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The study of evolutionsry genetics deals with the causative factors
responsible for adaptation in natural pooulations. It deals with the relationship
beyween the genotype and the environment end how these two. factors interact throurh
the process of natural selection. The re=earch being carrded out on the three.
spined stickleback on the Charlottes is attempting to provide some understanding
cf these nrocesses. - '

From extensive samnling on the Nueen Charlottes, it has become apmarent that
the stickleback show an unvarralleled degree of morphological differentiation

. between some . of the fresh weter lakes, Where one would have to travel 2000km
in Burope tp met slight differences in adult size of the figh, a di<tance of 2km
on the Charleottes shows populations which are not only extremely different in
-adult size, but also in spine size, spine number, lateral ammour, and piementation
patterns, . For examvle, at Mayer Lake, 5km south of Port Clements, the stickleback
+are amone the lsrzest known in its world distribution reaching lenrths of up to
© 120mm 74,8in) while less than 2km awsy at Loon Leke, individuals seldom exceed
“50mm (2in), Many of these ponulations on the Islands are undisturbed ecologically
and thus allow an ideal opwortunity to understand natural species interactions
-and their evolutionary consequences, b -

Dr. G. BE. Moodie, werking at Mayer Lake between 1966 and 1969, found the

cutthroat trout to be one of the major nredators on the stickleback, and was
- able to show that the large adult size of the sticklebsck in this lake, as well as

the large spines, are an anti-predator response to the cutthroat.

I have examined a number of other lakes on the islands and ‘found that in

addition tc the cutthroat, numerous other predators also occur, These inelude
* the common and red-throated loons, the red.necked grebe, the kingfisher, the
' common merganser, and various invertebrate species including predacious diving
beetles, dragonfly larvae, and leeches, Sinee each of these predators hunts in
a different manner and utilizes different structures for capturing prey, - the
sthckleback have underoone adaptation in a number of different ways to reduce,
the probability of capture, For example, compare the hunting strategy of the cemmen
loon to that of the kingfisher. The former pursues ite prey in a2 horizontal plane
undér the surfsce while the latter hovers sbove the water and performs a vertisal
dive when its prey is seen, The adaptation of the stickleback to these predators
is quite different. With the loon as predator, there is strong selection faveuring
distinct counter dieding (dark back and white belly) for camouflgge in addition te
rapid’ swimming speed. With the kingfisher as predater, the best colesuratien fer
camouflage is a disruptive pattern (altermating transverse bands of light and dark)
in addition to an escape response fawouring hidimg characteristics rather than
rflight" as in response to the loon. It avnears that many of the differences in
the stickleback between the lakes can be sttributed to subtle changes in the
abundance of thece predators since nn two lakes on the island have exactly the
same kinds or proportions of the various predators. In contrast, the Buropean
stickleback show little differentiation between lakes owing in part to the continual.
disturbance of natural species interactions. The long history of introducing
vopular game species into almost every watershed as well as the slimination of
many of the fish-eating birds has tended to a uniformity and simnlification of
what wore vreviously diverse and uniaque habitats, The evolutionary response of the
Buropean stickleback has been towards mere and more gimilarity between watersheds
since the selective pr-ssures have brocome more uniform,

Within esch lake on the Charloties,tthere is morvhological variation in the
stickleback such that some individualg have shorter or fewer spines than the
averape, some have disruptive colourstion as opnosed to countershading, or in
other words, no two individuals within a prrulation are i“entical, This
cheracteristic is not unicue to the stickleback but has been found in every
species of vnlant or snimal that has been dudied. The reasons for this variation
within nopulations is one of the major nroblems in evolutionary genetics., It is
generally believed that most of the variation observed is either detrimental ar
irrelevent to the population. In evolutionary terminolosy, the individuals
poseessing the average cheracteristics have the highegst fitneass while these which
deviate from these characteristics hsve a progrescively lower fitness.



Evolution of the Queen Charlotte Stickleback (Cont'd)

The studice now being undertsken at Boulton Lake and Drizzle Lake are for
the purnose of determining whether all individusls within the population, both
the average and the varilant, have the same fitness, snd whether this variation
i1s advantageous to the population, The conelusions to date have supgested that
this is indeed the case and that the variation is an adaptive evolutionarm strategy,
The principle resgons for this are that each individual hds a unigue 1life history
and therefore slightly different adaptations. For example, in Drizzle Lake, some
stickleback fe=d predominantly on bettom fauna, while others fecd on wlankton near
the surface. Still others utilize food socurces nesr to shore in very shallow water,
Bech of these three feeding strategies result in different predator Interactiods.
The bottom feeder is exposed to invertebrate predators, the planktonic feeder te
the common loon and cutthroat, and the shallow water feeder to the red-necked grebe
and the kingfisher., Just as the stickleback have adapted between lakes to
differences in predators, so they have adapted within lskes., When examining the
colouration of the stickleback, I have found that besides considering the type ef
predator, it was also important to consider the time of day at which the predator
hunts, in addition to the amount of transmitted and reflected light in the water.
These factors influence the background that a predstor nerceives and this in tumn
alters the selective preesures acting on the nismentstion pattems of the stickleback,
A11 of the variation observed apnesrs to be the result of an exceedingly complex
pattern of species interactions and that ewen the most variable individual within
the vopulation is adavnted to its snecial 1life history.

It is unfortunate that so manvy of the ecosvstems remaining on earth's surface,
both terrestial and agquatic, no longer resemble what they were less than 100 years
ago. In .these it 'is no longer moee=ible to satisfactorily understand any natural
species interaction since the total species composition have becn dramatically
altered, We have barely begun to understand the natural history of such an
obscure fish a« the stickleback and have barely reslize? the number of gpecies
devnendent upon it., Looking at lumbering vpractices and industry, it is avovarent
thst we have not understoed the ecological or evolutionary consequences of

environmental deterioration to the life histories of almost all plant and animal
species. Much of this is due to the fact that very few studies have attempted
«0 look at the total biology for each spedies except for those which are eéonomically
~»relevant, = The evolutionary studies of the stickleback on the Charlottés 1n
s relatively undisturbed hsbitats has nrovided some understanding of the causes
rof variation in animal populations and hopefully will increase the aporsciation
of the comnlexity of aspecies interasctions in biolorical =vstems.
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Captions to Figures
Boulton Lake showing depth contours (d},
loating vegetation (circles) and generalized
distritution of submergent grasses{ vertical
liQes). Depth measurements made at 50 m
intervals on transects A-B, C~D, E-F, evc.
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Var n dorsal and pelwvic skeletal elements.
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&l spine phenotypes and associated
support bones. lst dorsal(D-1) and 2nd

dorsal {D-2) shown in common positional

relztionshit to specific vertebra, Categories
referred to in text incliude D-II{upper figure)

end D-I0(lower figure).

B, Pelvic girdle and spine phenotypes. Categories
include P-00(left), P-IO(center) and P-II (right).
vp~ ventrzl plate; ap-ascending or vertical
process, Reprecentative individuals we
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rigure 4,
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Percentage of males among individuals according to
total spine number, including dsrsals;‘pelwxcs,
and znal positicne., Com arison based on

combined samples for 21l fish greater than 30mm.
Percentage of males in relation to length

class and habitat. Shoreline positions (sguare),
central lake positions (dzamcnd} Dotted

line shows an equal sex ratio. All samples

from @977 Vertic line- one standard deviation.

Percentage of adult males 50mm; for month
o
and habitat. Shoreline gpositio nc(sq““re},

ke (diamond). Dotted line shows egual
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Fregquencies of pelvic veriation . separ
sex and length class, Full pelvis(sclid), half
pelvis(dotted), no pelvis (open)., Cne percent

equals 3,6 degrees of arc, Smaller circles
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central la¥e upositions in comparison to total
numbers of that phenotype captured (shoreline
+ central lake), Horizontzl dashed line

= indicates an egual distritution tetwesn
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Géneral istributicn of some predators,
G. immer (dazshed line) and l. alcyon(narrow

) show positions in which
diving was otserved. Relative abundance
of Aeshna, assessed from minnow itraps, seine,
and bentvhic Trawls, shown. &s common (solid sguarel,
occasional(triangle) and absent (open sguare).
Cbservations swmmarized from all years.

defer to Figure 1 for depth contours.



Tavle 4

Occurenee of predators on G. zculeatus in Boulton Lake.
gtuiestus ;

wanarized from all years of observation. (1) In 1576
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and 1977, thece species were abeent in December and January

due to ice cover,

Species . ’ Konth Daily No. Hourly
JFXAMJIJIASOND oceurr.  /day. occur.
/month /day
Gavia immer X X X X X X 30 1-3 24
Podiceps grisegenaT X X X ' X X X X 5=15 12 1-10
£. auritus _ X X X X 3-10 2 410
Lergus serrator:L X , X X X 35 2-5 1-5
Legaceryle serrator X X X X X X X 30 1-2 4=
Aeshna(larvae) XX XX XXX XXX XX 30 common 4

Dytiscus {(adult) X X X ? ? ?



Table 5

+

Swimarized results of predation experiments with Aeshna

and different size classes of fish, Submerzed pieces
¢f woold ceollected from the lake were placed in the

tanke providing a substratum for the larva, The eXxperiment
was carried out for z peried of 25 days, and all fish

replaced every 6 days with new groups(10 fish per length
e y y

class),
Tank Numbers eaten
15~25mm 30~-40mnm 50-60mm
A 30 1 1
] 28 3 4]
30 0 0
o

/° Of T.Otal 97.8 404’ lol



