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Abstract - s

-

f',Two morphological types (morphs) of threespine sti(:kleba'ck (Gasterosteus aéu/eatusl

occeurring parapatrlgally m the Drlzzle Lake watershed, Queen Charlotte lsl' ds appear to |

| be reproductlvely lsolated Only one adult of a visibly mtermedlate phen type has been

found in the exammatlon of more than 1500 fish near the zone of contact.
‘Field' and ‘expenimental work was conducted to determlne whether prematlng ’

.reproductlve l:olatlng mechamsms (ecologlcal temporal and ethologlcall were in effect

Addltlonally a morphglogncal study of inlet flsh was. made to see if aclnal pattern of

.varlatlon exusted along the length of the stream o S A

.Trapplng studies revealed that inlet frsh were conflned to the lower 450 m of the |
,sfream and were most numerous in. the reglqn 200 m, from the mouth’ An increase in .
movement was observed in lnlet subadulps in the early fﬁll Adult lake and inlet flsh w,ere ‘
rarely found in the' others habitat. ' _
ln a morphologlcal comparlson of adults and subadults of the two morphs
'dlfferences were greatest between lake agd inlet adults. Inlet adults more closely
., resembled lake juveniles in head morphology than did lake adults The possnble reteftion
of Juvenlle( characters in the lnlet adults is dlscussed Within the inlet morph few
sngnlflcant differences were f0und between areas of the stream no strong cllnes were
evident. : . : s .

,,,,, L ,Ec:ologlcal,,isolation wag, lnferred from the distribution and movement of the two
morphs. Experimental testing of habitat preferences indicated that water type and current
may serve as cues for the inlet fish: lake flsh responded most strongly to different
vegetation types, preferring that found in the lake. -

Breeding seasons of the two morphs appeared to overlap consnderably Thus,
‘temporal isolation was not in effect

-

Posmve assortative mating by lake males was demonstrated wnth males at theu'
nests in the lake The males approdched iake females approxlmately 70% df the time, and
virtually all courtship approaches were to lake. females Whether lake males were using

v colour pattern or the larger size of the lake females as a cue was tested usnng epoxy
models in the two sizes and painted in the two colour patterns Colour was shown to be :

the stronger stimulus.
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v
‘ A model mvolvung dlsruptvve selectvon and the estabhshment of habitat selectlon \ls

presented to: explam the dsvergence of these two groups from a single qﬁ)cestral !

populat:on Alternatlve historical hypotheses are discussed.

RS “The mvestlgatnon of prematlng mechamsms mdncates that alone they are not -

suffucnent to mamtam the dlstunctness of the two morphs The ex:stence of postmatmg

mechamsms ls,é)ostufated to account for the lack of hybrid mduvnduals

[
X L
~ . \
. I3
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I. INTRODUCTION

-

The prooesses responsible for speciation dre ®f fundamental interest in understanding
the reasons for the spectacular diversity of living organisms Speoiation is a slow
process whach cannot be studied in a human hfetxme There are, however, populatuons in
whnch this process appears to be nearly complete or only recently completed. It is in
'these groups that the factors responsible for the development of reproductive isolation,
~ the ultimate determinant of a completed speciation event. can be studied.

Threespine stickleback (Gasterosteus acu/eatus), are nearly circumpolar with both
freshwater and anadromou$ forms being widespread throughout the northern
hemlsphere (Scott and Crossman '1973). After Hagen (1967) and others, the freshwater
form is referred to as /eiurus, the anadromous form is called trachurus Lejurus hves in
freshwater streams and ponds throughout its life. It has few Iateral plates and is typncally
olive to brown in colour‘, and mottled (Hagen 1967). Trachureslives in the sea for most of
its life, migrating to freshwater to breed in the spring. Adults and y0ung return to the sea
in early autumn. 7Trachurus is d:stnngu:shed from /eiurus by a complete series of lateral
plates and s;lvery colour (Munzing 1963). .

Populatnons of the freshwater form are thought to r\_ave evolved i_ndepender\tly
numerous times from the anadromous form (Bell 1976 presents a model for this). Many ~
of these freshwater forms typify the leiurus form but others are highly d:vergent in
body shape. colour, relative spine length, and number of lateral plates (e.g. McPhail 1969:
Moodie 1972a; Reimchen 1980) These different morphological types {(morphs¥ of
stickleback have apparently evolved at several localities on the northern Pacific coast of
North America In some cases the morphs are sympatric within 3 lake, or parapatric with
one form occupying the lake and the other(s) living in inlet or outlet streams Most of the
detailed studies of these polymorphic populations have concentrated on differences
between elements. of a lake population (for.example‘, Larson 197l6; Reimchen 1880), or
within a stream population (Bell and Richkind 1981: Bell 1982). Moodie {1972a) and to a
lesser extent, Moodie and Reimchen (1878a), and Hagen and Gilbertson (1972), have
compared fish from lake/stream pairs These studies included watersheds on the Queen
Charlotte Islands It is in these populations contiguous yet morphologically and

ecologically distinct, that a study of reproductive isolation, or its potential, is particularly



e
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exciting. “ v ' K
Three morehs occur in the Drizzle Lake drainage on th% Queen Charlotte Islands,
. British Columbia (Fig. 1) (T.E. Reimchen pers. comm. and personal ebservation). Each of

these is restricted to one part of the watershed comprisingﬂg‘}izzge Lake, its only

significant inlet, and its outlet stream, Drizzle Creek. This study included only the "lake"

and "inlet" forms. \ - 1 *
Adults of the two morphs are readily distinguished. Iniet stncklebacks resemble the

typical /ejurus form (see Hagen 1967 for description) and have a mean standard length in

.. “wune of 47.85 mm (SD.= 3.85, n = 82). The lake form is black above with‘ silvery

counter shading and has a mean standard length in Aprit of 77.83 mm (S.D. ;397'n = 100 |

Longer dorsal and pelvic spines relative to body length and a more terete shqpe also

distinguish the lake form. These and other morphometric differences betweeﬁ the mlet
T

BCASS

- and lake forms had previously been noted by T.E. Reimchen. .

Long term observation of the lake morph in the vicinity of the inlet mouth by TE
Reimchen and the trapping of hundreds of fish in the inlet for this study indicate&tha’t
virtually\no fish of an intermediate phenotype (presumed .'\'hy'brids”) exists. (One specirhﬁer)\, "'
considerdd by Dr. Reimchen to be an intermediate form, was caught in the lake near thé"‘ o
inlet mouth-in July, 1882.). If the mofpholoéical differences described here have a
genetic basis. and differences in some of the same characters in other populations of G.
aculeatus have been shown to have a high heritaBility (Heuts 1947ab; Munzing 1963;
Hagen 1967, 1973), then the lack .of intefmediates suggests that barriers to successful
intermorph crosses are present.

These bafriers, termed reproductive isolat}ng mechanisms, isolate one populetion
from another. preventing or restricting gene exch{ange between them Mayr (1963)
groeps intrinsic reproductive isolating mechanisrrf;s into premating mechanisms (those that
“prevent interspecific crosses) and postmating mfechamsms {those that reduce the full
success of interspecific crosses). Postmating rr/echan:sms (gametic and zygot»c mortality,
hybrid inviability, and hybrid sterility) were not studled in this project. Three premating
mechanisms were considered, namely, tempor/al ecological and ethological isolation

The purpose of this study was to determme if the lake and inlet populations of

the Drizzle Lake system are reproductnvely lgolated by identifying. through observation

/
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F‘igure l. Drizzle Lake, Queen Charlotte Islands. Inlet
and outlet streams indicated by arrows. Depth
contours are in meters.
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and experiment, elements in the life histories of both forms which couid-serve as

isolating mechanisms. -

o

The five lines of mvestlgatvon which were taken to meet the above objective are

as follows

1.

Field study of the inlet population to de_terr‘nir\)e distribution and amount of
movemsnt within ti'le stream and between stream and Iake

Morphologlcal comparuson of the two morphs which continued from the work of
Dr. Relmchen and included characters not previously used.

Mate preference tests (lake malés only) to establish if assortatuve {(non-random)
matnng oceurs. A

Expernmental testing of habitat preference to determine whether any of several
variables tested alone serves to restrlct the morphs to their respectlve habitats.

Analysis of food preferences of the two morphs.
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H. THE STUDY AREA )
Drizzle Lake (53 BE'N, 132 05'wW) Iles in the northeast corner of Graham Island, the most
northern of the two main islands of the Queen Charlottes (Fig. 1). The lake is

approximately 1.75 km long and 0.75 km wide. It drains north to the Pacific through

" Drizzie Creek and two rivers, the Skonun and the Sangan. A broad littoral zone is found

on the western, southern, and eastern sides while c)ighe north side, the bottém drops

quickly to‘ a'maxm;m depth of approxum‘ete!y 16m. p

The major inlet flows about 4.5 km through a steep—sided channel and enters the

‘ jgke on the south shore (Fig.1). The width of the stream varies from less than | m in the
[ .

upper— reaches to more than I2 m near the mouth Water levefs ﬂuctuate greatly, reaching

their maxnmum durmg the period of heaviest rainfall from September to December

However periods of rasn during the drier summer months can lead to sudden increases in

depth and current, particularly in narrow stretches of the stream -increases in depth of
3b—45 cm within 48 hours were hot uncommon in some areas in 1981 Maximum depths
of 1.5-1.8 m are reached in the lower 150 m of the stream During periods of low
rainfal the stream is mterrupted by: l%ss or grass—-covered brldges and in places
upstream) consists of a series of isolated pools. -

Except for the lower 750 m and occasional stretches upstream, the inletis «.
bordered by a narrow band of coniferous forest (Tsuga heterophyliia, Thuja plicata, and
Picea S/tchenS/s) Beyond this forested strip are broad, flat areas of muskeg in whnch
Sphagnum spp.. Pinus contorta, and members of the heath family (Ericaceae) are
domnnant) Runoff from-the muskeg reaches the inlet through temporary runnels and
subsurface drainage. - - ’ . -

The bog habitat abuts the iower reaches of the inlet (below FF2, th.Z) where the
forested band is absent. In this region the stream is tonspicuously broader, deeper. and
warmer than in areas upstream. Temperatures in the inlet range from 8 - 16°C between
early May and early August with those in the forested section typically | =2°%ooler than
the temp.eratures in the nonforested stretch. ‘

Inlet water is dark brown in colour for most of the year, becoming lighter in

winters of heavy rainfall (T E. Reimchen , pers. comm.). Consequently, depth of light

penetration changes: throughout the year. In midstream the substrate is firm and consists’

o
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of coar-se‘sand, but areas of soft organié mud are found in backwater areas (DD 1, Fig.2)
and at the outside corners of the stream where CUrrent is reduced Submerged logs are
found along most of the forested length.

Aquatuc vegetat:on in the §tream is limited to occasional banks of Sphagnum in
areas of low flow. In the open area downstream a fllamentous alga, 8 Ilverwort (Scapan/a
sp.). and a rush. Juncus oregonensis are found.

Beyond the inlet mouth an intermediate area extends. along the eastern.shore of _
the lake for approxlmately 50 m. It is bounded on the shore side by a contihuation of the
steep stream bank and on the other side by a submerged_sandbar. Here, water from the
Jinlet mixes with that of the lake and other variabies are found in transitional states. At the
stream mouth, the water depth decreases from 60 cm in the stream to 35 cm about 10
m beyond the mouth (mid July, 18981 depths). There is an increase in the density and
variety of submerged vegetation probably due to the increase in the amount of light
reachlng the sub\strate An unidentified fllamentous alga, Li/aeopsis ocmc./enta/ /s, the
yellow pond lily, (Nuphar uteurn), and Juncus spp. are abundant The substrate in this
region of stream outflow consists of fine whlte sand overlain with a 3-4 cm layer of
dark coloured detritus. Submerged moss-covered logs are commoni.

The littoral zone intthe lake is of variable widﬁh. Substrates include organic coze,
fine sand. sand-gfavel combinations (often firmly compac‘t;d), cobbles with and without
sand, and large rocks. E)_(cept for the area at the inlet mouth, vegetation is’ generally
sparse and consists primarily of an aquatic liverwort and Lilaeopsis occidentalis,
Eleacharis spp., Juncus spp., with Nubhar /uteum in protected bays.

Temperatures in the littoral zone taken at a depth of 1 m range from 12.5 - 18°C
between mid- May and early August The average differences between these and inlet
temper atures during that period were 4. 1°C (1981) and 4.3 °C (1982).

Water colour in the lake is a deep brown but is lighter than that of the iniet and
~ansaquently light penetrates fa}ther

Table | summarizes major differences in the physical and biotic components of
the two habitats. A detailed chemical analysis of water was not made.

The study area was visited from mid~April to mid~October. 1981 and early May
to August 1, 1982.



A Comparison of.Lake a
: Breeding Seaso

Table I

nd Inlet Habitats During the
n (May -August), 1982 . .

Lake

i ihlet

Physical
Temp (°C)
.PH
Water colour
. Transparency -
(Secchi disc-cm)
Bottom

Biotic
Vegetation®

Vertebrates
FPish

Amphibians

Invertebrates
Benthic

Planktonic

Plankton
density
(approx.)

16.98(11.0~19.5)

4.71(4.55-4.85)

medium tea colour

133.07(117.5-142.0)
A

fine sand, hara-
packed sand/gravel

Juncus sp.,
Unidentified,.
filamentous alga,
Scapania sp.,
Lilaeopsis occi-
dentalis,
Eleagcharis 8pP.,
lbphgr luteum,
Sphagnus spp.

Gasterosteus acu-
leatus, '

Salmo clarki,

Salvelinus malma,

Oncorhynchus
kisutch

Bufo boreas,
Hyla versicolor

Chironomidae,
“larvae of Trichop-
tera,
Lumbriculidae,
nymphs of ‘Odonata

Cladocera (Bog-
minidae,Chydori—
dae),

Copepodn.(cyclop-),

Hydracarina

3900/m*

10.95(5.17-15.3)
5.66(4.45-6.65)
dark tea colour
60.5(40.5-80.5)

coarse l#ﬁd, ooze
along banks and in
backwater

Sphagnum spp. .,
Juncus sp.,
Unidentified,
"filamentous alga,

.

G.aculeatus, -
O.kisutch,
S.malma,
S.clarki

B.boreas,
H.versicolor

Gammaridae,
Chironomidae,
Mollusca
(Pisidium)
LumbriculidaeL .
nymphs of Odonata
(Aeshnidae, Libel-
lulidae, and
ZygoptbranL
larvae of Trichop-
‘tera and other
Diptera

‘|Rotifers,

Chironomidae,
Cladocera (Chy-
doridae, Bos-
minidae),
Copepoda (poly-
phemus, Cyclops),
copepod nauplij,
Chaobdorus

54/m?

Notes: -Physical characteristics
with range in brackets.

~Ploral and fauna
abundance within

~Area of the lake considered is

inlet mouth a

shore.

nd extending for 1

are average conditions

1 compopition listed in order of
each category. )

that bordering the
25 m. along lake-



Ul THE POPULATION ' ,

A. METHODS

Kncéwledge of the distribution, size, and amount of movement of the groups
involved is critical in a study of isolating mechanisms to indicate the degree of physical
segregation befween the morphs. A long term study of the lake population by Dr. TE
'Retmchen is in progress therefore, the focus of this work was on the inlet form.
Distribution

Baited minnow traps were set inA’groups of tén in successive 250 m sections of
'the(svtream_'and left for periods of 5~ 14 déys (length of time increased with diétance
'upStreém). 'The. inlet was surveyed to a point approximately 4.5 km upstream‘ where it was
un.derground for short stretches and the water depth was less than 5 crﬁ The stream
could not be seen on aer?al photograpHs beyond this point

Traps were set downstream from the waterfalls (Fig 2) to éample a variety of
habitats. Those set above the "f.akl'lé were placed at sites judged to be close to acceptable
stickleback hahjtat based on successfu trap sites downstream. Successful trabs'(those
which caught sticklebacks) were left in place for the remainder of the 1981 season. =
Additional traps were set on t:\e other side of the stream and‘all weré involved in more
detailed aspects of this study. ' .

To deternﬁine distribution of stickleb\acks relative to thé width of the stream, five
traps were sus;pended from a rope stretched acx:oss the stream. The traps, numbered 1
to 5, were arranged at each. setting so that traps 1 and 5 were within 1 m of the banks
and at the surface, trap 3 was mndstream and 50 75 cm: from the surface and traps 2
and 4 were in intermediate positions and 75- 100 cm'below the surface Occasionally, .
traps 2,3, and 4 rested on the bottom. The rope was moved 10 m upstream until the
bend at FF2 (Fig.2) was reached. Submérged logs and the progressive narrowing of the
stream made it impractical to co.ntinu_e upstream and the rope was returned to the mouth
10 m at a time. Thirty=six trap sets werse made. K

Size

i

tassumed that the sticklebacks found from the mouth to the first waterfall in the -

inlet ( 450 m upstream) comprised one panmictic pqpulatiqh and the estimate of



" the second..

. , »
population size was based on this assumption.

‘:ln'May, 1881 adult fish~(entering their third summier) were caught in traps placed

in the vnhablted portion of the unlet Approxlmately 2 mm was clipped from the tip of the

vftrst dorsal spine. ThIS method was chosén for its simplicity, especxally under adverse

conditions, and for its apparent lack of effect on the heaith of the fish as shown by the

survnval and unlmpaured swummlng of clipped flsh held in an’ aquarlum Recaptured fish % 3 s

’

were clipped on the second dorsal spnne The few double recaptures were clipped on the. ™

‘ upper Iobe of the caudal fm

A second attempt to estimate the size of a single age class was made in

September, . 1981 ‘wheh a. brief increase in numbers of figh in the traps (Fig.3) and an
earlier marking study indicated that there was considerable movement of fish in the N

stream ‘thus validating one of the assumptlons of capture—~recapture model& Small
é

squares of orange elastic band were placed on the second dorsal spine of suﬁadult fish

tin their second autumn). As noted below, however this is not an ideat marklng technlque
The weighted mean variation of the Peterson index described by Begon (1979)

lalso referred to as the Schnabel method in Smith (1968)) was used to calculate both the

summer and fall estimates. This model has the same assumptions as the Peterson index

but it accumulatec data over several days, an advantage when anly a small number of

Captures per day are possible.

’

Movement
The study of movement of adult fish within the stream was carried Sut in May and
July. 1981 Fish were marked with 2 mm pieces of light-coloured elastic band sllpped

over one of the dorsal spines. Those caught marked. and released on Qne ,side of the

stream were banded on the first dorsal figh caught on the other side were banded on

o
Yy

Bands were cut..in'.four- shapes ("1 A ). each representing a naturally :

delimited sectuon of the stream Within each section, site specificity was- lndlcated by a

variety of waterproof ik marks on the band. For exampie, rectangular bands were used

for the "E” traps in the non-forested lower section These were marked MEN/SIfor sites

‘E.E' and E2 respectlvely. Thus, when' fish were recaptured. a minimum estimate of the

distance travelled from their point nf 1elease could be made. Twenty- nine fish were
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o ‘, banded on May 18 and recaptures were made from lVl_ay:2'4 to June 25. On July 12 and
5 an additional 19 fish were banded _v;/,lth recaptures made from July 15 to August 5.
Bands were removed on first recapture. All fish were of the same age class and the
banding and recapture periods were within the breeding season. | assumed movement
-patterns were the same throughout that period and the data were pooled
.+  -The bandlng technique led to the softening and ultimate loss of 'the affected spine.
Accompanying this there was ofteh tissue damage to the musculature surrounding the

dorsal plate at the base of the splne Healing of this area was observed in many fish after

the band and splne were removed In addition to causmg injury, the llght coloured bands

s

were visible in trhe_darlg water and may nave_ »|n_creased the liklihood of predation. These
sources of mortallty should not have influenc’edthe ‘movemen't'of the fish except that
'perhaps fewer recaptures could be expected.

‘ In August, 1981, a second mark —recapture-program was completed to evaluate
the amount and range of movement of individuals in the subadult age class. In late June,
members of thos cohort were large enough to be trapped (28-30 mm S.L). By August,
with a standard length of 35-40 mm, they made up the largest age class in the traps
7'Fxfty four fish were marked on- August 1,59, and 12 and recaptures were made from
August 8 to October 7. Flsh were marked with different patterns of dorsal spine and
caudal fin clips, a dlfferent comblnatlon for each site or ad)acent pair of sites. Regrowth
'of cllpped tissue was not fast enough to interfere with mark recognition. Until September
1. recaptured fish (as well as unmarked fish) were removed from the population for
morphological‘ analysis. Marked flsh'captured from September 5 to October 7 were -
released and npne were recapturgd. '

+ . From July 16 to SeptemB’ér'l four traps' were set across the stream mouth.
. approximately 1 m apart in 05m of water,to monitor movement of fish in that area.
Also, beginning. July 9, traps were set along the east shore of the lake for about 100 m
" from the inlet mouth. This area was checked becayse the steep banl< le an 'extensnon pf L

the stream bank and | thought it was the most likely route™to"be followed by intet fish - -~ -

D P A ~

leaving the stréam, L “TTIIU DT oy oo LT

- A [

The presence 'of mlet flsh in the lake beyond the stream mouth was detected in a

" transect of 13’ traps set at varidus depths from the’ shore to a pomt about 300 m out ih
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the bay near the mouth. This transect is set on a continuing basis for a two day period
. every six weeks from March to October by T.E. Reimchen ’ '

Individuals of the lake morph were noted when caught in inlet traps. Special
attention was given to adults in breeding’ condition.

Movement of lake fish within the lake was not considered.

Feeding Habits ) |

The determination of selective feeding by animals requires information on the
ratio of food items being consumed and the sgtic of the same group of food items in the
habitat ofv the animal (lviev. 1961). Stomach contents analysis was used to identify what
was being ingested. Two groups of inlet fish were used. One sampie of 42.fish
representing both sexes, two age classes, én_d taken from the length of the inhabited.
portion of the streaml was orawn from fish collected for morphological analysis. Fish in
this ,group had been in traps for up' to 3 days when collected The second group
comprised 7 fish collected incidentally in the summer of 19.81 when dipnetting for
invertebrates, and 49 fish seined from the inlet in July, 1981. All inlet fish were placed in
10% formalin within 1 hour of their removal from the stream.

Stomach contents ofi 29 lake fish were also examineo. These fish had been in
bottom traps for up to 2 days before being collected and were then held for about 6
hours before being placed in formalin. e o ‘_.

The procedure for content analysis Was the same for all groups. The .s}tomach
was removed, opened and 'fIUsh“ed“t'horoughly with water to empty itLVUn'der -a'd.i'ssectin'g o
microscope food items were separéted and identified to order and family when possible."
Counts of all items were made except when numerous Cladocera were present in which

case their number was estnmated

ln a thorough comparatlve lnvestlgatromqf methods used 0 studying foods of

]

fishes, Hynes (1950) found that all methods (pomts occurrence dommance etc) are ” '

hkeiy to glve substantlally the same result". | used the occurrence method in.this study -

: because of its slmpllcfty "By ‘this. method, the number of stomachs in whlch a food type
) ‘occwred is expressed as a percentage of the total number of stomachs examined (Hynes

19501 -



The food habits of salmonids in the stream were examined in fish collected
mostly by gill nets and traps. Gill nets 6f~various mesh sizes (2.5 cm, 5.0 cm. 10.0 cm),
were set periodically in the inlet just above the bridge and checked every four to six
hours. Stomachs were opened within 30 minutes of removing the fish from the nets. and
food types recorded Numbers of each food item were not counted. der young coho ‘
were also collected during the seining for sticklebacks.

For one week in July. 19'81, salmonids were collected daily from traps set
between the two waterfalls where sticklebacks are not found By leaving the fish in the

“trap for at mést one day | hoped,to minimize the problem of the stomach contents
reflecting only what had been eaten since the fish entered the trap.

Only rough estimates of planktonic and benthic invertebrate densities were
sought. It was difficult to collect perfectly comparable samples of benthic organisms as
the lake and stream plant communities and substrates are different | sampled those
elements of the two habitats which | expected might shelter high densities of
invertebrates on the grounds that these would probably be sources used by the fish. The
Sphagnum banks and the substrate wére sampied in the inlet Samples of substrate were
coliected from the littoral zone of the lake

Two litre sample‘s of Sphagnum were taken from a large mass wEich had been
quickly rolled up onto the stream bank Invertebrates were counted on sight. This
technique probably greatly under estimates species that are difficult to see because of
small size or cryptic colouring (e g chironomid larvae). Samples of substrate in the stream
were collected witr.\' a dip net (for coarse sand) and an Eckman dredge (for ooze)
Subsamples of 20 mi were run through a ser:es of seives (Canada Standard Seive Series
#20. #40 #200) to isotate emé“ specimens The remainder of the sample was screened
by a larger mash(2 mm ) for larger organnsms

In the lake. 400 ml samples of sand and, poze were scooped in a jar during

transect surveys These were analyzed in the manner descrlbed for mlet substrate

et -

samples e . ce SR .
fMost densmeg were caiculated as mean number per litre of substrate or
Sphagnum Trnchopteran and odonate larval densities were estimated per metre squa »

bacause in the lake they are primarily bottom sirface - dwaellere and thiie ~eemupy in
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o

effect a 'two dimené.ional épaée. .
Plankton tows were made in both habitats on three successive days in July, 1982
A net with mouth diameter of 26.3 cm sampled 1‘(.;) m of water in each horizontal tow
Three tows were made in the lake near a nesting area of lake sticklebacks (depth 1 m)
Tows in the inlet were just upstream from the bridge and in the area of FF 1-FF2 {(Fig.2)
Zooplanktersb (other than rotifers) were identified to family or genus under a dissecting

miCroscope. Total counts were made of inlet sampies Lake coliections were first

scanned for species composition and then subsampled for counting

B. RESULTS
_Distribution s

No stickiebacks were Caught above the lower of two small waterfalls (Fig.2) in the
series of trap settings between May 3 and July 16, 1981 From July .16 to October 16
1881 and throughout the.summer of 1982 one or two traps were set above the falls
and again no sticklebacks were foEmd, '

Below.the falls. population numbers peak at between 1895 and 220 m upstréam
from the mouth‘(Fig 4). Numbers of males and females differ ( 7X.*=1 5.63. P <L 001)
above and below this section More females were caught downstream (1‘71 to 89 males)
and more males upstream (118 to 107 females) (Fig.5) More subadult fish were foing
downstream of the peak area than upstream (208 to 308, X" =14 16,P < 001)

Traps were seét in a variety of habitats in the inhabited section of the stream Few
fish were caught at sites with a swift current or where thé water depth fluctuated widely
in a short period of time Table Il shows the effect of adjacent patches of emergent
Sphagnum and the presence of an overhanging stream bank on the mean number of fish
per trap setting Even in the broadest sections of the stream. however, the effects of
these variables will vary with changing water depth

Numbers of fish caught in the five traps suspended across the stream peaked in
July and declined in thé earlv fall Mean numbers of fish per trapsetting in eaéh month
were June - 150 uly 522 August- 3 14, September~2.22 October-1.60 The traps
were meved between successive settings so the above differences may reflect a

raaennal ~r epatial pattern or a combination of the two Fewer are found midstraam than
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closer to the banks (Fig.6) in fhé six month period
Size . ’ .
Table lll gives estimates of populatnon size for each of the two age classes whnch

’ could potentially be caught in minnow _traps. The wenghted mean method of making such

estlmates makes several assumptions wh»ch are also implicit in the Peterson index (Begon
1879 One of these that marking does not affect probablhty of survival, may have been
<.vnolated in estlmatmg the subadult cohort size. If, as described earlier, the banding
technique does_lower-the probability of survnv_al there would be fewer marked fish than
--expected in the area (smaller n Table i, and the population size would be
overestrmated However as estimated, the size of thas age class is not s»gmfncantly
greater than the estimate for the adult cohort {Table Ill) and it seems unhkely that there

- S, e e

- could be fewer subadults than. adults if overwinter mortahty is con5|dered
Another assumptlon that all rndlwduals have the:vsame chen::e o~f belng caught
may not have been met in the »e_s‘nr_net’e of adult populatson size. The eetnmate was based
“on "deta ctllected during the'breeding‘. 's‘easer{rof a_epeciee well-known for its territorial "
| males and it is possible that not all fish were equally Ilkely to be caught. If traps were
placed~ within territories those males would have been more susceptlble to capture and
recapture than other males and most females If th:s assumption IS vnolated the result i1s
an underestimate of the true popularron size (Begon 1979). The size of the adult cohort
given in ‘gabie ' may be an underestimate. but again if overwinter mortality is considered
it is unlikely that the adult cohort would be larger in number than thé subaduit group. It is
possible that there was a marked difference in year- -class strength of the two cohorts
| These estimates: yield- dens:’ues of O 24 adults and 0.25 subadults per lmear metre
of stream bank (about 300 m including both’ s»des) or about one adul} fush for every 4 m
of stream bank. This is close to that considered average for other s‘uckleback
populations (TE Reimchen, pers comm,) suggesting that the size estimates are
reasonable
Movement
Differences in amount of movement between the two time periods (Table V) are
explained by the increased number of ‘movers” in the fali (80% of recaptures) combared

to those in the early summer (40% of recaptures) rather than by fish moving greater

3



Total Number Fish in Trap

20

A

- 0—0 June
e b July
304 o - O—0. August :
- . &—@ Beptember - .. ..

264 -\ T - "&——a October o

- -

Trap Numbér

Trap Position

ypical Cross Section
of Inlet with
Sphagnum Banks

EI

- T 1

" Figure 6. Number of. fish-caught per month across stream

width (1981). Traps 1, 2, 3, 4 were.set 36
times, . trap 5 was set 33 times.
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distances later in the year. Other indications of Increased movement at that time are in the

increased mean number of fish per trap in 1881 (Fig.3) and the more than ten-fold
f{ \

‘uncrease frorn summer to fall in the percentage of fnsh crossnng the stream between
" successwe captures (3.3% in May July, 36 7% in August September) Also, oply 13.3% of

fish r’ecaptured 1n early summer were recovered upstream of their point of release (mean

distance moved upstream = 42.0 m) In the early fall, 50% were recaptured upstream at

" distances of up to 210 m from the;r release point (mean dnstance moved upstream =

741 m) Downstream movement in the ma;orut‘ of the flrst group could be attrlbuted to

passive drn‘tlng but upstream movement always requires an expend:ture of energy by

the fish and isa'more valid indicator of -activity: ST

Hngher numbers of intet flsh were also seen in the lakeshore traps in early fall
198 1} and there was an increase in the distance traveiled along the lakeshore from the
inlet mouth (Table V)

%'he four traps set across't/ne_stream just beyo_nd the mouth yielded eight intet
fish and four lake fish in the six weeks they were set (July 19-Septembaer 1,198 1} This
ts equivalent to 0.18 fish per trapsetting A corresponding value for the traps set along

the bank in the same area (within 15 m of the moisth) at the same time (July~August) was

..Q.25.fish-per trapsetting . ..., .. . - T

The appearance of iniet fish elsewhére in the lake is 3 rare event ang they have

been found only in the bay into which the stream flows. Three males, in breeding

coloratvon were caught in May 1981 at-gdépths, of 2 and 35 m approxifmately 200 m from/\

.the mouth Tnat only three mlet ftsh have been taken in over 150 trap settings lyielding -

approxrmately 750 stlcklebacks) in over two years (TE. Relmchen pers. comm.) attests to
their restract:on,to the stream e -

Numbers of the lake morph in breeding condition caught in the inlet were

approximately the same in the two years (Table VI). In 1981, all were trapped in the area

known as the "Elbow’ (Fig.2), a region characterized by its relative shallowness { 30 cm).

warmth and lack of current Two of these fish werg males In 1982 only one adutt. a
male, was caught in the "Elbow’, three were trapped at the mouth (site L7, Fig 2), two at

E. 70 m upstream, and one at site |, about 300 m upstrearn
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The differénce in"the numbers of subadults of the lake morph caught in the inlet
in the two years (Table Vl) 1s striking. These are fistrik the 35-65 mm length class with
‘the majority (87%) less than.50 mm. In 1881 none of the 9 was caught above the bridge
{Fig.2). However, in 1982 47 subadults (36%) were caught upstream from the bridge and
several of these were taken more than 250 m upstream. Though not of the same
nmportance now in the questnon of reproductlve isolation as the adults, the iMvasion of
the inlet by such high numbers may be significant in one year's time when this cohort
reaches reproductive age {assuming thay remain in the inlet)

Feeding Habits ,
Figure 7 compares the frequenay of occwrence of several classes of food\r\ems
found in the stomachs of the trapped inlets, the sained (or dip-netted) inlets, and the

tr apped Iake fish

The same food types (Diptera (chtronom»d larvae) ahd cladOCerans) dominate the
two inlet groups Differences in absolute frequency between tr apped and seined fish -
may be the result of digestinn as every identifiable food type was found more often in
the seined group than in those from traps A higﬁer frequ;ency of unidentified Material in
stomachs of the trapped inlet f1sh may alen he an outcome of digestion

Over 40% of the stomachs ~f *hn 11 ¢ fuch examined were empty (Fig.7c). ‘
Cladocerans dominate the diet occurrim v © ira ag many stomachs as the next most
freQUent food. item, chtronomid Iggvae .

Composition of dists of salmanide ncourring svmpatrncally with sticklebacks is
shown in F»gure 8 A single different fond type is prominent in diets of each of the three
fish Juvenile coho (Oncor by nepus kisutch) rely most heavily on Hymenoptera of
terrestrial hrigin. Flying ants were commnr in the vegetatlon border ing ﬂ\e mlet and were
frpqnonﬂ\/ nbggrved on the surface of the watar Chironomid larvse angd Pupae made up
Yhe second largest identified group but these were found i fewar than half as many
stomachs as the ants. More than half the stomache of Oolly Varden char (Sa/veljnus
mal ma) weule empty when examined However all nthar stomachs of this fish contained
trichopteran larvae. often with their cases intact Fich dominate the diet of cutthroat trout
{Sa/mo clarki). Young salmonids {probably cohe) occurred in 7 stomachs while two

stickliebacks were found in one stomach A tendency for cutthroat to consume relatively

/’

+
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_large prey items {odonate nymphs, fish, toads) is apparent in Fig.8 but all stomachs
: “e-‘kamihéd weré from“fish larger than all other saimonids caught. “
. The rations in coha and Dolly Varden found sympatrically with sticklebacks_(Fig.8).
canbe compared wnth those of fish caught above the waterfalls where stlckleback are
‘ not found (an 8. Coho in this upstream region continue to take Hymenoptera but more
stomachs contamed chironomid larvae than flying ants. Trichopteran larvae were found in
half the Dolly Varden stomachs above the fails {though only 4 were examined)vbut ]
amphipods occurred with equal. frequency. Chironomid larvae were found in char above
the falls though not In those caught downstream |
« . - Table Vi gives.estimated den-si_-t.ies of thase groups of invertehrates. collected.
during the sampling period. It 1s not an exhaustive hist For example, trichopteran larvae
and adults of the family Dytiscidae (Coleoptera) were frequently found in the traps. and
are thought to be common In the stream, yet neither appears in the inlet lnst Hynes (1850) .
combmed a numerical sampling technique with a full year's collecting to derwe a list of
about 30 organisms or groups. The two methods were used.to overcome the difficulties
inherent in short term sampling of- these populataons

Chironomid densities are likely underestlmated particularly in the inlet where they
were difficuit to see in the Sphagnum. The Aeshﬂa density in the lake is probably lower
. Jhan.estimated. as 1 5/m*is based on one. sighting durmg the sampling pernod No Aeshna
>wev e saen in other snorkelling actovntnes (although they do frequent the shorelines).

A greater variety of planktoni¢ organisms was found in the inlet samples than in
those from the lake. but overall density of zooplankton in the lake is much greater
Organismis’ collected in the ihlet tows (with % frequency) inciuded chironomid larvae
(50%), cladocerans (24%), the copepod Poly phemus (16%). copepod nauplii iS%). and
Cyclops, Chaoborus, and terrestrial invertebrates all at 1% Lake tows yielded the
" cladoceran Bosmina (58.4%), Cyclops (22%), other cladocerans (16%), water mites (2%),
and chironomid larvae (1.5%) Rotifer densities were not estimated. When total
zooplankton densities were estimated (excluding rotifers), yalues of approximately

55/rh3. for the inlet and 3900/m * for the lake were obtained,
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C. DISCUSSION ' ' SR

Factors which may be responsiblefor llmmng inlet frsh to- the intet and: for theur
- distribution within the stream are dtscussed below Preferences for sorme o? ‘these iwater
type. curre.nt, and _vegetatnon) were tested exp_erlmentally and are considered in _
subsequent Chapter‘s '

Stlcklebacks occurring in the inlet stream of Drizzle lLake are fbund close to
straam banks in areas of reduced current with ad;acent patches of emergent Spbagnum

. The presence of an overhangmg bank does not affect numbers of sticklebacks nearby.

- - The value-of an overhang for cover«»may be» outwelghed by the SWlfter currem present

a
~ - <
N W 8ra o - .
o T “ 40 .o L - A

whlch is responsible for the existence of theAundercut bank Adult flSh are not found
within the Sphagnum beds. but appear to occur where the stream bottom meets the egdge
of the moss. Occas:onally subadult fish were coliected by a dip net or seine pulled
through the moss but these could have beenon the outside edge when f‘irs't"'cabgh't- The -
age composition of the exceptionally hngh number of flsh caught in trap # in July 1981

supports this Twenty~five of thirty flsh were caught in a ten- day period when the# 1

trap was moved along the upper edge of a smgle Sphaqnum bank Nmeteen of these fish

e Lav

were subadulrs the remainder were females
.Cphagm/m is not continuous along the length of the stream which was surveyed

with the suspended rraps Thus, the stream bank traps (#1 and #5) were often free of

i, -

. surroundmg vegetation Lewev lnumbers of fish’ (except #'l in Julyl in these two traps
relatlve to traps #2 and #4 therefore, reflects both the absence of fish in the moss and
the avo:dance of the upper 15-20 cm of the water column near the bank {or the
avondance of more vusuble traps) Other smgle traps suspended from the br-dge or from.
logs and not restmg on the bottom were s:m:larly less suécessful

The midstream trap of the five was ofteh resting-on the bottom because of the
varying topography of the stream bad Faster current and maximum dlstance fmm cover
may mak_e thls the least suitable region_of the stream width for these fish,

Absence of areas of reduced current and Sphagnum in the stréam above the
small water fall at N1 (Fig.2) may account for the restriction of sticklebacks to the iower
reaches When water |evels are high these falls -are replaced by a short stretch of very

fast water Thie acewre i early fall and coincides with the greatest upstream movement
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'of the Strcklebaeks Jf they can overcome these barrners and thrs is conssdered qurte
~fikely 1JS. Nelson, pers. commr one wou}d expect to find’ thém Upstream Specrfrc
 reasons for theur absence cannot be grven however the habrtat may be unsuitable for a_
. permanent population. Thrs upstream regron of the falls rs typrcally narrow (O 5 2 O m)
with deeply undercut banks on both sides. an rndrcatlon of the scourlng effect of the
stream at high water levels Riffles are also present. Areas of slow water with
submerged vegetatron tike those frequented by sticklebacks downstream are rare. If
such areas are necessary for feedlng or as nest sites then the fish could be excluded
from.this area Hagen (1967) found that a similar stream form always built nests’ in areas

.

of no dekt‘ectable current. A strong preference for nestrng in vegetated habitat (60/64
fish testedi vvas“reporteﬂdmby* Kn«;nard (1879) for Take“ah‘dﬁ ‘s_tr"ea'mf'-dv“\“/e:flliiﬁg stitklebacks "~ - o
Appropriate nesting habitat above the falls in the Drizzie Lake inlet is found.in isolated
areas and lasts for unpredictable periods of time Sticklebacks nesting of attempting to

- nest would not hkely succeed Thus a strong selectnon pre55ure nest success may be
actlng to confine these fish to the lower more stable, 450 m. Unfortunately no rnlet
stickieback nests were found in the course of the present study to corroborate earlier
fincings. . o . o .

ARernative hypotheses for the [ir'nite'd upstrear_n distribution of stncklebacks
include competition or predation from young \cohovsalmon (Oncor hy nehus kisutch) aLnd
Dolly Varden char (Sa/velinus ma/ ma)

Downstream the diets of the three flsh specres do not overlap to a great extent
Stnckleback feed principally on chnronomrd larvae and zooplankton Dolly Varden prey
most heavrly on trlchopteran Iarvae and yvoung coho take adult flying ants. Above the falls‘,
the two salmonids' food intake is modified somewhat. Coho feed on chironomid larvae as

well as flying ants and the char include amphipods in their diet Both of these are primarily
.benthrc organisms and may have been taken while the fish were in the trap. If they were
not, however, competition for food above the falls may restrict sticklebacks to the lower
reaches. Plankton tows were not made in the upstream area but it is unlikely that
c.lado'cerans Wwould oceur in the swift flowing water (Reid and Wood 1976) Thus,

sticklebacks would be forced to rely more heavily on chironomids and face competition

from the larger and perhap,s more abundant coho parr.
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A dnfferent set of lll’nltlng factore 1S apparentLy in effect at the mouth of: the
--stream. Of all variables,.water depth ( ar)/d its consequences temper‘ature Irght penetrat:on
and vegetatron) undergoes the mast rapld-tchange, Inlet fish appear to favour a deep and,
lake (greater than 1.5 m) are reached about 250 m from the mouth. Inlet fish are more
likely to be found close to the banked shore of the Iake than offshore m that area, but
not beyond a point approximately 30 m from the mouth. This suggests that factors other
than depth alone may act to limit movement into the lake. Intolerable but unknown
differences in water chemistry may be present. In a series of r:easurerrtents (July 10.
'1982) the pH ranged from 4.75 in the lake about 100 m frem the inlet, through 4.9 at 50
-m-51at30m,595 at 15 m, 635 at 75 m, to an average pH in the stream of 65 These |
readmgs were taken near the end of a seven-week period with no major rainfall (i.6,,
enough to saturate the bog and raise the stream Ievel) Four days Iater July 14 after two
days of very heavy rain, the average inlet pH had fallen to 4.6. Lake pH values remained in
the 4.5-4.6 range throughout»the summer, almost within the range experienced by the
inlet fish Hynes (1870) states that most species of fish'have a wide tolerance to pH It is
unlikely that pernoduc differences in pH confine the inlet fish to the stream -

Higher predatlon on inlet stlcklebacks than on other fish in the lake could also
result in the restructnon of this group to the stream. Cutthroat trout (Sa/mo c¢/ar ki) and
avian predators (partlcularly Gawa immer, Gavia stellata, Podiceps grisegene. and

Podiceps auritus) are present in greater numbers in the lake than in the inlet and all are

known to prey on Sfle|ebaCk< (Cart et al 1977 Renmchen and Douglas 1
.1880) Lacking the strong countershadmg and longer spines characteristie f lake fish,
the inlet fish may be more vuinerable to predation in the lake

Inlet fush partncularly subadults (which made up the majority of the seined SBMple)
mclude a high proportion of zooplankton in their diet If the plankton density in the lake is
not limiting subadult inlet fish entering the iake would not be in competition with lake
sticklebacks Adult inlets rely more heavily on chironomid larvae which occur in both the
sediments and Sphagnum in the stream They are however, five to aight times more
abundant in the lake sediments. it appears that this food source too yvoul}d not he limiting

However accessibility of the prey item must be considered (tviev 196 1) Inlet



. stlcklebacks may prey on ch:ronomnds in the Sphagnum in thestream _rather than on

thOSe from the sediments. Or, they could be taken from the. water column Chcronomlo‘.

larvae were rare in the lake plankton and those living below the 'sur face may not be

i we. P

i avadable to the stuckiebacks (lake or injet) The questlon of dlfferennal food utilization by -
| these two groups of fush requires further nvestigation and a large sample of fish seined
from each habitat for the stomach contents analysis.

Within the stream. more females are found in the downstream section which is
broader. siower, and unshaded In a lake population on the Queen Charlotte islands,
Reimchen (1880) found an excess of females occupying open water during the
reproductive season Schooling of ferhales between spawnings in areas away from the
Iittoral nesting sites ts well known (Wootoh 1976); The lower reaches of the'st'ream

offers the closest approxnmatlon toa limnetic habutat of any section The greater number

of females inhabiting this region 5uggests that a snmular association to that seen in Iakes
may exist in this stream

The reductnon in movement of the adult cohort in the reproductive season is not
unusual in g terrrtorlal spedies Although no nests were found in the injet,*the region
where nest density should be highest can ba inferied from the location of the highest
percentage of breeding males Of 53 males displaying breeding coloration, 3| (58.6%)
were takan betwean sites F and_GGI (Fig 2). a section 70 to 210 m upstream from the
mouth | ake males nests closest .to the inlet were approximately 50 m from the mouth.
Thus, a minimum distance of 120 m sepahates the closest males of the two morphs
during the reproductive seasen This is within the aruising range of both as indicated hy .
the few adult lake fish caught more than 100 m upstrearh and those adult iniet maijes
trapped 200 m offshore in the lake However. these appear to be isolated cases and thair
frapping locations are not indicative of the range limits of the two groups

Movement of juvenile inlet fish in the fall suggests that a dispersal phase may be
part of the life history of this group If site~ specnflc homing does not occur prior to the
onset of their first reproductive cycle. this dispersal may act to reduce inbreeding among
offspring of the same male Inbreeding can resutt in a decling in viability or fecundity and
does reduce the level of heter ozygosity in a population (Futuyma 19791 A higher

proportion of deleterinus alieles would be expnsed to selection as the frequency of



horrfozygcms {oci’ lncreased Iowermg the fitness of the mdnv:duals lnvolved ngher levels .
of | homozygos:ty render the populatlon less- flexlble m deahng vyuth envcronmehtal change.
- The lnlet s a habitat of w»dely fluctuatmg var;ables over both short and Iong term

Seiection may act to maxlmxze heterozygosny by favourmg a dlspersal tralt in Juvemles

S



IV. MORPHOLOGY

A. METHODS : : .

L.ake and lr;let sticklebacks ‘can be distinguished by a number of morpholagical
characters Standard length, gill raker number. vertebral number, relative body depth. and
relative leﬁgth of pelvnc spines have been used by Moodie (1972a and b) to separate
forms similar to these The same characters were used in this étudy Colour and colour

| :
pattern aiso distinguish the two forms but were not quantified In another lake on the
Char lottes with lake and stream forms. Moodie (1970) recognized that other differences
in P oportions, especially in the head region exist | observed similar differences in the
Drizzle Lake sticklebacks Head length. snout length. snout to first dorsal spine. snout to
secand dorsat spine. eye diameter cheek height width of gape. and length of upper jaw
were measured Head measuraments (other than head length) are expressed as a
proportion of the head length for COMparisons between morphs and hatweaern age
rlasses Haad Iehgth IS expressed 7S a proportfion of standard length.

Qalnplgs of inlet fish for the gener 3l morpholloglcal analyeis were collected over
two week periode in June, July and August 1981 during regular trap checks Fish were
preserved m 10% formalin Measur ements of standard length and the head charartar s
followed Hubbs and Lagler (1964) Body depth and spine langths were measur ed as
indicated in Moadie (1972a All dersal and anal fin 3y elements were counted. including
the last two rays in mach fin which do not divide close to the hase Snout tn first and
second dorsal spine measurements were made from the anterior end of the upper lip to
the point of articulation hetween the spine and dorsal plate Dial calipers calibrated tn 0% .
mm wer e ysed for all measuramantas A sample of 42 injet figh representing both sexes
three collection periods and the length of the inlet was drawn from the general sample
Thase fish were stained with alizarin rad and cleared using the method of Taylor (1967)
to facilitate counting the gill 1akers and ve- tebr ae Gill rakers on the anterior arch or bath
sides were countand The hyrunal pMhta oA e centrum ware rounted as ane in the
vartahr al r‘;wunt

Maorphemntric data ~n thie fal e rnee Pph far the gene: al marrhelagical comparien

were provided by TF Rairvreharn
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A sample of 100 adult lake fish and 29 juvenile lake fish from the 1981
collectnon of TE Reimchen we?’e used in the comparison of head morphology The
remaining 40 juvenile Iake f:$Jh welre coliected by myself in July. 1982

Ratios to standard ldngth or head length (determined arlthmencally) and merlst:c
characters were used in most comparisons Two methods were used to compare means
of head measurement rat»gs Pairwise t-tests compared means of lake and inlet adults.
fake and inlet juveniles lak;e adults and juveniles inlet adults and Juw;:mées and inlet adults
and lake juveniles Slmnlamy coeffucnents based on the Manhattan distance formula of
Sreath and Sokal (1973 p 125) were calculated The latter methnd permitted a ranking of
pairs on the bas'e of similarity. * ’

Pairwise t~tests were used in preference to 2 muttisample testing procedire leg
ANOCVA) because It was the difference between only two samples (ie. two morphs or
fwe age classes or one of each) that was of interest Apbrox&nate t-tests {t') were used

when variances of the two samples were significantly different (Snedecor and Cochrane

1980) This approwmatuon allow< fpwer deqraee of freedHm for a gwen t value

Tharefore the calculated ¢t must be greater thar  ~(ld ba ymropr hla ding tha nmm'
L imiiia fmy Adagrame ~f fraedaom (v ™

B RESULTS
' The mean values for gill raker numbev vertebral numbar dorgal fin ray number
and anal fin ray number are significantly dvffev enf for the twao morphs (P £ Q01 Othm
means (Table VIIh were not compar ed statistically because variance values for the lake
mo' ph were 1ot gvailabie Sample sizes for both morphs for these characters howevar
e large and the dif ferances hetween meane substantfial, so it is Jikely they tor arg
~iqifiegnt i

F;rand.ard length, though net a taxonomic character, is probably the best single
maanes ~f caparating aduits of the twoe groups (Fig 10). fhere is NO overlap between the
maorphs in adult lengths This is afso true for the Mayer Lake sticklebacks (Moodie
19753 b) Fish of the inlet morph ar e shorter, deeper bodied and possass fewer gili

N

rakare dorsal fin ravs and anal fin rays Pelvic spine length reiative to body tength is

chortar than that of the lake morph Tahles IX and X indicate that the inlet fich arg
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proportionately longer in the anterior half of the b_ody. Head Iength, and the two snout to
| sp:ne lengths relative to the length of the fish are longer in the inlet morph than in the
lake rnorph Within the head region, adult mlet fish have larger eyes, shorter snouts, a
deeper cheek area, and a wider interorbital dxstance (F’ <.001 jn all cases) than their lake
counterparts Upper jaw length and width of the gape are smaller relatlve to head length
than those of the iake fish.(P < .05, P < .001 respectively). Agaln there is considerabie
overiap between morphs in all head characters (Fig 1 1).

Adults of the twdymorphs wére compared with ;uvennles to test the hypothesns

. that proportions in the head regipn of the inlet morph are the result of paedomorphosls
the retention of juvenile characters in the adult (Gouid 1977) If Juvemhzatlon in-the inlet
f:sh cantributes to the difference between lake and inlet morphs, and if inlet and lake
' juveniles are alike, then inlet adults will be more simitar to the inlet juvenile and to the lake
vjuv’enile than they are to the lake adult Table X| shows that the two juveniles are the least
-~ different pair {see also Table X for number of characters where means are not
significantly different), and the inlet adults do resemble lake juveniles more than lake
adults. As measured by Manhattan distance, |nlet adults were more similar to lake adults
than to |n|et juveniles which seems to contradrct the other results However Manhattan
dastance calculations use only absolute differences between means and do not consider
the statistical significance. of those dlfferences (e, the amount of variation »about the
mean). As a second method of rankmg pairs which would take this into account I
assigned points on the basrs of P values (Table X). Those characters for which the v
differences were more significant were therefore more heavily wesghted. For P < 001 a
pair received 3 points, for P < 01, 2 points, for P < 05, 1 point, and for nonsignificant
differences O points were assigned Points and rank are given in Table X| Under this
systern, lake and inlet adults are more different than any other'pair and inlet adults are
almost as similar to lake juveniles as they are to inlet juveniles.

Within the inIvet population, beginning in mid—May, three age classes were present
Young-of —the—year were too small to be caught in minnow traps and were not included
in the 1981 samples. The bimodal distribution in the frequencies of standard iengths of
fish collected in June (an 12A) indicates that two age classes of fish were being caught

It is unlikely that the June b:modahty represents two distinct size classes of one age. No
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Figure 11.
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5.D. = standard deviation.
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Fiqure 12, Length-frequency relationship in inlet fish

sampled through the summer, 1981,
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Table Xi

-

Amount dg Difference Between Pairs as Indicated by

Manhattan Distance (M.D.) and Points System

(Points Assignment Described in Text)

48

—éairs are ranked Qost (1) to least (6) different.

Pair M.D. Rank Points Rank
IA-1LA 2.292 . 4 25 1

IA-IJ 2.557 3 iS 5

IA-LJ 2.274 5 18 4

LA-IJ 3.895 ) 1 22 2

LA-LJ 2.824 2 20 3

IJ-LJ 1.771 6 , 8 6

123 _ B, T

Notes: --Abbreviationg as in Table IX. s
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fish lesé than 40 mm in length were caught in breeding condition (nuptial colours in males,
signs of gravidness in females), nor was it apparent that me'mbers_ of this cohort entered
reproductive condition before the end of the spawning season (early August). Fish less
than 40 mm SL were in their second summer Those greater than 40 mm were in ther
third summer Figure 12 (A, B, C) reflects the increasing dominance in trap catches of
second year or subadult figh'

Few charscters of mler fish change significantly along the length of the inigt
‘ Fuguvo 13 indicates a difference in atandard Iength (P < 01 between fish from the
lowest trap gites (C to B) and thege (1 rin farthegt upstream (Madel 1 ANOVA: F=0D 004,
W-2N 1 df=3.297)

Regression analyses of ceveral morphometric and meristic characters with
distance from the lake revealed few significant correlations (Tab‘le Xll} These characters
were selected because fish of both size classes could be included Among males there
are declmes in mean number of anal and right pectoral fin rays with distance upstream
Increases in number of caudal fin rays and in the relative length of the second dorsal
spine are also evident in males (Table Xl Gill raker numbers are the only characters 'm
which a significant correlation with distance is found in females (Fig 14) When all fish are
comhined a slight iRcr-ease in relative body depth and an equally small decrease in relative
length of the left pelvic spine are evident With the excaption of thnge ~f fanale gill

ratar number all rignificant crrrglation, roefficionts gre amalll | 2| )

¢ ™IRrUSSION

Variation Batween Lake and injet Morph

Differances in maristic and mo.rphovv\etric character s between lake and inlet
stream forms in the Drizzle Lakp drainage are not unlike those found for a comparable
pair in Maye” Lava B0 km to the south (Moodie 1972a) In that study and in work on yet
another population of "black " sticklehacks in the Chehalis River in Washington (MePhaijl
1968}, predation was consider ed the majot selective force responsible for the
development of the black form A predator group similar to that of Mayer Lake is _fo&d
in Drizzie, arfd}.it is reasonabie t» assume that the lake form des.m ihad harg gvolvad in

response to similar pressu-es
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Figure 12 (cont'd).
60, &
-~ 5 54
£
E
~ 5 04
F =
L
o
< 45‘ ?
®
-
© 40 1
[ 59
°
= 351
[}
L~
W 30+ .
25 A v % v A} v Y
50 100 150 200 250 300
Sitas CtoE FF GG Htol

Distance from Mouth(m)

Average length of inlet sticklebacks. Samples
from three months combined. Trap sites grouped
and mean distance calculated. Point = mean;
thick vertical line = 1 standard deviation:
thin .vertical line = range. Sample sizes:

C to F = 108; FF = 60; GG = 66; H to I = 67.
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Figure 14. Variation.in.gill rakerﬂnumber in female inlet

sticklebacks with distance upstream. Numbers
on graph represent number of observations at
that peint,
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An explanation for the characterlstlcs of the stream dwelllng sticklebacks is

, perhaps less stranghtforward The mottled brown belge colour pattern would have a

dlsrupt‘lve effect in the heterogeneous stream habitat A greater body depth (iess. terete

B shape) has been reported for other stream populatlons of stlcklebacks {Hagen and

Gllbertson l972 Gross 1979) when compared to lake populations: Thns relatlve dlfference
is perhaps best explalned by selectuon for a more streamlmed form in the lake..
Gill: raker number is related to the size of food items taken by the fish (Hildebrand,

in 'Brooks and Dodson 1965; Lacson 1976 Lagler etal 1977, p: 142) Higher numbers,of

rakers as are found in the lake morph, c?aracteruze plankton feedets Specves which prey -

on Iarger organlsms generally have fewer rakers spaced farther apart Moodie and
Reimchen (19763) and Hagen and Gilbertson (1972) found Jower gull raker numbers in
“gtream populatlons than in lake populations. Slmllar differences have also been noted
between lake and stream-dwelling populations of the ninespine stickleback Pung/t/us
pungitius (Coad and Power 1973 Gross 1979). This relatlonshlp between gill raker '
number and dlfferences in avallabllrty of food types is apparent in this study also
Average plankton densrtles were consnderably hlgher in the Iake (3600 orgamsms/m3 ).
than in the inlet (54 organisms/m? ). Relative o‘ensmes of benthlc rnvertebrates are less |
easuly determlned but there is a greater varrety of such organlsms in the inlet than |n the
lake. ' S
Iy .

The hlgher vertebral number in lake fish, Wthh has also been noted in other lake
populations {Hagen and Gllbertson 1972) may have a genetnc or non— génetlc basis. -
Lindsey (1962) found that within what was consadered one genotype of stlckleback
vertebral number vaned with temperature during the time of egg- development The
relatnonsh:p between the two varlables jended to be'V. or W- -shaped. Differences
between genotypes were visible as shlfts in the apex of the V to a-lower or hlgher
temperature It is possible that the dlfference of one vertebra between the two Drrzzle

Lake morphs may be related to a temperature drfference of about 4°C durmg the rearlng

perlod However the dlrect relatnonshlp seen in thns case (higher vertebral number m :

. warmer water) is the opposite of that observed by Lindsey {1962) for water of-this

temperature (less than 20°C). It may be that an underlying genet_le difference has an

overriding effett on the phenotype, or that in these populations the minimum number of

aQ
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vertebrae would'occur’at 8 lower~temperature (10°C.. for"example) lf there is a strong
genetlc component the hlgher number of vertebrae in lake fish comblned with a fower
mean for body depth may be the outcome of selectnon for Teduced drag (Alexander
11967), an advantage in escapmg from fast: swnmmmg predators Vertebral number may
-also be related to fish size; the lake fish are larger and larger fish tend to have more
vertebrae {Lindsey 1962)

' _ Iniet fish are also characterlzed by smaller and presumably weaker splnes ’
Although onl data for relative pelwc spine lengths are given, a similar sztuat:on (lake vs
’mlet) exists for the two promlnent dorsal spines. Relmchen (1980) in & study of ‘Boulton."
Lake stickiebacks (15 km south of DFIZZ|8 Lake), found a positive correlation. between the
dens:ty of macronnvertebrates partlcularly dragonfly nymphs and the frequency of the

"spineless” phenotype In Drizzle, aeshnld nymphs are more abundant in the inlet than in
the lake The presence of stnckleback vertebrae and otollths in the fecal pellets of
- nymphs dip- netted from the stream conflrmed this source of mortallty on
young-of-the-year flSh in the mlet.,,S,electuon acting on this cohort could favour delayed
emergence of splnes which wouid result in shorter— spined adults Fish with short splnes
in the subadult ‘age class may be at an advantage if long splnes lmprove the gnp of the
" nymph on the fish (Reumchen 1880). in an expernment to test for dlfferences between
morphs in vulnerability to nymph predation, | observed nymphs capturlng young fry { 20

mm) in aquaria. When captured, the fish were held by the lablal palps which pierced the

body. of 11 attacks, 5 ‘were dnrected at the: opercular region, 3 to the body below the *

dorsal’ spines and fin, and 3 to the caudal peduncije. Manlpulataon prlor to ingestién did not
involve the forelegs as was seen when larger fish (30 mm) were captured (Reimchen
1980) The presence of spnnes in small fry did not appear to deter the nymphs

Bell (1974 1976), in studies on plateless sticklebacks in southern Cahfornla and
~Moodie and Relmchen (19764 suggest that the. regressnon of defensive structures
| alsplnes and lateral plates) is rélated to the reductlon of predatuon Inlet stickleback share
the stream wuth juvenile Oncorhynchus k/sutch and Sa/ ve//nus malma which are
abundant and the less numerous Sa/mo c/ark/ Only S. c/ark/ is known to prey on inlet
'stncklebacks Analysus of stomach contents of lO trout yuelded young stlcklebacks in only

» one although none of the stomachs were empty Thus in the summer months and early

R ¢
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fall. predation o‘n sticklebacks by other fishes appears to be light. Hovve'ver in a
populatlon of less than 300 breeding adults, predation by a few trout, or even a single
grebe, could have a slgnlflcam effect In addition, stomachs of two aduit male
sticklebacks which had been dipnetted from the stream were full of young sticklebacks |

‘%L. 20 mm; 7 inone, 11 in the other).‘More information on frequency of cannibalism in
this population is needed.

' Variation in fin ray number has been shown to be at Ieast partly und’er
environmental control (Heuts 1848; Lindsey 1962; Hagen 1967) and to vary with
individual fish size (Llndsey 3962) Fewer dorsal and anal rays:in the iniet morph may be

: explamed by the envnronmental differences between the two habitats (T able )), or- may be.
the result of havmg a smalier fin area to support. ‘
The adaptuve significance of the differences in head morphology may be tied to.
feeding strategies of the two morphs which. in turn, are influenced by food types
~avail::\ble in the two habitats. The stream is a darker environment than the lake- with a very
low dens:ty of planktonic organisms and a diverse macroinvertebrate fauna Inlet fush may
“ have 1o spend more time actlvely searching for food items. For this purpose, Iarger eyes
posmoned closer to the front of the head may improve visual acuity. Baerends, Bennema,
and Vogelsang (1960; cuted in Moodie 1970) demonstrated an increase in wsual acuuty in
“cichlids which was related to an lnerease in diameter of retinal cells. There |s no mention
of a concommltant mcrease in retinal s.urface.area or overall eye s:ze but these are
inferred. A larger eye, as seen in inlet. fish, woul presumably havea. larger retina made
of more celfs or of tells with a larger diameter."L._o‘vver cheiek‘:h‘eight and a broader
interorbital width are likely related to the thre‘e*djnwensional increase in eye size.
The juveniles are not distinguishable wi.th‘respect to eye diameter (Table X). Adults
- of both morphs have dverged from this common background butin the Iake adult the
process has been carried further. Amount of change from the Juvemle stage varies
“ among characters (T ables X and Xl).-Figure 15 mustrates relatwe amounts of divergence
of the.two adults from the ¢ommon Juvenlle for sux characters where Juvemles are
indistinguishable. Irf general, the lake form has dlverged more than the mlet form
Assuming these characters (whnch reflect osteologlcal characters) have a genetic basis, an

-adaptive explanation can be sought for what.may be the retention of Juvemlecharacters
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Figure-15. Geometric representations of divergence of "
: : adults of lake (LA) and inlet” (IA) morph from’
- common juvenile. Only characters where dif-
ference between juveniles not significant are
shown. All figures are drawn to the same scale.

(.01 "ratio units" = 1 mm) except HL/CH .
(.01 "ratio unitsf = 0.5 mm).

' )
J-LA = IJ-LR'; LJ-LA J-IA = 1J-IA + LJ-IA

. R~
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by the inlet form Those in the head region (eye diameter, snout length etc) are involved. in _
one or more aspects of feeding (search, pursuit, capture, inges’tion) If they imorove the
fish's efficiency in one of these areas when dealing with benthic invertebrates in a dark
‘habltat or if they render it a more generallzed feeder, they will be retained and’ spread
through the populatlon. The shifting of characters from an earfjer part of the ontogeny
("paedomorphosis”, Dobzhansky, et al 1977: Balon 1979; "progenesis”, Gould 1877) may'
not require major changes in structural genes {the number of necessary mutations would
‘ probably make: it an uniikely occurrence), but mstead couid follow from a ‘repatterning"
of regulatory genes (Dobzhansky et al 1977)
An alternatlve to the dif ferential retention of jgpenile characters in the two forms
1S the posS|bullty that the inlet form more closely resembles the ancestral form and it is

the lake morph whicH is the more dlvergent ,
. ~

Freshwater populations of Gasterosteus aculeatus are thought to have arlsen
independently from the anadromous fully plated form (Munzing 1963; Bell 1976) In the
Drl,zzle Lake watershed the invasion into fceshwater by ‘this form llkely ‘occurred via two
' rivers and Drizzle Creek, the present outiet stream. In a preliminary comparlson of inlet,
lake and outlet forms, results in Table XHl were obtained (T.E. Relmchen unpublished
data). The inlet and outlet morphs are more alike in seven of nine characters than are lake
and ou'tlet morphs. Outlet fish are also cioser to inlets in colour, being predominantly
brown or beige When compared to the des‘cendants of wh_at may have been the
ancestral form, the arladromous trachurus form, 'the'lakp_morph is. more similar in fin ray
and gill raker number whi(le the inlet is more similar in standard len:gth and relative body
depth {trachurus data in Hagen 1967).

The present dlfferences between lake and- lnlet morph cannot be explavned totally
as the ratention. of the most likely ancestral form by Onemorph and the evolution of the
other. Several #8uthors have emphasized the lmportance of local selectlon partlcularly in
populations in western North Amerlca (Hagen 1967 McPhall 1969 Hagen and McPhall
1870: Hagen and Gilbertson 1972: Moodie 1972b Bell 1976 Moodle and Reimchen
1876a; Reimchen 1880} Selection pressnk from predatory birds, fish, and aquatic
insects, and dlfferlng food ayailabilities may have played significant roles in the evolutlon

of differences between lake and inlet morphs

s
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Variation Within the Iniet Morph

A regression analysis of 'mOrphometric characters with distance from the lake
was made because of the linear nature of the inlet and the absence of a barrier at the
mouth. Two posszble clines were considered but there was no a priori expectation

‘regarding thelr existence. ©

A cline is a gradient in a measurable character (Huxiey 1838. in Endier 1.977).
Endler recognizes six "structural patterns” of geographic variation, one or more of which
may be exhibited by a given species. One bf these, conjunction, describes the lake/ inlet
situation, that is, "..distinct but contiguous‘groups‘of populations (that) are not separated
by hybrid-zones.” (Endler 1977). It was another pattern gradation. that was consndered
possibie along the length of the stream If there was, or had been, successful
interbreeding between lake and iniet morph in their zone of contact (but not enough to
swamp the inlet population), a hlgher frequency of lake or intermediate characternstncs
would be found near the mouth and gradually decrease upstream. The opposite pattern, a
reverse cline. in which fish closest to the zone of contact resemble the lake morph less
than those farther away, (character dlsplacement Brown and Wilson 19586), was the
second possublluty B

Of the few characters in which a significant correlation with distance was found,
female gill raker number, relattve length of second dorsal spine in males, relatlve pelvic
splne length, and body depth are thOS?\%Ith a strong genetic basis (Wooton 1976). The
decline in mean rlght gill raker number with distance from the mouth seen in females in
this study is similar in magnltude to that found in a southern California stream (Bell 1982}
A 9 5% decline (18.9~1 7 1. 2 rakers) in number of rakers was found o‘er ‘the 450
inhabited meters of the Drizzle Lake inlet Bell (1982) noted an 8. 2% decline {21.7-19.8, 2
rakers) along the 6500 m of Brush Creek. No explanation was put. forward for the
decline in the latter. Whether a difference of 1-2 rakers/arch is enough to affect an
individuals ability to ingest different food items is not known. The higher number of gill
rakers in females in the lower reaches of the inlet may be explalned as an adaptation to
presumably higher plankton densities in that area (as higher gill raker number and the

importance of plankton in the diet are directly related).



-

<

Although significant, correlations for the other variables rhentioned are s.o low
(<] .3} )Ltr;at their biological significance is questionable.

The apparent positive trend in standard length with ‘distance from the mouth
(Fig.13) is explained by the lower frequency of subadults in the upper reaches (Fig.5). That
is. standard length appears to increase because younger{ﬁsh are not found upstream.

Thus, no clines which cannot,be explained as a result of local adaptations to
existing énvironmental condi"tions, rather than as"a result of gene flow, exist in the
characters used. There is no mdlcatoon of character displacement.in any character and no

need to seek explanations for mtramorph varlatlon beyond the inlet itself.



V. TIMING OF REPRODUCTION
If the breeding seasons of two sympatric groups do not overlap to some degree then
the two forms will be reproductively isolated (Mayr 1963) |
In previous studles of reproductive isolation between two forms of threespine
stic’lf’leback {Hagen 1967), and between two congeneric species of dace (Bartnick 1970,

temporal or seasonal isolation were found to be only partially developed. Nelson (1968)

found that it was not a. factor in the isolation of two congeneric species of sucker

A. METHODS -
Females were used in this study because their__reproductlve condition yvas easier
to assess thanjhat of the males For lake fish, ‘thre_e mir;noyy traps were setin 1 m of
water on the edge of a known nesting area for periods of two (1981) or three {1982)
daysv each week. Sexes were separated on the basis of spine morphology and the
females were initially grouped into six categories (O:-5l"determined by the degree of
abdominal swelling. These categories were 'correlated with degree of ripeness of eggs
\removed from two f'em,ales ln each category. Occasionally, eggs were released
spontaneously as females classified as- ‘stage 5 (prior ta the eggs being released) waere
belng examined. Numbers of fish trapped were too;mall to treat the categories
separately and only two categories were‘used tor the analysis: 1) no sign of a'bdominal
swelhng (anludmg females that had spawned recently), and 2) some indication of
abdommal enlargement
A similar method of collecting inlet females was tried but a single 3—-day trapping
period seldom ylelded enough fish to include a large number of females Instead, every
female caught in the traps set continuously in the stream was categorized in the same '
) manner as the lake females. These data were grouped by, week and provided sample
sizes comparable to lake samples. This study continued from early. ‘May to mid- August in
1981 and from mid- May to late July m 1982
N.umber_s of females of each morph wuth visibly swollen 'abdon;ens are referred
to as gravid and expressed as a percentage of total number of females caught Gravid-

females could be distinguished from those harbouring the cestode Schistocephalus

so//dus by the colour and position of the swelling. Infected fnsh had shiny whlte
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abdomens (the colour of the parasite), and the swelling associated with the infection
extendéd anteriorly beyond the pelvic plate.

With the exception of an early nest survey on May 18-19, 1981, nests of lake
males were monitqred from early June to late July in both summers.
B. RESULTS

As indicated in Figure 186, the percentage of gravid females of both morphs
peaked in May, 1981 and _continued ata relati\(ely high n;ate until mid-July of that year In
1882, the gfeates't proportion of grav'id-females was reached about two and a half |
weeks later (Fig 17) than in the previ;us year. The 100% values shown in mud—July. 1982
(Fig 17) are based on samples of only one or two fkish. v

Two nests of lake males were found in May, 1981 In e;ly June, however, several
were located Some of those contained fry aimost ready to lea\;e the nest 'an;ea
(free-swimming, outside the nest itself). The time between hatch and nest~léaving was -
estimated to be 4.5 days (D =1.8, n=10). Eggs in water of 16-18°C could be expected
to hatch in 7 to 9 days (Wooton 1876). Back calculation places the start of the nestlng

spason at about May 22 24 (and May 31 1982

C. DISCUSSION - -
For the‘iﬁlet morph. the delay in 1982 may be reiated to lower stream
temperatures that year (Figh7) Average daily water temperatures of 8°C were reached
ﬁ'by May 8-16 in 1981 but not until the end of May in 1882 These dates correspond to
. the dates of peak numbers of potentially. breeding females The same relationship is not
seen in the lake Until late July, lake temperatures were h;gher in 1982 than 1981
(Figs. 16. 17). Temperatures of 18-19°C reached in Jun‘e, 1982 were not reached in
1981 :Jntil mid—-July. Yet, the n'.\ax\i'r‘;mm breéd‘ing activity was ir{ May, 1981 and.June,
1982. Temperature data are not avaﬂable for May, 1982 but it is possibie that there was
a suddan increase beginning May 25 (the fast day of steady until July) Reduced
runoff and full sun after that date led to hlgher temperatures in lake and iniet Lake
temperatures may have been cooler in early. May, 1982 than in 1981 (as occurred . in the

mlet) thereby delaying 'the onset and peak of breeding.
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d

Summarizing several studies Wooton (1976) states that ’the onset of breeding in
the female depends primarily on changes in the photopernod permnssuve temperatures,
and on an adequate food suppfy Temperature and food suppiy may be correlated if
threshold temperatures for spawning approximate what is optimal for stimulating
reproductvon in planktoruc and macroinvertebrate prey faunas. Cladocerans, for example,
do not actlvely reproduce until water temperatures reach 6-12°C (Pennak 1978%

Experlmental stud»es n whnch females are subjected to photoperiod and:
temperature manipulations tend to employ sudden changes in one or both variables {eg.
8L 16D to 16L 8D and/or 4°C to 20°C) to induce maturation (eg. Baggev man 1972) It is
difficult to relate such drastic shifts to natural ‘conditions

I.n male preference tests females are fypieal_ly kept in 16L 8D photoperiod
regimes with wavter temperatures at about 18°C ('Hagen 19é7' Hay and McPhail 1975) or
continuous light and 16-20°C (Semler 197 1). Mood»e (1972a) related peaks in numbers
of breeding adults to water temperature of 15-18 C in Mayer Lake( 25 km south of
Drizzie Lake) Numbers of potentially breedlng fernales in the.Drizzle Lake system durlnq
this study peaked at temperatures of around 10°C for the intet and 14° C for the Iake

Esumafes of dates of the start of nest building are in gener\jal agreemant with
fhose of the peaks in the proportion of gravid females.

Peaks in numbers of potentially breeding females occurred at approximately the
same time for the two morphs in both 198'1 and 1882 The gfﬁawning season of the inlet
morph in 1981 extended beyond that of the lake (Fig. 16). but lake fish proved -much |
harder to catch beginning in mid-July. The 0% figures are based on very small samples If
the breeding season for lakes ends earlier than that for the iniets it may also begir\ earlier
as the lake water warms more quickly early in the spring: Howaever, ;he overlap of the' '
two reproductive seasons is virtually complete, eliminating the pessibility that seasonal
isolation is involved in maintaining the separation of the two -morphs.

During three years of observation of the Mayer Lake population, Moodie (1972a)
noted that the reproductive season began between April 30 and May 20 and-ended
between July 30 and August 15. Data from the present study.also indicate that the

breeding season lasts for about three months in Drizzle Lake for both morphs. -

, .



VI. MATE PREFERENCE

A. LIVE FEMALES t
The lack of intenrnediate forms between lake and iniet morphs suggests that no .
interbreeding is taking place at p'resent This may be because breeding aduits of the two
fotms se‘ldorn come into contact (as indicated by the trapping date)‘ The question
remained whether those few adults which do mest/ could potentially . mterbreed To test

the hypothesis that the, lack of hybrids is an outcome of ethologucal isolation, | conducted

male choice mate preference tests to lndncate the potentla! of selecttve mating with

o~
-

some females and not othev s
Methods " .

Mate preference experiments usmg threesplne stlcklebacks are usually conducted
in.aquaria (Hagen 1967; McFhail 1969: Semler 197 1; Hay and McPhail 1975) in which one
Or two mates have built nests and established territories. In the present study | conducted
in situ tests for two reason=: 1) the need to control environmental variables was
eliminated as was the necessity of maintaining males in- breedlng condit®n in captivity 2)
to see vihether results from the aquiarium stud:es of others are borne out in the natural
habitat

Lake nests were easily located on snorkelling surveys. Two nesting areas were
used.in 1981 one in 1982, Unfortunate'ly no iniet nests were faund in either year
because of the limited visibility in the inlet Furthermore inlet males in breeding coloratuon
when placed in darkened aquar;a th vegetation showed no signs of nest-buxldlng
: actvvuty other than -sand-sp:ttmc )

Because male sticklebacks initiate the courtship sequence by approaching a
female (Wooton 1976) and therefore are first to make a choice, male—choice
experlments were conducted Also, as males bear the "burden of reproductive duties
male-preference may be more likely (Moodie 1970; Wllson 1980, p.162). Female chooce
experiments could not be done in the natural sett:ng becausé males of two morphs do
not build their nests in close proximity. '

Nests. containing pre—eyed eggs‘or newly built nests with n.o eggs were Iocated

and staked. A variation of the "model-bottle” method of Thresher (1979) was used to”

66
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br-lng females close to the nests, Two females, one of -each morp'h'and at similar stages

of gravrdlty were each placed in a 1400 mi glass jar fllled with lake water. Females to be
-used for the tests were kept in holding pens in thelr respectlve habltats At the begnnnlng |
--of gach test a male ona terrltory was_given three mlnutes to resume nest~ dlrected

act:vrty lcarrymg sand fannlng etc.). Actlvrtles at the nest were observed by a dlver wrth

snorkelllng gear. o g »
* The jars were placed lld down on the lake bottom approxrmately 50 cm from ' ;;:“
“the nest and 40 50 cm apart. Nests used for these tests were in 30-80 cm of water.
The number of approaches made by the male to each. jar was counted. In July 1981
approaches were ldentlfled as aggressrve or nonaggressrve They were consndered
- aggressrve if they ended in vngorous buttlng or biting at the Jar Very llttle aggresslve
behavlour of thns type-was noticed |n 1882 lln only 3of 11 males. tested) and the -

' . approaches were not dlfferentlated An “approach" was' deflned as a dlrected movement
| by the males toward a jar usually endlng wlthln 5 cm of the jar. Most approaches were
made from the vicinity of the nest Each test ran for 'lO mmutes and usually two tests

were run wsth a single male on one day The position- of the ;ars was reversed between
tests to ellmlnate the effectsgof any left/right'bias. .
Results o o g . b ‘ .
b In 1981 {T able XIV) the dlfference ih total numbers of approaches to the two
morphs is sngmflcant { ’X. =4.298, P < .05) w1th the lake females recennng 61 9% of. all
approaches There lS also a dlfference in the proportlon of approaches that were
aggressrvely dlrected at the two females 2 x2 contmgency ’)C 86078 P 4 005) lnlet
females were approached aggresswely more frequently than lake females The 1982
results were snmllarly slgnlflcant lTable XV). e B "
P When mean number of approaches per test are compared in the 1982 data the o
° results support those glven above Lake females were approached an average of 14 59
. tlmes and lnlet females an average of 448 tlmes Althqugh hlgh vanances accompany
k’ these means (6.D.=1243. and 465 respectnvely) they were sngmflcantly dlfferent lnormal Y

. approximation to the Mann Whlthey Test Z2=7786, [ < 05 Zar 1974). "

i . Y

) s
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B. MODEL FEMALES

A difference.in numbers of approache‘s to lake and inletr;females by lake ma'l'es‘ :
prornpted the question‘as to what aspect of the visible differences éetwe_en female_s of '
.the»two.morphs served as a cue for the lake males. l'assumed'that the cue(s) must be
"vlsua’l;either morphological or behavioural bet:'ause'a'ny olfaetory and (presumably) V
audltory stlmull were cut off by the use of glass Jars No obvnous lnter*morph o
behavnoural dlfferences had been observed in the females Their response to the males

appeared to be medlated by their reproductlve condmon Whe\n females in a fully gravnd

state were used, | wasmore likely to see a heads up” response to the male or v:gorous

swimming up the inside of the jar by both females. that were slightly less gravud

did not respond in such a vigorous manrer.
‘ ‘ ' ' N

N

B}

Methods
" Female size and colour pattern were selecte as the two most striking
~differences lto ‘me) between the two morphs. Inlet females are Ilght brown and usaally -

mottled above with a bronze sheen On the ventral surface partlcularly on the abdomen

. Mean standard leagth of females collected in June, 1981 was 48.16 mm (SD. = 3604

n=52). Lake female/s are grey/black with sllvery c0untershadmg Mean standard length of
adult Iake females collected in Aprll 1981 was 79.50. mm (SD = 3425 n= 58)

. Models have been used successfully in studies on male aggressmn (Tlnbergen
1951; Peeke 1969) and male reproductive behawour (Wilz 1970) in the threespnhe
stlcklebacks In this study s:llcone rubber molds were made from preserved specumens
n.of gravud females. Ohe female of ‘each morph was selected wuth standard lengths of 79.9
mm (lake femalel and 461 llnlet femnalse). Models were cast in tmted “epaxy and pa:nted to-
resemble the alternatlve colour patterns. Each colour pattern (black = lake brown = inlet)

"was available in both snzes (blg lake llttle = |nletl

Lake males were agaln tested on thelr terrltorles by a snorkellmg dlver Only males_ '

with newly constructed nests (no eggsl or with early pre—eyed eggs (whlte-pale gold no
evadence of embryol in the nest were used. Models were presented in palrs such that |
only one of the two varlables was studaed “that IS two bugs two blacks two41ttles or .
“two brdwns They were. suspended from stncks by thread nn a, sllght head up posltlon

L -
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Approaches to each model in a five minute period were counted the posmons Qf
models were reversed, and a second count was made Each double five mmute session
.constltuted one test After each test the models were wrthdrawn and replaced for the
next test When presented to the male the models hung 20~ 25 cm above the bottom
and were posutloned 30-50 cm from the nest. Movnng models usually elncnted a stronger
response than statlonary ones. Wave actlon supplled the motlon needed in most tests
although occas:onally durlng caIm periods | moved them gently in unison. Twelve males
“were testededn June and July, 1882.
Results , _
Response of the males varled considerably {Table XVI). Males whose nests or
eggs appeared to be at the same stage may or may not have responded in a s:mllar
v‘ mariner. The reactions of males 4b and 9c (Table XVi) were aggressnve wrth approaches
often endnng in butes dlrected at the Caudal peduncle, abdomen and operculum of the
' models The 'feroclty of these attacks ‘was greater when directed at Iarge-—snzed or .
black - coloured models As indicated by the numbers of zig- zags, males 5c and 1d
" actively courted the models The zig-zag is characterlstlc of the opening round of the
courtshlp sequence of. the threespme stlckleback (Wooton 1876). Male 5¢ zig- zagged to.
the large black mode! when the altern,atlve was the large brown or“fhe little black. Male 1d-

zig-zagged to all the models but in each test fwith one pair ‘of models) elther the black

model (when slze was controlled) or th 5 Jwhen’ cglour was. contfolled) was

zug zagged to ;nore often than--was t - ar: lternatllfe
. A test of heterogenelty on Table XV prevented the data being pooled
‘(heterogenelty ’)C 43 773 P £.001). Those data need not be pooled, however, to
prov»de evidence that total number of approaches to each of the four dee_s by one
male were not randomly distributed. In Only bne case, nest 2b is the observed
dlstrlbutnon not dlfferent from the expected although the caiculated ’X is very close to
the critical value (X*=7.815). . o S : |
. From Table XVl the ‘order of preference" determlned from the percentages of l/ |
the overall total number of. approaches (h = 713) directed toward each model is” big v
ll:lack (48. l%) little lfslack (27.9%), blg brown (15 0%) and llttle brown (9 O%). This suggests

at the colour and or the colour attern of the female are more |mportant as cues than.
Pe
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size. - . .

This conclusnon is supported when results for just the two blg models (black vs
brown) are compared. These data can be pooled. (heterogenelty ’)C =1.305, P> 999) and
the resulting X(*=122.72 P< .00 1) clearly shows a preference exusted for the large
lake—toloured female‘over the large inlet- coloured female.

/ o .
-C. DISCUSSION ‘ _

MJst mate preference studies conducted on threespine sticklebacks have been of
the female~choice type (McPhatl . 1969 ,Semler 197 1; Moodie 1972bl. McPhail (1969)  ~
reasqned that female mate preference & a potentsal |solatlng mechanism because
breedlng males court female stlcklebacks and male nuptlal colourlng serves as an
epigamic signal. A subsequent mvestlgatlon of a different pair of apparently

) reproductnvely isolated populations (Hay and McPhail 1975) revealed the "active male role

. o o K oy . . - o
in mate selection.” Ih the present.study, male—cho:ce experiments were performed ih.

) situ partly,bec‘aase it is the malewhich takes the lnmatlve in the courtshlp sequence
lWooton 1978). Males makmg heterogamlc choices from among non-selective females
or males. whose size (for examplel gives, them the qualities of a supér—-normal stnmulus
{(Manning 1972) and therefore ' acceptable to most females, will beat a disadvantage if
selectlon acts against ybrld:; for any reason.

,’ 7/ In male chouce experlmerrts cond@cted with fish of the typical freshwater /ejurus
fo nz and the anadromous trachurus form, Hagen (1967) found no, difference in the
ChOlce of females.by méles of both types The conclusion. of random mating was aiso .
reached in female choice tests Hay and McPhail (1875) reached a different conclusion in »
another serles of tests with flsh from the same populatlons used by Hagen (1967 Ma’les
of the /eiurus typé chose /e/urus females 65% of the time, - and, trachurus males chose
trachurus females 62% of the tlme The. involvement. of males in mate selectlon in -
threesplne stlcklebacks is emphasnzed by these results » ‘ o ,

Mannmg ‘f1972) pomts out that the selective: advantage in choosmg a conspecnfvc }

(or conmorphlc "}-mate is partlcularly strong for females. While thls is the case (as
Manmng mdlcates) nf the relative mvestment of females is hlgher than that of males|eg. if

they mate only once or by virtue of their greater energy mvestment in egg productlon) it

A
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would not apply to Gasterosteus acu/eatus where the high cost of egg productlon by the
female 1S at least balanced by. long perlods {two— three weeks) of parental care by the
male. Therefore, the correlation between the fltness of males and the preference of
females and the correlation between female fithess and male preference (Pianka 1978'
“are likely both being selected for in this species. The importance of male chonce cannot
be underestimated. '
I-obtained similar results using different criteria of choice than Wwere used in'the
studies described above. In this case the ‘conspecific” female received 62% (198 1) and
77.5% (1882) of the approac.hes.. Occasionally males being t'ested approached the jars -
doing the zig-zag dance characterlstlc of their courtshlp phase, In every case the Zlg -zag
terminated at the jar of the lake female even though both females may have been .
respqnding with the "head up” posture. A lower frequencNf aggressuve approaches to
the conspec:flc female also supports the hypotheS|s of mate selectivity by the lake male.

By itself, this selectivity may not be enough to reduce gene fow suffucuently. However, in

N conjunctlon with other mechanisms (which assortative matif Wil in turn, reinforge) this

ethological mechanism serves to isolate the two forms. 4

Earlier studies on mate preference in sticklebacks ] shown that the typical red
colour of breednng males is subject to sexual selectlon by females lMcPhaxl 1968; Semler
1871). Colour, the{"efore can serve as a releaser of courtship behavnour in females.
Results of this study indicate that colour (and size to a lesser extent)lare involved'in
releasmg the initial approach of the male. Biack models recelved 76% of the approaches;
blg models were approached 63% of the time. . -

The vanablllty in the.types of responses to the models leg: courtvng vs aggressive)
may be explamed by the. state” of the males at the tnme of their tests. Once a male has
entered the courtship phase he remams in that state until a clutch of.eggs has been’
deposited ln ‘the nest (Wooton 1976). Foliowing fertlllzatlon the'male enters an
aggressave phase .and Wl” ilot court another female for about one hour while he attends
to hls nest This may be repeated up to seven tlmes (Wooton 1976). it is not possnble to
determme exactly in which phase a male is, unless he is watched cbntlnuously from. the
begmmng of nest building lnot practlcal in this study), Rega?dless results from flsh at the

two extremes (aggreSSNe vs courtshlpl differ in absolute numbers but not in relatlve
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!

' di.fferences between mbdeis: ‘ .
Another explanation for the decline in number of approaches, from btg blat:lk

through to little brown is habituation. Models were presented in the followmg order: two

' bigs, two blacks, two Ilttles two browns. As defmed by Manmng (1972) " if an anrmal is .
repeatedly given a stimulus which is not assocnated with any reward or pumshment |t
ceases to respond” (pg. 17-7). This may explain dlfferences between tests but does not
account for the differences within tests (Table XVI) Nor does it negatlvely affect the -
t:onciusnon :hat colour is the more important variable. Perhaps the strongest support for
that conclusion came from the results of the first test in the sequence, big black-vs big
brown in 75% of the trials the lake-coloured fish was approached ﬂgmfucant!y more

often than the inlet—coloured ﬁnodel In the remaining three cases the same trend is

evident although differences are not s:gmf:cant P> 05) o o s

~
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. _ | VII. HABITAT PREFERENCE
In order to identify aspects o:the environment which may serve as cues to inlet and lake
) fISh in thetr choice of habitats, two sets of experiments were performed using twe-age
classes of fish The preferences of young~of-the-year fish of both morphs were
‘ ,tested with respect to light, the presence pf a dark vertical surface and proxnmlty of the
substrate. Aduit flsh (in thelr third summer) were given the'choice of water types (lake Vs
Jnlet), current, and vegetatlon -
A. FRY EXPERIMENTS METHODS AND RESULTS
General Methods . ' ' . | -
~ Fry (15-25 mm S1) were collected from the |nlet (mostly near S‘phagnum) and
from the llttoral zone of the lake with dipnets. Flsh were kept in shallow plastlc holdmg
trays (40 x60 x 10 cm) floatlng in the stream for at least three days before each '
experiment was run. For all experlmental“sntuatlons fry of each type were placed in N 455
-~ litre aquaria, three at.a tlme lie. three lakes or three inlets), and given 30 minutes to - |
ad;ust to the tanks. Thereafter the locations of the three fish were recorded every five
minutes for 50 minutes provudung ten readmgs for each trnal Ten trials were run for each
of the two morphs All experiment were conducted outdoors under conditions of
ambuent light, temperature and raipfall. ‘
nght/Dark s ' S S - Sy -
The aquarium for this experiment was wrapped in black plastic for half its length
All sides, top, and bottom at that end were covered g
o ~ As shown in Table XVl the difference between the time spent in light and dark q’
theﬁwo morphs is sngmflcant Howeveu-both forms clearly have a preference for the
dark end of the aquarlum Lake fry are more strongly dark-orlented than their lnlet
: counterparts This was not the predlcted outcome as | percelved the inlet 1o be a darker - o
habitat, a result of its daﬁer water colour overhanging banks shade cast.by the trees s
and.greater depth (compared to the ittoral area of the lake)

LY

Dark Vemcal Surface
¢
Only one end of an aquariym was covered with, blagz plastlc No plastlc exténded

' across the top of the tank. ln this expenment | predlcted,lnlet fry would oruent toward

-, Coeny, a o 76 ' A .
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Total
Lake o 13 . 287 300
Inlet o ‘86 : . 214 300
Total 99 - 501 600
Notes: Contingency 2 =61.46; df = 1; P < .001.
Table XIX ‘
Response of Fry to Presence of Dark Vertlcal Surface
| /1
Quadrant ,
A 1 2 -3 4 Total
Lake v 118(39) 78(26) | 52(17) 52(17) 300
~Inlet , 95(32) ~ _55(18) 61(20) 89(30) 300
Total 213(36) © 133(22) 113(19) 141(24) 600
Notes:- Contindency 7? = 16 88 P < .001.
Quadrant 1 adjacent to darkened surface.
( Bracketed figures are percentages
‘. f\ - ! . . / >
TX A N Taple XX |
Orientation of Fry With Respect to Substrate
L Near tg - ' Away from P
+ Substrf&te. : the Substrate Total
, Lake = 251 a9 300
' Inlet :T 141 § . 159 1300
'I‘otal ' 392 | 208 600

.~ Table XVIII
~ _Response of Fry to Light/Dark Choice

t

77

"Times in Light End Times in Dark End

'iiﬁﬂﬂiés: Contingency‘x: =~87f4?9; P < .001. .



the darkened surface as a protected area more strongly than lake fry because such
surfaces.ie. stream banks. are a part of their environment.

'] The aquarium was divided vertvcally into four equal quadrants. Quadrant 1 (Table.
XIX) is. that closest to the dark end Again, dlfferences between the two morphs are
“highly sngnlflcant Contrary to the predlcted response lake fish showed a stronger
tendency to stay near the darkenad end than inlet fish. The latter appears to prefer the
end walls to the middle area (Table XIX) but there is no difference hatween numbers of
flsh positioned at the ends (’X =0136. P> .05).
Substrate Orlentatlon

The vertical surface expernment descrlbed above also presented the fish wvth a
surface/bottom choice’ and the recorded fry positions were analyzed with respect to
being in the top half or the bottom half of the aduarium. L, «

The highly sngnlﬁcant deviation from the expected values lTable XX) IS accounted
for almost entirely by the results for the lake fish. These were expected because the lake
fry were collected from the shallows (<05 m)in the lake, where they were never far
above the sandy bottom. Inlet fry showed ho particular orientation with respect to. the
substrate ( X mO 86305> P> 25) . _

- , : “y 3
'B ADULT EXPERIMENTS METHODS AND RESULTS
) Water Type : T, : - r
Methods . : . —

LY

’

AY- shaped tank (10 cm deep lO cm wide, each arm 50 cm long) of plexiglass
was fitted w:th needigtype polyathylene valves (bore diam.= 3 mm} in the ends of the
upper,arms. A baffle at the yunctlon of the upper arms and extending 7 cm toward the .
vertical arm was added to reduce turbulence at the junction. Drainage was prov:ded by a

T-2 crh hole drilled. |n /the floor at the lower end of the vertucal arm. This was fltted with

tubing { 1 cm) carrigd water from 22.7 litre buckets wrth plastlc spouts at the bottom to
the upper arms where flow could be lcbntrolled with the vaives. Inlet ‘water filled one-

bucket lake water the other. Temperature$ in the two buckets were kept within 1.5°C.
¢
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& .

The Y—-tank was adjusted to produce a gradient of 1.48 cm/m. Rate of flow was
kept as fow as possfble ( 0.28 cm/sec), sufficient to maintain-the difference between the
two)opper arms but not strong enough to Produce a strong current. The two "waters”
mixed in the vertical arm about 8 cm bejow the batfle. No mixing-of water back into the
arms was noted when tested with food colouring. Thus two distinct-choices were

offered A snmllar apparatus was used by Brannon (1872) to test response to water

source (creek.vs lakel in sockeye salmon fry.

A fish placed in the lower end of the vertlcal arm.was glven 30 minutes to adjust

" to the tank its posmon and orlelhtatlon were recorded at the end of that perlod and

every)5 minutes for 45 minutes. in addition, total time spent in each arm was noted Only

data from fish that had spent. time in all three arms were analyzed This was to ensure that
only fish that were aware of the alternatives were included.

Fourteen inlet fish were. tested, and all met the - "awareness” criterion. However L

, 33 lake fish were tried before 14 were found that explored the whole tank. Later an

addltlonal seven inlet flsh were tested and flve of these were satlsfactory

=
Results

L

Table XX| shows the differences in times r‘eoorded in each arm for the two

3 -

morphs when results from all runs are totalled Inlet fish- were found in inlet water 50%

of the time and spent less than 15% of the tlme in lake water. Lake fISh frequented the

-

- iniet aren approxlmately one-—third of the time, as would be expected lf posltlons were

-
determined randomily. The “preference of the lake fish was for the vertlcal arm.
However, lake fish,-even those which did explore the entire tank, often rerqgined still for

several mmutes irr the vertical -arm Inlet fish typlcally waere more actlve from begmnung to
K4

end of any experimental period. S iR . -

‘Both morphs spent more time in the iniet water than ih the lake water (Table XXH.

leferences Jare not significaht for the lake fish (t- "l 798, .05 <. P< 1) but the mlet fISh

~

did spend sngnlflcantly more tlme inits "home” Water (Mann Whltney U 317 P<. 01)

N 1 . Pants

o

*
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- Current | con :. '. )
T Methods T o

- v
e ‘

s
vE

o A ' Although current in the stream is ~reduced during the summer when these tests
were conducted 1t mcreases substanttally in September and gener]ally remams swift until
May (TE. Renmchen pers comm) - ; o A -‘I. ‘. W o
The Y-tank as desch'ed above was used w:th a few modlf»catlons The needie
g valves were not used; water enteréd over the top of the upper end of one arm dlrectly o
from the plastlc tublng leadlng from the bucket. The stopper in,the draln was carved to
- a&ow a steady flow of 1.64 cm/sec wnth a depth of about 4. 1.\cm (volume of flow = M“
»—-68 8.cm /s). Water flowed from the top of the left arm to the lower ‘end of the vertlcal
| arm; the rlght arm offered the still water choice. Thus twice the—volurhe of flowing water
was present Rate of flow was determlned using food colourmg Flsh were mtroduced
" mdlv:dually into the t0p of the still water arm and glven 30 mlnutes to ad;ust ‘to the tank
Agaln thelr posmon was noted every five munutes for 45 mmutes from the end of the ,' -
adJustment perlod The total tlme spent in stnll water over the experlmental pernod was.
calculated Only results from flSh that had spent time in both - movnng and stnll water are
mcluded in calculatlons Flfteen flsh of each morph were acceptable. ’

' . . -

Results i

i
Expected frequencues are based on the 2:i fiowing to still volume relationship.
_Table XXlll indicates that a posmve rheotaxis is present in inlet fish ( ’X, =378.P < .001).
Several mdxvvduals ‘were observed " "rldmg the current near the water entry point Lake
flsh apparently distributed themselves randomly 1n the tank wrth respect to the current. |
e Sumllar results are evtdént when observed mean time spent in flowmg and still
-.water are cor"rt,pared.whltl:i the expected val_ues.for_ the twov.rnorp_hs(Table .XXlV). Again the
- 'dlfferen‘ce:is highly significant for the inlet'(v’X.L?_786.7'6, P< O, while that for the lake B

2

fish is not significant at the 5% level (X *=3.4594)
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Vegetation . ‘ : o
Marked differences between vegetatlve cover in the inlet and the Ilttoral area of .
¥
the lake prompted an mvestlgatlon of the importance of vegetation as a‘cue for R {

-

dlstlngulshlng habitats. , v ' ' ‘ )

. Methods

.
[P

e

., A.plexlglass tank (120 cm x 30 cm x 30 cm) was planted in two types of
vegetatlon typical of the lake- and inlet habltats One half was a low (3 6 cm), sparse (1
plant/56 cm ) plantlng of L//aeopS/s occidentalis and £ leocharis sp., two plants
representatlve of the nesting area of lake stlcklebacks The other half of the tank was
planted with Sphagnum sp. densely enough that the substrate was obscured. Helghts
ranged from 8 to 12 cm. The mlxture of lake and rain water was kept at a depth of 24 .
em(  1cmi o N L } -

Ten flsh of one morph were placed in the tank and again glven 30 rnlnutes to
‘adjust At the end of that period and every five | mlnutes for S0 n;‘\utes the number of
fish i |n each of four areas (two ends, upper and lOWer half of water column) were
‘ ~recorded Four replicates with lake fnsh and two with mlet flsh were completed

N

Results ' ;
Data from lake rephcates 1, 2 and 4 {Table XXV) sho a significantgpreference .by
the lake morph for the low,’ sparse "lake vegetation ( ’X ., 45. 12 and 53.0
rnespectively, all P < .001). Test for heterogenelty showed that the results could be’
pooled ( heterogenerty x*= 82,.75> P> 5)-Pooled X*=122.4 (P< .00 1) indicates
- that some aspect of the dlfferences between the two vegetatlon types affects
dlstrlbutlon of thns morph in the tank Durmg test 3, where no preference is évident
(= 005,-P >.9), flve fish dove into the Sphagnum mmeduately on introduction. All
remained there for half the 90 mlnute test period and three were not seen at all durlng

I

that perlod
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@

o

Data from iniet trvals are less conclusnve (T able XXV) ln both repllcates there rsva
tendency toward spendlng more tnme on the Sphagnum slde However only in the first’
-y .
Atrnal were the results s;gmflcant (7X*= 28 125 P < 001)

'Substrate Vlsmllnty L \\ - S

- Several varlables were comblned m the v,egetatlon preference experlment Not

only were plant spec‘eis“d‘l‘ferent but heights and densltles were also/ dnfferent lt is

™~
~

posgible that when the Iake fish appeared to be avoidigh: the Sphagnum snde they were
instead havmg a negatrve response to the mvnsublllty of the substrate A slmllar condition’
exnsts at the boundary between the~two habitats where because of the sudden lh:rease

in depth in the mlet the bottom is no longer vnsnble from the surface

» . N ?

Y

X

Methods . - - : . "

- test this hy thesis, the same tank was used as |n the vegetatlon experlment

| but the S;agnum s repl ted to offer ‘approximately the same amount of visible
substrate as was present on the other side. This meant using fewer Sphagnum plants than
| £ /eochar/s/L//aeops/s plants because of the greater coverage provnded by mdlv:dual
| Sp/vagnum plants Data coliection was as descrlbed for the vegetatlon preference: Three
rephcates of the test were conducted As i was mterested in what was keeping most lake

adults out .of the lnlet only lake fish were tested

‘ReSUHS
| . 2
Results of repllcates one and thrr\(hble X)(VI) are very similar to those of the
vegetatlon preference test (Table XXV) or the lake: fish. ThlS suggests that a varuable
other than density or substrate visibility, but still related to the vegetatlon may be
responsnble for thelr preference for low, sparse vegetation (or thelr avoudance of

Sphagnum).



\
C.DISCUSSION % |
Every spemes populatuon has lts own partucular habitat requirements and w;dth of
habxtat toleranoe - and hence its own zone of optlmal |mportance (Pianka 1978). Planka
was referrnng to dustrlbutnon of plant species along maisture gradnents but the above
generallzatlon could apply to any specnes and any approprnate enwronmental varlable A =
-posutlve response to a partncular varnable or combination of varnables (habitat selectvonl
has the effect of ‘placing the animal in an environment which umposes - partncular
selective regime on the orgamsms within ut (Partrldge 1978l T/wo similar animals selectung
' dnfferent habitats are.sub Ject to dlfferent suntes of selectlve forces. o ‘ ’ 5;
Habitat selectnon may depend on the genotype of the lnduvndual or on the ',,’ )
‘ envwonment in Wthh it was ralsed (Maynard Smlth 1962). Mayr (1963) Maynard Smuth
(1966l and Endler (1977) emphasnze the importance of "bnrthplace phllop\atry"\;ltlng

examples of mlgratory burds mammals and fnsh yVhether the underlylng cause for

¢

" differential habltat select-on is under genetlc control or the result of early expehences "
the outcome for two populatlons from dlfferent niches will be the same - thé two
'groups will be largely isolated (Maynard Smlth 1966) AN

Habxtat or ecological lsolataon which m\ay beé an outcome of- habttat selectnon is
‘usually firdt on a list of prematlng rsolatmg mechanlsms (Mayr 1963 Dobzhansky 1970

Merrell 1881). It is perhaps the most obvious - groups of related organisms wblch do

not come into contact on a regular basns ’oecause of adaptatlons to different. n:ches will
not have the opportunlty to lnterbreed ' :

In Drizzle Lake habltat selectlon was tested by offermg stlcklebacks of both
‘ morphs samples of the two habitats lnwn artlflcual setting. THis p,;ovvdes some ,
lnformatnon as to whlch variables may be important, vbut, as Partrldge' (1978) points out,
not necessarlly which cues the animal actually uses
.Fry Expenments ) v b‘

When results from the three expenments are combmed Iake fish show a strongly
negative phototactlc response coupled with a positive bottom orlentatlon Inlet fry are
IeZs dark —oriented and dnsplayed a neutral response to the bottom: These dlfferences
' though not the ones predlcted can be explalned by comparlng the habltats of the

'young—of—the-year. Lake fry school |n the shallow (.5 m) littoral zone of the lake where
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darkness = cover) is- avanlable as submerged stumps and logs depressions; rocks and-
vegetatlon Whlle snorkelllng in the lake ! frequently saw fry. swimming close to the

bottom where thelr mottled colounng ‘was effectuve camouflage agaunst he sandy

substrate |nlet fry were taken from deeper water (B-rl 5 mi where. th bottom is not

vnslble through the hea\nly stalned water.. They were most easily caught near floatlng N

patches of Juncus or at the edge of banks of Sphagnum Against such a vrsually diverse
backgroundfhelr mottled coloupmg would have a dlsruptlve effect Their less. pronounced
response (relatlve to lake fry) to darkness may be the result of confllctlng avondance
: behavvour patterns On one hand i$ the lntumvely obwous search for cover to elude :
predatory flsh and btrds Wthh may be found mldstream for the avoldance of swifter )
flowung water although the number near<nldstream Juncus plants contradicts this). At the
same tlme there could be an avoudan e of the darker areas (stream banks) which arp
favoured by dragonfly larvae known\predators of young stlcklebacks Relatlve pressures
exerted by the dlfferent predator groups are not known but this lnterpretatlon suggests
they may be approxumately equal % . ' T
_ Adult Expertments v

All tests were conducted using fish in- thelr third summer durmg the breedmg
season ‘and several were obvuously in breeding condltnon Results of preference tests for
the most part agree with field observations in support of ecologlcal isolation.

lnlet fish showed a cjear preference for their own water type. Since temperature
depth, current and colour were controlled, it is likely that some dlfference in the water
) chemlstry between the Iake and the lnlet permitted the fish to discriminate between the

twao. A difference in response to lake and creek water ‘was seen in fry of sockeye

salmon (Oncorhynchus herka) from the Fraser River drainage in Br:tlsh Columbla (Brannon

,

1972). Emerging alevins, fry, and fingerlings all dlsplayed a preference for lake water. -
Nur'sery sites vf,or' sockeye ar;e lakes regardle'ss of their incubation site (lake or stream),
and this preference for lake )uzter enSures that young salmon reach the nursery area A
- follow—up experiment with the salmon fry in which the olfactory capsules were sealed,
showed that such treated fry cannot selecmvater source,v although their response_._to

current was not affected (Brannon 1972).

o
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in the present study, lake fish'showed no preference for water type and there '
‘was a tendency for them to spend more tlme in the inlet water Hagen (‘l 867), ln a water
type preference test found that both trachurus and /ejurus morphs preferred the clear
: 1water of.the trachurus habitat. Althbugh the water types were desngnated by colour -
presumably other chemucal ‘dlfferences exlsted In Hagen s study and tﬁ one, response
of fish to water type alone would not be enough to keep the tWo forms: apart
The posmve rheotaxls of the mlet flsh is that expected. of @ stream dwelllng fish
y (Allen 1969 Hynes 1870 To malntam posntlon |n a stream a flsh must be able to swnm
| agaln\st a current. asl well as take advantage of quiet areas to escape the fastest flowmg
water. Thls abmty was shown garly in the life )l;ustory as subadults were more Ilkely'to
rnove upstream than adults in the same year. Their movement was noted in September
when the current had increased with the onset of heavy rainfall. In an aquarium.study,
‘Hagen (1967) observed that the /eiurus (stream) form * rarely moved into the half of the |
. aquarium with current” Flsh used for that ex‘berament were collected in an area of a river
described as “marshy with mud’ bottom and dense aquatnc vegetatlon that chokes sec:tlons
of the stream in the summer” {Hagen 1967; p. 16_40l. Such a habutat may be vvrtually still
‘for most of the,year and there would be .no advantage td reacting positively to flowing
"Twat"er‘i However,- if staying'in the vicinity of a prey fauna to which a fish is adapted
requires such aresponse those fish which possess it will be at an advantage.

Results for the lake fish indicate a neutral response, that is, they 'are as likely to be
attracted to an area of flowing water as they are to avoid it Thus, current may explain
the restriction of |nlet fish to the stream, but |t apparently does not act to keep lake fish
out of the stream. - ) )

Lake fish showed a strongx preference for their "dwn" type of vegefa_tion in three
‘of four trials when offered a choice. It was not density of the plants, nor was it likely to
be the height. in the substrate visibility tests where degree of coverage was about the |
“same, heights of the plants on both sides were also almost the same. At low densuty the
Sphagnum plants were recumbent not floating. In the llttoral 2zone; which is their nesting
habitat, lake males often build nests near £ /eochar/s L//aeops/s and young Juncus, plants
" which provide very littie cover, but by their leafing patterns {long and narrow) and short

stature allow for the’ stlcklebacks maximum visibility of thelr own and adj ;acent terrltorles

AN
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In th|s habltat a male could more easrly see newly hatched fry or eggs which may become

dlslodged from the nest pit, as well asg trlchopteran l'arvae Wthh were picked up ‘and

carrred away from the nest whenever they came within 5 to 10 cm;, The presence of

Sphagnum -even in low denslty would reduce vnsnblhty at the substrate level in the v:crnlty
& the nest . B .

The trend in inlet fish to favour Sphagnum is not’ strongly supported but is
expected in a fish for Wthh Sphagnum banks may represent cover and a source of the

rnvertebrate prey species. Addltronal infet fISh were not avallable in order to repeat these

1

) experxments O ' -

- Of the varlables tested only vegetatron evoked markedly dlfferent responses for .
" the two morphs each one selectlng the type approprlate to its habltat

Other varjables Wthh dlffer between lak & and inlet may play sognlflcant roles in
keeplng adult lake fish in the lake. Temperature, for example, may be- implicated because '
,there is an average difference of 4.2°C over the breedlng season. However as Flgures
16 and 17 indicate, there are times when lake and inlet temperatures may be almost 10°C -
apart (early June, 1982). Under the prevalllng southeast winds of April-June there is a 1 .‘ |
plume of cooler water emanating from the inlet and extending 30-50 m into the lake.
During nest surveys in that bay lFlgs 1, 2), lake nests were found within the area of the
plume oniy under the follownng condltlons a) when on a sandbar where the water was
shallower and warmer than surroundmg water, or b) after a proionged perlod of
northwest wind. during whlch the plume is masked by the "piling up of warm surface
water in the southeast (inlet) corner. This suggests that minimum. temperature for nest
building, egg deposmon and/or development may be hlgh,er for the lake fish than for the
inlet

The effect of wave actfon in that area could also be investigated as there are
areas of otherwise apparently suitable nestlng habitat for Iake fish whlch are not used.
Three lake nests further down the shore where mate preference tests were conducted
were completely covered with sand after a day of'partlcularly strong winds in. July,
1981. Only one-of these nests was seen again with a male nearby. The 'littoral area
immediately beyond the mouth of the lnlet was subject to wave actuon for one month
periods during the breeding seasons in both 1881 and 1982. Lake males which happened

R
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to nest in this area would be more likely to contact inlet females than males nestmg
_ elsewhere However their nests would be mcre vulnerable to destructnon and they would

. therefore be at a selective disadvantage. " ' o R

g -



VL. GENQ%A,L DlSCUSSlON ,
Morphologlcal dlfferences between lake and inlet férms can be explalned in terms of .
different selectlve reglmes in the two habltats The lake morph resembles the "Black"

: morph of Mayer Lake describeg by Meodle (1870; 1972a b) who gave evidence for.
predation as the agent of selectmn In the iniet form, head characterlstlcs are likely,
adaptations.to a largely benthic prey. population lwmg m darkly stamed water.

Geological studies revuewed by Suth&riand Brown and Nasmlth (1882) provide
evidence that the Queen Charlotte Islands were buried: by glacnal ice during the Wisconsin

' period and Moodie (1970) and Moodle and Relmchen (1976bl consnder it unlikely that
lsolated refugla existed. Moodie and Relmchen (l’976bl believe that stlcklebacks on these
lslands have undergone rapld post glaclal evolutlon to their present diverse forms. If true,”

‘the variation in the Drlzzle Lake watershed | is the product of BOOO to 10, OOO years of
evolytion. ' ‘ | i

Although it cannot be ruled out that the Drizzle mlet form dld not orlglnete
elsewhere and be the result of a separate invasion, | argue that the two resulted from
divergence within Drizzle Lake A model that may explain how this divergence came about ‘
combmes vuews for dlsruptlve selection 6f Mather (1955) and Maynard Smlth (1962
1966) Followmg the isolation un the new frashwater habitat of a trachurus like ancestor,
elements of the Drnzzle Lake population would be found in areas eventually to become
the inlet stream, outlet stream, and the lake itself. These three areas would become more‘
clearly defined (i.e., a more streamlake less marshy inlet, and a narrower outlet) wlth the

" _‘rebound of the land mass and consequent lowering of lnland water levels combmed wath )

a reduced volume of glacml meitwater. Differences among the three habitats would

intensify. For example wnth the gradual bu:ldup of peat, pH values, particularly in the mlet,

would drop.. Optlmal phenotypes in the three habitats would begln to- differentiate as
effects of dlfferent selectlon pressures in the three areas were "felt". Individuals will be
adapted to the mche in Wthh they were raised because they themselves survived in that
niche. Those passmg on the tendency to raise young in the "home niche” will have a hngher

fitness (Maynard Smith 1966) The resuit would be the same lf the mherlted tralt isan .

actual preference for that niche, or the tendency to return (at some point in the Ilfe cycle

pruor to breedmg) to the habitat in whnch the mdw:dual was raised (Partridge 1978).
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Once differential habltat selection’ was ln effect the f'ltness of heterozygotes
“(from lnter-morph crossungl would be less than that of sither homozygote and -
assortatlve matmg would be selected for (Maynard Smlth 1962). ¥ . {

Maynard Srmth l1966l offered three alternatlves f'or the genetlc mechanlsm
leadlng 10 assortative mating. Halliburton and Galf. (4:981) felt that the second of these

".modifiers lat a second locus] might cause matmg preferencds based on the

v/-l’
. Phenotype detePmihed by the first Iocus [vvhere alternative alléies lpause the

homozygo.tes to be adapted to two dlfferent nlches] ‘ '
E explamed their experlmental productlon of assortatlve matlng in 7‘ ribolium castaneum A
is also a reasonable explanatlon for the sttuatlon in. Drlzzle" Lake stlcklebacks Tw0 alleles .
‘ -for body colour and/or colour pa’ttern could make up the hypothetical flrst locus. The

" phenotypic expression of se may adapt the two morphs to their respectlve niches by
making them less vulnerab:};o predation. At the same time, assortatlve mating (at least by
the lake male), resulting from. the actiqn of the modlflers is based at least in part on the
-Same phenotyplc difference {colour). The s:mplnc;ty of the above lS for sase of

o
descrlptlon as traits mvolved with assortatlve matlng {and coloratuonl are not llkely to be

determined by alleles at a- smgle locus (Hartl 1881). ‘ )
The other two alternatives of Maynard Smith's (1966) are 1) plelotroplsm where
the colour alieles themselves would cause assortative matlng and 2) that- genes exist -
which themselves cause assorﬁuve mating regardless of the genotype at (in thls example)
the colour locus. Maynard Smlth himself consudered plelotroplsm "very unllkely The
second option is less parssmonlous than the one lncludec in the model above Selection
would have to act to maintain two ~separate gene complexes (orie“for assortative matlng,'
one for colour) in order that both could uncrease in frequency If modlflers are present
and increase the fitness of the optlmal (eg. lake coloured) phenotype then they will
themselves be favoured (Endler 1977). _
' Other explanations for the existence of the two (or more) morphs are possnble
The present situation may reflect secondary contact follovvmg a perlod of geographlc |
|solat|on However, as inlet streams drain downhlll into lakes, it is unlikely that the two
groups were once cut off, partlcularly lf hlstorlc stream levels and water volumes were

" much hlgher than at present.

-
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The presence of three forms ln a sequence of duscrete water. bodles (outlet lake
iniet) suggests that a series of‘invasnons occurred. They may have been separated by tlme
lntervals long enough that the flrst group dlverged sufficiently from the ancestral form
that rt was reproductlvely |solated from subsequent invaders: Wlth three groups mvolved
two pernods of tlme would be needed {inlet and outlet forms do not appear to be in
contact) in evolutuonary tire, 9000 years is a short period for the completlon of one
specratron event (as indicated by the establrshment of reproductlve isolation). It Is even ,
less I‘kely that two such events could occur in that period. A combrnatlon of serlal .
_ mvasuons and disruptive selectlon would reduce the time. requsred for the morphologlcal
divergence and establlshment of r&oroductlve isolation found in Drlzzle Lake ' .

The hypothesis of multiple InVasmns could be tested by electrophoretlc analysis.

This technlque has shbwn in another’ study lWlthler 1980l that a hlgh degree of

polymorphism and heterozygosrty exusts in freshwater populatlons of threespme |
sticklebacks on the Pacific coast. Differences were found between morphs wrthln a
watershed If three rnvasrons are postulated comparlspn of the genetlc varlatnon in each
of the three morphs with descendants of the presumed ancestral stock (anadromous
trachurus) should reveal three degrees of dlfference More alielic dlfferences will
accumulate in those gl'OupS separated from the ancestral Populatron for a longer period
- of time ¥‘or reasons of time alone. Thus the group Wthh had been geographlcally .
isolated from the parent population for the longest perlod of trme would be least like the " -
ancestral form genetically. The most recent break*—away group would be most Irke the '
anadromous form and the descendants of fish :nvolved in the second invasion would be
intermediate in. degree of difference. However if all present populatlons are the result of
disruptive selectuon acting on a single” orlgmal populatlon amount of dlfference between
each of the three groups and the presumed ancestral/ form should be srmrlar

This study presents ev:dence for two reproductwe isolating mechanisms,
' -ecological and ethological. Both are prematmg mechanisms (Mayr . 1963) and thus prevent
gametic wastage. Nelther however, |s perfect A few. males of both morphs in breedmg
vcondmon have been trapped in the " wrong habitat Lake males d|d approach inlet females
(albeit at a much lower frequency), and on more than one occasion the inlet female

responded with 3 "head-ub". Whether that pair ‘could have comptet_ed a couvr'tship‘—e”gg )



| .--chance are possuale

~ one (Futuyma 1979, .

B «study, that aliows, the inlet morph to malntarn lts genetlc ldentlty

4

2,

deposmon sequence SUCCessfully is unknown Inter- morph matmgs even if only by -

v

e . .. . . »

. P ln the summer of 1981 the effective breedlng population- (number of adults

"“ieaving survnvmg progeny Dobzhansky et al 1977) of the inlet morph was' appraximately -

125~-150 mdnvnduals (based on the arbltrary assumptnon that 112 to 2/3 of the totat adult

. pozulfawn will leave survuvmg offsprmg) The |mportanc°e of genettc drlft as a

dgterminant of gene frequenmes mcreases as- populatlon size decreases If the populatlon“" -

lS [mall enough frequencues of alleles wnth d:fferentnal effects on fltness will change

. ._,from generat:on to generatlon mostly by random draft (Dobzhansky et al 1977) Alleles

E become fixed or lost by chance in fewer generatlons in-a small populatlon than in alarge .-

Alleles mtroduced into the mlet populatlon by the lnterbreedmg of even a few lake

and inlet stlcklebacks would alter allellc fred‘hencres throughout the inlet group in

‘ 'relatuvely few generatlons The mtrogresslon of: the lake morph would by’ genetic drlft

' 'swamp the mlet genotype resultlng in the dlsappearance of the. mlet phenotype

Presumably the fnrst mdncatlon of thlS process would be the presence of: hybruds near

the zone of. contact As stated prevuously only one. adult flsh has been found Wthh

resembles what one wouid expect’ such a hybrid to look llke There must therefore be a

barrier in effect other than the |mperfect premating mec'hannsms mvestlgated in thls 3

N

" Narrow’ hybrld zones lndlcate the exlstence of postmatlng but not prematmg

. barriers lFutuyma 1979). Selection then acts to relnforce prematmg mechamsms to

prevent gamete wastage. The liklihood. of thls remforcement is. dqrectly related to the

'degree to which postmatlng barrlers ex&st (Futuyma 1979) in Drlzzle Lake, at least one

s prematlng barrrer may be selected for masmuch as the black countershaded coloratlon of

[

the lake. females may reduc'e predatlon o

. if-they do exist, do not survwe to be rec__gnlzable L

Postmatmg mechanisms were not’ lnvestlgated in thls study Three of the four

s 8,

mechanlsms listed earlier are possnble in; thns sntuatnon narnely gamet:c ot - zygotlc

b‘mortalnty or hybrld antablllty Sterlllty of pdult Hybrnds lS not consldered because hybrlds ’
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The flnal determmatnon of the mode of reproductlve lsolatton in Drizzle Lake

: stncklebacks awalts an analys:s of these postmatlng‘inechamsms
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‘ IX CONCLUSIONS

. Threespine stlclqlebacks found in the m!et to Drlzzle Lake: dn‘fer morphologucally

ecoioglcally and behavnourally from those in the lake itself.

’_,Inlet sttcklebacks are shorter and deeper bodned with relattvely shorter splnes and

larger heads Eye dlam\eter of inlet fish is: greater leferences in other head
characters between morphs may be related to the eye diameter, but selection -
favouring the retention of Juvemle characters in the iniet morph may be involved. |
There is little contact between breedmg individuals of the two morphs. Ecologrcal

isolation ‘may. result from differences in habitat preference

: Ternporal |solatlon is not a factor in reducing gene fiow between the two morphs‘

Ethologlcal |solatnon in the form of-assortative mating by lake males, is in effect
Lake males appear to use the black countershaded colour pattern (and to a lesser
extent, the larger size) of lake females as a cue for selectuve mating. '
Ecologucal and ethological nsolatmg mechanisms are not hkely sufﬂcneht to restruct
gene flow to the extent noted(i.e.; adult hybrids have not been féund). One or more _

postmating isolating mechanisms are presumed to be operating.

ar t
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