100
2s .s (r.o) 25 .5 (1.7)

ss .2 (2.3) 52 .r (2 . 1)

standard I.

* head d. x 100

head 1.

* head w. x 100

head 1,

snout 1. x 100

head 1.

* snout d.

snout 1.

snout w.

snout l.

*Ínterorbital w. x 100

head w,

xsys l. xJ00

head 1.

eye position x 100

s4,2 (4.4) 49.s (3.8)

19.3 (1.2) 19.4 (1.7)

1.9 (0.1 ) 1 .6 (o .2)

1.6 (0.r) 1.6 (0.2)

2r.s (2,3) 31'1 (4.3)

27.8 (1.8) 30.o (2.1)

s3.s (6.s) 40.1 (7.5)

.âblfa raKers

*number on entlre

ffrst arch 9.0 (0,9) 16.3 (1.2)

* signiflcantly different, =,05

a Dr. C.E,E. Moodle - unpublLshed date.

NoTE: d., depth; I. length; w., wldth; - denotes below

horlzonÈa1.



Figure 6. Iforphology of johnny and blackside darters.

A. Head strucËure. B. Gill raker structure.

NOTE: TL, total length.
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PartíLioning of II¿.bitat and the Significance of SwinunÍng Behaviour

and Buoyancy

Distributíon along the length of the river \,ras very similar

for the two species. Hor¡ever, blacksÍde darters ranged slightly

farLher into more extreme environments (from boulder and slabrock

rapíds to silty tributaries). Overlap ín environments occupied

r¡/as generally very high. I^Iide tolerances f or water velocity and

substrate type for these species ha.ve also been found by others

(Karr L963: Pa.ge !972; Scott and Crossman 1973; Speare 1960;

Trautman 1957; Winn 1958). Lesser overlap in spring may be

attributable to differences in site of reproduction. Johnny darter

eggd are deposited on the underside of rocks ín water \^7ith líttle or

no current (i^linn 1958). In contrast, I have observed blackside

darters defendíng spav,rning territories in riffles flowíng 725 cm'"-1 ,

and Petravicz (1938) an<Í l¡Tinn (f958) reported this behaviour from

ttmoderate currenttt and trracewayst" respectÍvely.

Patterns of vertical distribution were dissimilar for the two

species. Johnny darters r,rere spec íaIízed forlUentt j.c mode of

life in all environments, whereas blackside darters lüere more

pelagic, particularly in slow moving waÈer. The Èendency Èorvard

vertical segregation is exaggerateo in the larval stage, with

johnny darters sitting on Ëhe bottom (Balesic J-97l_; Fish 1932)

and blackside ciarters swimming near the surface (Petravicz I93B).
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The swirnming behaviour of Ehe two species vTas not identical.

Johnny darters typically sat on the bottom, and moved ín short,

relatively uníform dash-es. They tended to change directj.on of

orientatíon of successíve darts more frequently, which rnay have

íncreased. the f ield of surveíllance. Blackside darters \.vere more

active, explored a larger area, and exhÍbited a greater reperloire

of sr.'Ímming and probíng movements.

Because structural rnodifications can be correlated with

various aspects of ecology and behaviour, differences therein

may be used t.o predíct and delirniË ecological niche, as Keast and

i^lebb (L966) have done in Lake Opínicon, Ontario.

Johnny darters are wíthout a swÍmbladder, but it is Present

in blackside darters, and the volume can be regulated to

compensate for differences ín water velocity. Relative inflation

of the swiurbladder ís the morphological basis for differences in

vertical dístribution (Gee L967, L972; Gee and Northcote 1963).

T-ack of a swímbladder restrícts johnny darters to the bottom

and confers more stereotyped behaviour. Blackside darter

behaviour ís more plastic since r:egul.ation of swimbladder volume

facílitates use of the vertical dímension of the envíronment.

A varíable but negatí-ve buoyancy allorvs a fish to hold

positíon in a variety of \dater velocíties (the faster the velocity

Ëhe lower the buoyancy) (Gee I 977) . A near neutral buoyancy allows

for ease of movement in stíll water both in horizontal and
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vertic¿,l planes. The latter holds true only over short verLical

distances, usually 1Lm, as typically found ín streams.

Partitioning of Food-type and the Significance of Feeding Behavjour

and Relevant }forphology

The dj-et of botb specíes was primarily immature aquatic

insects, which âgrees wíth the fíndings of others (e.9. Balesic

I97l; Flemer and WoolcoËt 1966; Forbes 1880: Karr L963; Pearse

1918; Turner 792I). Throughout the íce-free period johnny darter

prey r¡ras almost exclusívely chíronomid larvae and small crustaceans.

ChÍronomidae are usually benthic sprewlers and burror¡ers (Coffman

L97B), and the Crus¡âcea are found near Ëhe bottom in slower moving

!{ater (Hynes f970). Blackside darter diet included the same

items as that of johnny clarter, but prey orgarrisrns v/ere taxonomically

an<i behaviourally more díverse. Ephemeroptera n)¡mPhs often

conceal themselves beneath and between sËones by day (Bishop 1969).

Those present in th-e stomachs \,zere mostly clingÍng and swimming,

v¡ith some burrowi-ng, forrns (Edrnunds 1978). Corixidae are sv;j.r¡,ers

and c1ímbers (Folhemus f978). TrichoPtera larvae were nostly

Hydropsychídae, whí.ch spín nets and cling Èo rocks in fast rüater

(I,liggins 1977). Sirnuliídae larvae also hold fast to the subsËrate

in fast r,¡ater (Grenier L949), and Ari'phipoda ¿ire t'enthic crawlers and

swimmers (Uynes 1954). Furthermore, Chironomidae, Ephemeroptera'
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Simuliidae and Amphipoda commonly enter the drift (Waters 1972).

Seasonal changes in important taxa in the diet of blackside darters

may reflect opportunistic feeding on items whose life history cycle

causes seasonal change in availabí1ity.

Overlap in food consumed between comparable age groups of

the two species normally ranged from 0.13 to 0.43 but rníght

have been even lower if level of prey identifícation had been

more refined, or if size of food organism had been anaLyzed.

The only high value for interspecific overlap (0.86 between

age 0 fishes ín midsummer) arose frorn the conmon consumption of

chironomid larvae, a ubíquítous and often exceedíngly abundant

food source. Other workers have found increased trophic overlap

to correspond wíth increased food abundance (Keast 1965' L970;

Nilsson 7965: Ross 1977; l^lerner and Hall L976; Zaret and Rand

L97L) .

Both species simílarly exploit different environments for

feeding, but their feeding behaviour díffers rnarkedly. Johnny

darters specíalíze ín pecking dov,rnward aE items on t.he substrate.

Blacksíde darters tend to feed in a microhabitat slightly above

that of the johnny darter. The horÍzontal pitch, higher site and

height of bite and more pelagic swimming behaviour enabl-e

Èhem t.o prey upon organisms relaËively inaccessible to johnny

darters (e. g. Corixidae). TrauËman (L957) even observed

bl-ackside darters rising to the surface for insects. Feeding
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at different levels in the r./ater column is not an uncoutmon

segregatíon mechanism in oÈherr¿ise simi-lar coexistíng físhes

(Keast 1970).

The greater variability of feedíng dart length and all

components guantified for discrimínant analysis reflects the

more varíed repertoire of feeding movements used by blackside

darters in capturing behavíourally diversified prey.

I'lorphology of the mouth and gí11 rakers is adapted to

feeding ecology. Johnny darterst st.ructure predisposes them

to engulf smaller items from the substrate, whereas the more

generaLízed blacksíde darter morphology enables them to seíze

more types of prey from more varíed mícrohabitats sometimes

quite distant from the bottom.

The higher posítion of johnny darter eyes and their latero-

medial movement may enhance speciallzation for ventrally directed

vísua1 acuity (as described by Curd's [fgOOl examination of retinal

structure) by rnaking acute 1íne of sight more perpendicular.

Blackside darters I field of greatesÈ visual acuity ís less

specíalized, wíth eye position and movement permitting more

Lateral and anterior vísion. Darters are knov¡n to be sight

feeders (Curd L966; Roberts and l^linn 1962), thus position of

eyes and retína1 specíalízations can be correlaEed with feeding

habits (Ahlbert 7969; Tamura 1957).

Johnny darters had fewer, shorter, stouter gill rakers

than blackside darters. Kliev¡er (1970) studying whítefish, and
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Larson (I976) studyíng stícklebacks, have found similar differences

in gill raker structure between benthic- and pelagic-feeding forms.

Partitioning of Time

No evidence for resource partitíoning by tÍme of day was

found, although Keast and I,ielsh (1968) reporred differences in

feeding times between species. Schoener (I974) indicated that

temporal partitioning is rarely as ímportant as space or food.

Because tíme cannot be depleted like space or food, nor does

it exhíbít the variability prerequisíte for speciaLízation,

Ricklefs (7973) considers partitioníng of Ëime an unlikely

mechanísm of ecological differentíation.

However, âge 0 fishes may to some degree have temporally

partitioned the environment occupíed and food in early spring.

Young blacksíde darÈers were found earlier in margíns and pools,

and appeared Eo move sooner ínto channels and riffles than

johnny darters. They were also longer, grevT faster (Karr 1963),

and had relatively larger mouths than johnny darters, enabling

them to handle larger prey Ítems. Gibbons and Gee (1972) found

eiídence of temporal partítioning of stream margin habitat by

differentíal time of hatchíng of longnose and blacknose dace.

Svärdson (L949) presented examples of closely related specÍes

of coregonids whose dífferential growth raLe r¡ras fundamental
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to their ecologícal segregation.

Thus, in terms of the habitat resource dimension, neither

dístribution along the length of the river, nor envíronments

occupÍed differed markedly between the two species, but the

precise vertical dístributíon did. This difference \¡ras related

Èo relatíve height ín the v/ater column at which fishes swam, and

Ëhus to the swimbladder, and was magnif ied in slor¡rer r^rater

velocitíes. In terms of the food. resource dimensíon, benthic

immature insects and small crustaceans vrere eaten by both species,

but different prey taxa appeared in different proportíons in

the diets. Johnny darËers specialized on chironomid larvae, and

the behaviour and structures ínvolved ín perceivíng (retinae),

capturing and manípulatíng food (mouth and gí11 rakers) were

correspondíngly specialízed to obtain food efficiently.

Blackside darter diet ¡^¡as more diverse, Ëheir feeding behaviour

more varíable, and food detectíon and manipulation strucËures

vlere more generalízed. Tírne of day was not important in subdividing

habitat and food resources avaílable t.o the two specíes, but

dífferences in tíme of hatching, in conjunction wíth size and

gro\^rth rate, may have served to segregate age 0 fishes to some

degree. Hence, a varieËy of mechanisms pennit johnny and blackside

darters to exploít resources slíghtly differently and obviate

intense ecologíca1 overlap.
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Appendix 1. Lengtþ frequency of darters collected ín

various seasons.

Length

(n¡t)

Specíes Spring I'lid- Late Autumn

sulltner sulmler

Early

sunmer

(zs. o

25.0-29.9

30 . 0-34 .9

35.0-39.9

40.0-44 .9

45.0-49 .9

50.0-s4 .9

s5 .0-59 .9

60 ,0-64.9

65.0-69 .9

à zo.o

1181

34 15354

--^aI t5

680

7L

60 sB

5 590c

r34 r74

135

55 L29

11 11

13 55

23 38

27

48 39

01

L7 28

00

913
00

36

JD

BD

JD

BD

JD

BD

JD

BD

JD

BD

JD

BD

JD

BD

JD

BD

JD

BD

JD

BD

JD

BD

3

1

47

0

154

3

88

5

JO

29

L2

L7

7

9

4

4

0

9

0

1

U

l-

5gla

806

3&

268

Lt2

90

193

t57

38

BI

T2

t7

t')

5

18

0

6

0

0

lo5a

0

257

1

r07

14

4L

28

12

18

4

6

2

1

3

0

7

0

l

a. lncludes f ísh (25 .0 rnrn

b includes físh <25.0 mm and 25.0 to 29.9 n¡n

c includes fish 25.0 mm to 34.9 mrn

NOTE: JD, johnny darter; BD, blackside darter.



Appendix 2. Fishes

zones of lhe trrrhitemouth

parenthes is, onù 
^\Lrr\ber

(other than johnny and blackside darters) Ín various

River systero. Number of sites sampled ís gíven in

ol s,tes o{ coçlure \s +o'br.r\ated.

Species Famil.y

Head- ìfid-

staters course

(3) (18)

Lo¡,¡er Birch Tribu-

course River taries

(3) (12) (4 )

Ichthyomyzon fossor

Umbra 1íni

Esox lucius

Nocomís bíguttatus

Notropis cornutus

N, rubellus

Píroephales pronelas

Rhínichthys cataractae

CatostoÐus cormersoni

ìf3xostoma macrolepidot.um

Culaea inconstans

Anbloplítes rupestris

Etheostona exíle

E, nigru¡n

Percina maculata

P_. caprodes

Stizostedion viEreuIo

Petronyzontidae

Umbridae

Esocídae

Cyprinídae

Cyprinidae

Cyprínidae

Cyprinidae

Cyprínídae

CaÈostomídae

Cat ostomidae

Gasterosteidae

Centrarchidae

Percídae

Perci dae

PercÍd ae

Percídae

Petcídae

1

l3

I5

2

,)

3

I

t

a

4

1

2

1

1

)

2

3

1

2

11

L4

11

7

3

9

1

1

183

183
o,

31

1

1



Appendix 3. Frequency- (%) of darts oriented at various

angles with respect to preceeding dart' Age groups and

envÍronments occupíed are combined r'¡ithín each species '

Angle of oríenttalon (trs") JD BD

00

30"

600

90"

other

32.8

34 .3

15 .8

13 .3

3.0

38 .8

26.7

L2.L

L7.L

5.2

NOTE: JD, johnny darËeri BD, blackside darÈer'



Appendix 4. Chí-square tesEs for the effect of three variables'

A,environnen!occupÍed,B'agegrouP,andC'speciesandagegrouPon

dart oríentation frequency. Ñ(,05, Ð = S'gg

EnvlronnenÈs

coEpåred Species

Ase" n,L

^grouP

R, C, lf/P

R,C

R, r'flP

c,ìf/P

0

1+

0

l+

4 .63

I .684

28 .53a 'b

5.L24

BD

BD

BD

o ro.85b

0 18.08b

o 16.94b

Age groups Environnent

conpared occuPled
ñfL

Species

0, 1'

0, 1'

R

c

H/P

p,

c

M/P

4.27

2.60

8.24

5 .91

11 .83

JÐ

JD

JD

BD

BD

BD

c. Specles and age

groups conpared

Envlronnent.

occupied

q'

JD O vs. BD 1+

JD 1+ w' BD 1+

f+
JD 1' vs. BD 1'

¡¡ f+ *. ¡o r+

JD 1+ vs. BD l+

JD0 vs, BD0

JD0 vs,DD0

JD 0 vs, BD 0

JD l+ vs, BD 0

JD 1* vs. BD 0

JD 1+ vs. BD O

conbined

conbined

R

c

Ìf/P

R

c

conbfned, u/P

conbfned, R

conbfned, C

conblned, Il/P

23.40

2.48

5.6¿,

1 t)

3.46

9.4s

13.71

4 .31

14.79

29.21

r1.19

^X2(.os,3¡ = 9'49

b Varlable does affect dart orfentation frequency'

NoTD: R, riffles; c' channels; M/P, nar¡¡1ns and pools:

JD, Johnny darteri BD, blackslde darter; 0, a¡¡e 0: 1+, age I



Appendíx 5. Standardized discrimination

functíon coefficients. The absolute value of

each coeffícÍent represents the contribution of

íts assocíated variable to the díscriminant

funct.ion.

Varíab1e Coeffícient

Site of bite

Ileíght al¡ove

Exposure to

Pítch

Yaw

substrate

current

-0.28

-0.29

0 .34

-0.38

0.13



Appendíx 6. I^iithin group correlation matrix for

discriminant analysÍs of feeding behaviour.

Site of Height above Exposure to Pítch Yaw

bíte substrate current

Site 1.00

Heíght 0.78 1.00

Exposure 0.03 0.02 I .00

-0.04 1.00

-0 .10 -0 .05 1 .00

Pitch

Yaw

0 .40 0 .27

0.04 0.15



Appendí.x 7. I^Iithín groups covariance matrix for

discriminant analysís of feedíng behaviour.

Síte of Heíght above Exposure

bíte subsËrate to current Pitch Yaw

Site 0.26

HeÍght 0.23

Exposure 0.01

0.32

0 .01 0.26

0.08 -0.0r 0 .2s

0 .0s -0 .03 -0 . 01 0 .29

Pitch

Yar¿

0.10

0 .01



Apper-dj.x 8. Tíme of activity and feeding.

Tirne of

day

I'fínutes of

observation

Mean nurober of Mean nurnber of

darts . rrin-I feeding darÈs.mín-l

BDJDBDJDBDJD

I :00c

4 :00'

5 :0Oc

6 :004

I :00b

9:00c

10 :004

12 :00b

14 : OOa

16 :00b

17 :00c

18 : OOa

20 :00h

21:00c

22:OOê

,t

tñ

t<

11 .5

8.0

1.8

9.6

IU.4

8.0

7.6

LI .6

5.1

o<

3.3

0.0

0.0

21 .r

23.0

23.9

30.9

to 
^

24.4

13 .5

40.5

10 .1

2.C

2.8

10

L4

10

L4

T4

10

T4

L4

L4

20

l0

1/,

L7

10

L4

1

11

1

I4

L4

1

L4

74

L4

20

10

t4

IU

I

11

0.0 0 .0

0.1 0.0

0 .2 0.0

1.6 7.4

r.6 1 .8

0 .2 0.0

7 .2 1.8

r.6 0.4

1.1 1 .0

1.1 0.3

1.8 0.8

1.6 I .6

0.4 0.1

0. c 0.0

0.1 0.0

a July 30 -
b Aug. 22 -
c Aug, 21 -

NOTE: JD,

Aug. 7, L977

24, 1977

22, 7978

johnny dat9eri BD, blacksíde darler.


