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trlclads are characterrstrCally llllted by food durlng and

ABSTRACT

The triclad flatworm Dugesia tigrina (Girard) is

abundent in LakeuWabamun, a west central Alberta lake

'_enrlched wlth thernal effluent. A year's studyvvas carried -

out-at Lake Wabanun to 1nvest1gate D. tigrina's popylation -

ecology and the effect a thernally altered envrro ‘ent nlght

‘have on ug §;_ Data on reproductlve parameters, grouth and.

.i\
shrlnkage rates, tenperature relatious. sxze structure, and -

blomass uere collected. -

" Two hypotheses vere tested The flrst stated that

.

'rwafter breedlng. Food shortage causes shr;nkage of adults and

mortallty of yo?ng and snall trlclads, and thlS re—adjusts

the populatlon size to the pre—breedlng—level. Thls

»'hypothe51s 1s supported for populatxons 1n the thernally

altered and the normal lake habltats.

Through neasurements of growth, rlghtlng reactlon tlme,'

: and temperature preferences, D. tigr ;na was found to prefer

warm water above about 15° Trlclads.from both populatlons”

grew rapidly in sprlng and began to- produce cocoons.‘

,Breedlng 1nten51fled food ‘competition, cau51ng shrlnkage and

.mortallty._ ke Sprlng gain in length and blomass vas lost
Y

through shrlnkage, and autunn numbers of trlclads were

,u'ﬁ’

s1m11ar to pre—breedlng nunper%

The second hypothesrs.ptoposed a dlfference in

iv




reproductlve strategy for populations in the two
env1ronnents. The therually gnrlched region of the 1ake“was
thought to be more stable and constant, thereby reducing
density independentrmortality. The K- selectioh pressure

should then cause changes in the reproductlve strategy to

cope with the observed high numhers of Duge51a. The

thernally affected tr1c1ads were, contrary to theory, found

*to be twlce as fertlle as: nornal lake trlclads. Thls is o

| 1nterpreted as a population dynanlc effect due to mortallty'

'caused by mechanlcal weed harvestlng and other factors. No
dlfferences in reproductlve strategy betueen populatlons"

could be detected hence the hypothe51s is not supported.
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INTRODUCTION

Most ecologiéal studies of free-living flatwvorms have
fdealt with descriptive natural history of the organisns,
.;e.g. distributional :ecotds, da5criptions of new Species and
thelr habitats, studies of vertlcalrstrean zonation,
substrate, current, and telpérature preferences (see '
Boddington and ﬁéttrick 1971; Riser and Morse 1974). There
" are few triclad studies, especiallj in North. America, that
were designed to test hypbthesés‘abbut pattetns of
distribution and abundance. J

| In contrast, the British triclad fauna has been stﬁdied
extensiveiy‘by-T.B. Reynoldson and his students. Breeding,
fecundity, recruitnent, distributioh} and population size

structure have been examined for most British species

- N ‘ . . )
(Reynoldson 19609~1961, Taylor and Reynoldson 1962, Young and

Reynoldson 1965, Reynoldson and Sefton 1972). Reynoldson
‘foundtthat triclad numbers are regulated by intraspecific
conpetitioﬂ for food and do not flucuafe_greatly over the

R . \*"*Kx\_‘_—, . .
year because of almost continual food shortage. Triclads

,Shgink,vhen s}arféd this delays mortality and

'nunbets\§g§9€he conpl‘v ién fprifood. ansequently,:uany
'1oung gnq&§mr ; en'gdults'die ind'this fe%adjusts poéulation
' Size.‘aléé, interspecific competition for f&od is\thugHt to
t;stfict'the distribution and abundance of 1ake-dvelling
trlclads (Reynoldson 1966a). Addltlonal studles on food

refuges (Reynoldson. and Davies 1970), food overlap

-~

=D

Ly O
it

-
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(geynoldsodv?975);'recruitmeﬂgi(§e¥noldsone1966by, and"
-cempefitfon‘iﬂeynoldson 196u( Reynq}dson:and Bellanmy 1971
f1973)vsuppeft.fheSe,hypotheses{ B |

| Pi ﬂfavance:{EQSB 197 %8 1871h) staéiea an asexual race
of D. tigrina in Britian, vhere it is an immigféﬁt,~with
special atfehiion to D. tigrima's iife cycle,:fbod habits,
and~interactibn vith other speeies. PickaVance found that

populatlon size structure at the start of sprlng showed a
preponderance of large 1nd1vxéualsy but as asexual
rep:oduction occurred, the number of small 1nd1v1duals
.increased'ﬁntil intraspecific competition for.food'halted
repfoduegiop and caused shrinkage.'Predation.on'the asexual
race vas believed to cause over—wintervmertalitj,iamd this
reducegynumbers‘to pre’breeding LeVQLS.lThis’is‘in contrast
Lo sexuallf reproducing species where @o:taiiéy Ef
vtarvatlon of young ané small tric lacs is the‘impoftant
iacﬁot imfpo@ulation regulatien (Reyndlésoe 1960 1961 1966b,
Taylor aﬁd Reynoldson 1962). |

Seasonal Cchanges in chemical couposition and food

reserves of D. tigrine. vere studied by Boddingtor and

Hetirick €§“T1} for & Toronte, Canade, populationu The
) L . k \‘ ) N

sagunt of lyc-glycogen, & fTood ¥eserve, vas Ffoundé to

lecrease rapidly, as did triclad size, when nusbers verc

Tncreasing in the breeding season. The food reserves and

1=

vorm length Iincreased again in auvtumr, presumably after

portality veduced competition. They interpret this as

support mf’ﬁeyrmlﬂson‘s (%966&) hypothesis that population




vrsize_is regulated by food shortage.

Dugesia tigrina occurs from‘coast tc coast’ in North

America and into. South Ametica (Ball 1969), and it has
emigrated to Fu%ope~€Dahm 1655) . The northen ~1m it of its
range is not knovn, but it is found in southern Haine (pers.
obs Y s New Brunswick, Quebec, Ontarlo, Alberta, and British
Columbia (Ball 1969). Because of low sunEer temperature and
a short 1ce—free season, T suspect that -g_51a praobably

does not extend far into the boreal forest zone. My study,

‘therefore; 1s on a populatlon clese to the northern llmlt of

-z

its dlstrlbutlon.v~

Dugesia spec1es are warm- water Spec1es- They generally
requ1re hlgher water temperatures for successful breedlnq
than other triclads (Ru551er—nelolme 1965, Reynoldson,

Young, and Taylor 1965). Duge31a has a greater acclimation

capacity for higher temperatures and a longer righting

reaction time at cold'temperatUrevthahfother triclads
{Chandler'1966). Consequently, D. &iﬂiiﬂé is usually
excluded from colid headweters of streams (Chandlef f966;
Pennak 1953) and is mainly found in lakes and slow streanms.
Triclads are predaceous upon damaqed or éylwg
1nvertebrates” which cannot escape from fne silow— movlng
triclads. The flatworms are attracted Ly nody juvces or
”struggllng" behavxdr of damaged prey. Triclads may rest in
sheltered areas, such as under rocks., for long periods until
attracted to potential prey, or they may begie a cruising

activity in order to encounter their prey. Peeding is

~—



communal and results in a large number of triclads covering

the prey. If. a triclad is starved, it will shrink. The

process is easily reversed when the animal can again consume

‘adequate food. Shrinkage or, conversely, growth of triclads
~ over time, provides a means of ‘gauging 1ntraspec1fic
competition for food (Reynoldson 196&, Reynoldson and

ellamy 1967) « i | |

Little lS known. about the population ecology of native

North American triclads. This study represents one of the
first attempts to ‘gain suach knowledge. The study site is
Lake Wabamun, a thermally enriched 1ake in vest cenvral
Alberta. Since D. igrina is very, abundant in the iééé, I
felt that this would be an excellent ‘site for the study of
‘Dugesia's basic ecology and its reSponses to a thermally
altered environment. | .

The broad objectives of.the\study‘are twofold. The

first is to'gain basic knowledge of the reproductive ecology

and the effect of intraspecific competition on populations
"of D. tigrina. The second is to coupare reproductive |
parameters and_population characteriStics between a normal
lake site population and a population influenced by heated,
‘uater dlscharge. | | o

A year's study was carried out to follow changes in
population numbers, size structure, and biomass.
‘ReproductiVQ parameters measuTred gere fecundity, number and

sizeﬁof young, length of adults. at maturity, length and
‘f"f) .

tining of the breeding season, and recruitment. Basic




‘biological 1nformat10n-vas obtalned on temperature

- preferences, rlghtlng reactlon times, growth rate of young

and adults at. dlfferent temperatures, and shrlnkage rates at

different temperatures. L s

Two hypotheses vere tested. Therfirsthstates that
tricleds:conpete for food and that this competition causes

mortality of small individuals and shrinkage of large ones.

The mortallty reduces competltlon, "llow1ng shrunken

individuals to grow and reach adult size before they start

to breed the next spring. The appearance of young- 1ncreases :

‘competition until mortality re-adjusts the populatlon to its .

food supply. The.hypothesis can'be‘supported if 1) shrinkage
is observed efter breeding; 2) the percentage of adults .

increases in spring and then goes down; 3) numbers increase

‘through bneedinp and then decline to pre?breeding levels.

The second hypothesis,concerns differences in
reproductive biology_betveen the tvo populations in the
context‘of r— and K- selection; ThlS theory states that

ertaln predictable changes will occur in the reproductlve
strategy of a species according to the degreée of den51ty—
dependence Of'mortality factors (éianha 1970, Gadgil and
Solhrig 1972).. Species‘or populations existing near their
carryin§ capacity (K) for long periods usually experience
high densitf—dependent mortality. Theybare often found in
stable, constant environments. Competitive ability, rather
than a high rate of increase, is selected»for. Species or

populations occurring in environments imposing high'density—



'independentlnortality will'oféen be below carrfing capacity.
Selection will favor a high rate of increase (r);'Organisms
under r- selection shouid allocate a greater proportion_of'
their energy or resources'to‘reproduction‘than.ﬁ— selected
organlsms (Gadgil and Solbrig 1972). |

" The thermally affected regions of Lake Wabamun were
vthought to be more stable and constant than the normal part
of the lake,.which freezes'over. Tnese regions shouldhbe"
protected from harsh envxronmental condltions that may

create den51ty-1ndependent mortallty in the normal 1ake.”A

varm-vater spec1es, such as Duqe51a tigrina, shfuld be able

‘to function all year and breed for longer perlods in the

'_heated region. This should increase competltlve pressures=

. and K~ selection. At lov winter temperatures in the normal
lake, D. tiggina does not move or feed Very nuch. They also
have'adshorter'summer'breeding season. This population
should be more r—~selected if den51ty-1ndependent mortallty
is- greater in the normal lake. ‘ |

The degree of r— or K- selection can,be‘evaiuated
:vthrough several population characteristics. The K—‘selected
Dugesia are hypothe51zed to have a low fecundlty and
‘recrultment, larger, more competitive young, fewer young per
cocoon, and’a greater length at maturity (delayed maturity).
Dugesia that are r- selected should have high fecundity and
'recruitment. snaller young, more young. per cocoon, and a

shorter length'at maturity (Pianka 1970) -
. S CNC :



~“DESCRlPTION OF THE STUDY SITE
_ The ‘Heated Water Site ‘
'The site chosen for studylng the ecology of D. __g__n_ .
is'Lake Wabamun, a large‘moderately eutrophlc lake (Figs. 1
and 2) . It is 6ukm vest of ‘Edmonton in the boreal-parhland
transitioh-zone.vThe length is 19.2kn; the meanhuidth'ish‘
4.3kn; the hea& depth is S‘Qm. Due tO’the prorinity‘of
strlppable coal, two thermal electrlc generatlng statlons,‘_
thCh use lake water}for coollng purposes, ‘have been bullt - ff»
'on the lake. The . Wabamun statlon 1s on the north shore near
-the hanlet of Wahanun; 1t-began operatlons,in_1956.
Dlscharge of heated vater from the statlon keeps a'large
area. of Kapa51w1n Bay ice-— free in wlnter and elevates the
‘water temperature throughout ‘the yearlf%hls ‘has caused
substantlal changes in the uactophyteQ;ommunlty comp051tlon
(Allen 1973) and 1n the abundance of animals and plants. The
greater prluary productlon.causedvby 1onger;per10ds of high
- light levels andvthe elevated tenperatures createsna large
increase in-bionasspover/unaffected areas-of the lake.
Nuisance growths of Elodea cangdensig»and other macrothtes
- forced. the Calgary‘Power Conpany to initiate a weed
harvestlng program in 1972 (Gallup, Hickman, and Rasmusseéen
1975) . ‘A number of recent studles have examined the effects
of the-lake's thermal effluent on macrophytes (Allen 1973),
phytoplankton (Hheelock 1969, Noton 197&), eplphytes (Klarer
1973), rotlfers (Borkan 1971), and wvhitefish (Ash 197&). q

The Habanun pover plant draws 1ts coollng wvater from
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WABAMUN

POWER PLANT

POINT
ALISON

m STUDY SITE

*HARVESTIN_G SECTOR

KAPASIWIN BAY

Figure 2. Map of Kapaclwnm Bay w:Lth study site and
macrophyte harvestlng sector.
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the lake through an inlet canal and discharges the thermal
effluent through an outlet canal into Kapa51w1n Bay. The two
canals are separated by’ Point hllson, a juttlng, hooked
\moralne. The p01nt forms the uestern end of the bay and
tehds to shelter some of the bay fron prevalllng westerly
wiugs. My sampling 51te vas chosen at the extreme end of the
point, at the only place offering a hard substrate and
shelter from wave actlon. The Point Alison heated water site
and its triclad populatlon wlll hereafter be de51gnated PA.
The littoral substrate 15 of sand and rocks, but

rapidly changesuto ooze farther from shore. The emergent

macrophytes Phragmites and Scirpus validuS‘growfnearby and

the submersed macrophytes.Potamggeton-richardsohii and 2.

zosterlformls grow from the ooze substrate; P. pectipatus,

‘h Elodea canadensis, Chara globularls, and Myriophyllum
exglgesc;ns are other4important-bay‘plants. All of the
’rooted ?lants:ptovide substrates fqr Q;:tigring. }

' The mouth of the outlet canal is about 250m to-thei
east. The heated uater‘that’flows out can be 8° above
ambient water temperature in the.summer'and 199 above
ambient in the winter. This vater forms a plume,that'rests
‘on colder water belou, resulting in a sharp drop in
temperature below the first‘metere The heated eater is orten
supersaturated with oxygen,‘whilelthe normal lake waters
rarely exceed 100% saturation (6allup and Hickman 1975).

Wlnd exerts a great 1nf1uence on the shape and p051t10n

of the: thermal plume and consequently the ice free area

e
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(Horkan 1971, Nursall and Gallup 1971). Westerly winds
preévail and usually blow the plume into Kapasiwin Bay.
Easterly winds are common, and these tend to blow the plume
toward Point Allson and the inlet canal. The PA study site
has not been obFerved to freeze over. -

The shorellne area. is subject to blanketlng by stagnanti
masses of dead plant matter. In summer and,especxally ‘
autumn;lat the time of macrophyte;die-off, partially
decompOSed plants are washed against the sboreline vhere -
they plle up on the bottonm and cause the emlgratlon or death
of trlclads. Young trlclads in cocoons might be asphy11ated
when the bottom lS covered wlth these decaying veeds. On
January 17 dlssolved oxygen was 3.9 ppm within the mass of
plants and a dlstlnct sulfer dioxide odor was detectedLﬂTne
absence of tricladskfrom*the site undervSuch conditions_

forced me to ‘use alternate means of sampling on several

- occas:.ons.

The'Normal Lake Site :

.The normal lake site is . 1ocated about 11km from PA at
another juttlng moraane known as Fallls P01nt The sampllng
site is located about 100m off the end of the point, in
.shallOH vater (1.3m). The area is unsheltered. from vaves.
The substrate is sand,'rocks, and'snall pieces of coal.

Common plants are Scirpus, Potamogeton, Hlppurls valgaris,

and Chara. The blue green alga Nostoc often covers the

-rocks.
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Y This slte is fairly inaccessible. There is about.1km of
- private landﬁbetveen the site and a public boat launching
site. The 1andowner klndly gave perm1551on for access durlng
autumn‘and vinter sanpllng trlps, but most summer visits
verevby boat. It was necessary to use SCUBA gear extensively
atfthis.site.'ﬂovever; after thenvater level had receded’in
autumn it was possible,’vhen the vater was calnm, to.reach
the site by wading out in chestlwaders.-ﬂeavy waves often
severely hampered or prevented sampllng.

ThlS 51te vas chosen when, after a search of the Fallls
area, a s1ngle Du gg51a vas "found near the shore in- ﬂay.
.'Repeated searches of the shorellne durlng the summer never
vrevealed any more triclads. Wave actlon may be respon51b1ev'
nfor thelr absence, although it was the 1ee 51de of the p01ntA

being searched. Interactlons wlth the abundant leeches may *

- inhibit“Dugesia's'presence along the shoreline, Dugesia was.

never observed on plant substrates. The main. concentratlon

" of triclads was. nnderneath rocks in deeper water avay from

"‘the;shore; The normal lake site atvFallls Point and its

triclad population is hereafter referred to as FP.
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_ METHODS

Field samples were taken from Narch 1975 to March 197s.
__Tenperature datatand vater chemistry sanples vere.collectedl
over the whole span. BlOlOglCal salples vere taken at PA -
“from March to Harch and at Pp from May to November 197s.

eTenperature was measured with a hand therlometer and a Ryan

‘model D—30 recordlng theruograph. Dlssolved oxygen samples

‘were analysed by the Alsterberg nodlflcation of the Winkler
"A'Hethod (A.P.H.A. 1971).'water samples vere either frozen or
analysed Hlthln 2# hours. " Paraleters neasured vere
conductiv1ty, calcium and total hardness, phenolphthaleln

~ and total a allntly, pH, and turbldlty. These vere analysed

,o Standard Hethods {(A. P H.A, 1971) in the vater
flaboratorj ’ “the Department of Zoology, Unlver51ty of
Aiberta;" | | »
Quantltatlve sanpllng of. trlclads is dlfflcult because
these soft-bodied organlsns are ea51ly danaged or destroyed
Consequently, the brlck sanpllng nethod of Young and
'Reynoldson (1965) was enployed.1Art1f1c1a1 substrates of
lbulldlng hrlcks, each 20110x6cm, vere placed in the water,
and these were colonlzed by trlclads and other aquatic
organisas. Brlcks were generally placed in rows, with about
o a neter between bricks. Properly conditioned btlckS should o
7d1ffer little fron the natural rock substrate found at each

~51te, and they wvill glve a seni-quantltative measure of

abundance.

1

ro test whether all sizestof Dugesia vere equally
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attracted to thé bricks, rocks were narked'with paint ahd
returned to the lake. Marked rocks vere sampled at the same
time as the bricks. Student's t-test (Sokal a:; Rdlph 1969)
was_used to compare mean length betweeh fhe triclad
population on bricks and rbcks. Tvo tests of PA data yieided
t=1.347 (p<0.2) and t=0.718 (p<0.5). Two tests of PP data
gave t=1.347 (p<0.2) and t=0.995 (p<0.u); Hence, there seens
to be no size difference betveen}populatiqns on bricks and
natural rocks.' | | |

The sanplin§>procedure‘consis£ed of retrieang a brick
from the bottom and carefully bringing it outléﬁxugter.
vSince tricl&ds,;eneraliy adhere firﬁly to sugsttates.via.v
mucus and cocéons are cemented to/gﬁbstrateé, few, if any,
triclads were lost when the bricks weré#retreived. Lossés‘
may be larger at FP because of the Qeeper yatér and
retrieval by SCUBA, but the loss should be consistent each
time. Triclads vere tré?sferred ftom the bricks to a jqr.
~ with an artist paint brush. Cocoons ﬁere cﬁt‘off at their
‘stalk with a penknife and placedvin the sanme jar as ihe
adults. Avsanéle size of between 100 to 200 Dugesia will
abproiinate a‘nornai distribﬁtion of size claSS'frequehcies
according tO'Kollogorov-siirnov tests for normalidy.f
_ uacrophyte samples were taken at PA. The plants vere-
broken off and traniferred to plastlc bags or jars. Trlclads
vere plcked from the salple 1n the 1ab- the uacrophytes were

7.1dent1f1ed drled, and velghed Trlclad numbers are per gran

'dny weight of plant. | : ) _ /
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Samples were. taken monthly, excepf in summer months,
vhen an approximate iwo—vpek‘schedule vas follawed, As many
triciads, cocoons, and young as possible were réhurned to
the‘lake to avoid oiér«saqpling'and altering the population.

The recolonization of the bricks into a reprdﬁéntative
s§n§1e of the population was tested to determine whether
recolonization would occur in the 2 weei niﬁinum span
between samplings. Seyeral experi-ehts were run at both
sites. Bricks were rettieied, the animals on them were
counfed, and then the animals were released into the wvater.
The bricks were returned to water at least 20m or more away
frgm their original position. After a varying number of
days, thé'bricks vere again retrieved'and the numbers of
’triélads counted. Data from a 5 day tesf at PA were tested
fqp,difference in numbers per brick by the Mann—-Whitney U
test (Sokal and ﬁolph 1969); There was no difference in
nusbers after 5 days (U=16; p>o.05).'a 1 vweek test at FP
showed'no.diffétenceA(U=9; p>0.05) and & 2 week test showed
that there was a difference (U=16; p=0.65). However, these
~bricks kere more dense1y popu1a£ed after being moved 20 h
away to a prev1ously undlsturbed site. I conclude that 2
-veeks is an adequate period to prov1de for full
recolonization.

The nacrophytes and filalentous algae die off in autuun'
at. PA. Thls mass of plant debrls covered the brlcks from,
November until uatch._SOue bricks were noved to a clear site,

durlng the Novenber salple, but they were covered agaln in
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Decembefj In Januaryv some bricks wéye moved,around the end

of “the p01nt to where wave action kept the substrate

cleaneru fhese vere colonlzed by Februaryu An increase in

numbers per brick seen in;ﬁarch is attributed to poving the
v ) - e -
sricks from the sandy substrate to a rockier substrate which

increased- the brick éurface available. In October, the
. v L - ‘
brickS-were‘fo&nd‘embedded in,sané an& partially veed
covered, Probably w1wd actlon and human activity are-
responsible for the embedd;ng. When brick samplec could not

Fbe Obtéined; triclads were collected from macrophytes,

) .

| rocks, and sweep-net samples cf bottom material.

I ekpérimented with a wipter sampling techmique to
retrieve bricks. thro“gh the ice at FPu Groups of three
bricks were tied with string- to stakes acting as ffﬁgiu uith
their ends out of the water. The stakes should have been
iViSible-avae the ié@ and snov. Unfortunately, heavy waves,
boct motor failure, and no nndet&aﬁ@f visibility bampeted

The long strings allowed the stakes.to lear in the

vater and only about 20cm of the stake was visible. Further

W
o)
b
o2}
<
o
&
=¥
-
¢

Geclines in lake wvater level uwzy have

cuatvion. Heither stakes nor & bucy could he Iontad witer

and spowfaill in Decenber. Sauppling at ©P was

in January 1976 after another gﬂtile sttenpt to
N e

lads vwere peasured to the nearest O.5aw while
glzding norwally in a petri dish placed over fawm graph

el Ta
o) i

Cocoon diaweters and young triclads hatched in the
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laboratory were measured under a dissecting microscope to
the nearest 1 unit of an ocular micrometer for cocoons and
to the nearest 5 units for young triclads. This correspénds
to an accuracy of roughly 0.05mm and O;umm respectively. Dry
weight biomass was determined after drying individual
animals on preveighed circles of alqminum foil for 24 hours.
"Welght was ﬁeasured to the nearest Q,Qng on a Cahn
electrobalance. |

The state of sexual maturity was determined in three'
Ways. 1{_Triclads vere measufed, fixed, and cut into 7
micron sections. The sectidns‘uere stained with Erklich's
haematoxylin and eosin. The slides‘were then examined for
the presence of sexual structures such as the bursa or the
penis papilla. 2) IAeiamined the posterior part of a |
triclad, vwhich was gently squashed on a microscope slide,
“for the presencé of Sperm, bursa, and penis pdpilla. 3) Live
Dygesia éerehvisually‘examined from their ventral side.
Sperm, if preéentg shows up as vhite lines flanking the
pharynx and joining at the penis. An animal vwas judged to be
matere if spern or sexual organs were preséntm Specific
methods #elevant-%o other experinents will be be described

vhen the results of the experiments are presented.

!
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RESULTS

Hater Cheﬁistry

Water chemistry daté are plotted on a monthly basis to
show seasonal trends. Dissolved oxygen showed little
seasonal trend (Fig. 3). FP values were always above 6 ppnm
and generally were'soméwhat higher than Pa vaiues. An
excepfion vas the April PAa value, thch was much higher than
FP. PA §aldes flucuated markedly with a nadir of 3.§'ppm,
occurring in November after a period of macrophyte‘die—off
and decay. A hore.prominentfseasonalitrend is apparent when
‘ pé%cent saturation data are considered (Fig. 3). FP values
w;re lowest during late winter hefore ice break—up. Percent
satﬁration rises to a summer paximum and then declineslagain
ﬁnder the ice. PA value flucuations were due to movement of
" the thermal plume. The lowest saturatlon,"31%, occurred in
November during weed decaye |

The lake water was ‘alkaline and pH ranged from 7.6 to
' 8.8. The pH values were similar at the tvwo thes throughout
the year (Fig. 3). An exception was the difference in Apfil,
vhen the lowest pﬁ value for FP oécurredm After ice break-up
in early Hay, pH increased as it already had at PA. HMaxinunm
PH occurred in June and then it declined slightly. The June
max1ma may be correlated w1th high primary product1v1ty
whlch increases pH through the liberation of carbon dioxide
into the wvater.

Except for April,‘conductivity’values vere similar at
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héth sites. Condugtivity vas maximal from August to January
and then declined in sering and early summer.lTutbidity vas
not determined in March, 5975; succeéding'values show that
- turbidity can vary'widely; Highest values 6ccurred‘in'April
and summer, vhile thére'seehed ﬁo be a decline in autumn ;nd
”uinter; Phenoiphthdléin alkalinity is zero whenever the pH
is 5elow 8.3; ﬁence there were many'Zerovvaluesiﬁhrodghoﬁt
the~jear. FP and PA values fqr tOta17§lkalinity were
simiiar, exdept for April énd June. Alkaliniﬁy was lowest in
| spring and‘summerpanalﬁigﬁest during winter. Cai¢ium
hardness was'generally lovest in Spring aﬂd highest from
Au§?st on th:ough winter. |

| Thé vater éhemistryvstddyvindiCates thét Léké Wabamun
is An_alkaliﬁe, fai:ly'productiVe, lake and~supp6:ts the
cléssification of Lake Wabamun as armoderately eﬁqrophic>»
lake (6allup and‘ﬂicxmaﬁ 1975). Although the lake is
moderately eutrophic, oxygen content is’géneraliy’guite
high, except perhaps lbéally:énd-temporarily at Point

Alison.

Tempeféture’

Seasonal changes &n surface vater temperatures féllowed
the same pattern at‘both éites (Fig. 4) . Yearly temperafh:e'
‘Change HAS'ZSO at PA and\20°_at EP. Winter'temperaﬁures wére
low and gonstant'qndér_the ice:at FP. Ice genera11y>covers
the non-thermal areas froﬁ'becembér to‘April. After-icé

breakfup'in early May, the'temperature,at_first rose rapidly
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and then more slowly, to a maximum of 206 C in July.
Teﬁperarures Start‘deciihing/in-August‘and again reach a
minimum in late November when ice starts to form.

Seasonal change occurred in the thermal area at'PA; but
winter temperatures are more rariable than at FP. Early.
spring temperatures wvere quite-high and slow1y rose to a
maximum of 30°, recorded in July. Temperature slowly
- declined inbautumn,vbutvremained relatively high when
compared vith FP. At PA, winter temperatures flucuatev
accordlng to the p051t10n of the thermal plume. the 1oﬁest_

vinter temperature observed being 59.

Macrophyte Harvestlng
The discharge of heated uater 1nto Kapa51u1n Bay has
resulted in changes 1n‘the aquatlc macrophyte communltlesl
(Nursail and Gailup 1971, Allen and Gorham 1973)..nany |
_ macrophytes develop large standlng crops durlng the summer

and can 1mpede nav1gab111ty of boats. Elodea canadens1s

often breaks off from 1ts roots and forms large floatlng
1mats, vhlch can be blown ashore creating a nuisance for
-cottage owners. In 1972, a management program was ;nltlated
'in‘an-effort'to control these nuisance growths by mechaaical
harveStingvand removalbfrom the lake. The number of metric

tons removed from the sectc ‘ 2}y and the total tonnage
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removed from the lake! were as follows:

Harvest in Grid Total Weeds Removed

/ngg (ﬁetrig Tons) (Metric Tons)
1972 1,406 1,543
1973 3,264 . 4,660
1974 | 1,148 2,064
1975 - 302 316

Large numbers of Dugesia live on the weeds that are
subjeqt to harvesting and removal. If large numbers of thé
popuiation are being removed, thé population may be beléw
the e&uilibrium size and éubject to r- selection pressures
instead of K- selection (Pianka 1970). pata uere col1ected
tovdefermine uhetﬁér Dugesia was, in fact, being removed by
‘harvesfing activities. |

* Hand grabs of maérophytés were taken from regions
around the quflet'canal and within the harveSting sectors,
which were marked by buoys. Harvestihg machines were also
observed to work near the shoreline, outside the sectdrs,v
whefe'they remove plants grqﬁing quite close to the PA
,sampling,site. I also collected the harvested weeds from the
unloading site on shore to determine_whether triclads were-
being removed rather than shaken off.during weed cutting.

Triclads and cocoons were counted and the macrophytes were

1 Courtesy Calgary Powver Ltd; (unpublished data).
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dried and then weigheﬁ.

Numbers of Dugesia and cocoons obtained from the
samples are shown in Table 1. Numbers per dry veighp gram
are given to allow Comparison beiween samples. Number Sf'
Dugesig per gram of plant before harvesting ranged from 3.7
to 47 (me&né19.9),’Number of Dugesia perAgram from harvested
- plants ranged from 3.1 to 11.8 (meap=6.8). Hean number of
cocoons per gram before harvesting was "13.8 and affer
h&rvesting u.B,cogoonS/gﬁ.jThe means from harvested weeds
were both apprékimately one-third of the preharvesting
means, but there is a 10% chance that this difference is due
to chance effécts (t=2.1; 0.05<p<0.1). There was ndb
significant difference in numbers of Dugesia or cocoons on,
thé plants before and>after harvesting (t=0.2, 0.08} not
‘siénificant). The possible reduction in numbers per §ram of .
‘plant may be due to inclusion of filamentous algae or
macrophytes from sectors where Dugesia is less abundant in
the harvested samples. Hosf of the triclads and cocooné on a
‘plant being harﬁested appear to be removed from the lake
along with the plant. My data indicate that substantial
numbers of triciads are harvested with these tons éf weeds,
and this must be a potent mortality factor for fhe D.tigrina

population in the thermal area.

Food Habits
Food of triclads in the field can be determined throygh

a serological technigque (Davies 1969); and this was used by



26

‘Table 1. Number and number per dry weight gram of triclads
and cocoons found on harvested and harvestable macrophytes.
Four harvesSted and eight harvestable samples were analyZedu
N‘number, xX=mean; S= standard deviation.

r~ L8 T - I |

| | N I N/gm |
ok + 1 1

I N l o

| HARVESTED | { |

| | | |-

§ Triclads | . |

| N | 229 |

1 x t 57.2 | 6.8 |
I : s} 49.9 | 11.6 |

| Cocoons - B | |

| N | 122 ) |

{ x | 30.5 1} 4.8 |
‘l s | 11.6 | 2.8 |

I [ | |
.| HARVESTABLE | | {

| - | i |

| Triclads | - N | -

| ) N | 408 § |

| x | 51 | 19.9 ¢

| _ s |} 43.8 | 16.8 |

| Cocoons | | f

| N | 252 | 0

| x | 31.5 | 13.8 |
'| s | 30.6 | 11.6 |

| | - i

S 4 ¥ | ‘I .
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Pickavance (1971b) to determine ihe'diet of ﬁritish D.
tigrina. Since knowledgoroflg.AL;g;;gg's diet was not
central to»my Study,'this costly téChnique was not used. Two
othcr methods of investigating Dugesia tigrina's diet~wefe
utilized- Setal remains of oligochaetes can be detected in
squashed triclads vhen scanned under a microscope. Potential
prey can be offered to Dug951a in the 1aboratory to see
wvhich prey are consumed.

Thirty six PR Dugesja from July ahd August collections
vere squéshed on micrOscope,s;&des and each squésh vas
examined for the presence of oligochéete‘setae. Twelve
 positive squashes were found 1ndlcat1ng that 33.3% of the
Dugesma had recently fed on ollgochaetes. Although setae
could not be a551gned to oligochaete genera, stylaria is a
- common ollgochaete found among the macrophytes, and |
Lumbglcnlns is a comnon bottom—dweller at thlS site.

TVenty two squashes.were made of July FP'camgies, but
onlyvtﬁo'(9.1%) wefc found ﬁo:contain setae. olioochéetes
are less abundant a{ Fp and ate répresénted by Lumbriculus
'ahdoNais. Géllup et al (1975) report ‘summer averages of.
729.6 ollgochaetes /m2 . from the thermal bay and 68. 3/m2 at
'vFalllS Point. They'were collectlng tubificids, and the data
cshow that oligochaetes aro more abundant there fhan at
Fallis. Dug951a seem £; have re3ponded to this abpndance by
tfeedlng more on ollgochaetes at PA. \

Various undamaged potential prey itenms were offered to

groups of Dugesia to determine which items could be



consumed. Recently hatched pPhysa (Gastropoda), which are

about 2mm in length, vere eaten. Larger Physa were not so
easily taken unless damaged. Several Stylaria were captured
and cqnsumed; but Lumbrjculus often avoided capture; a tcm
long leech, Helobdella stgggglig, was eaten.‘Prey that can
be captured after entanglement in triclad muchs or weakened
by other factors include ephemeropterens, Daphnia, Gammarus,
and Hyalella. These results support the more extensive work
of Pickavance (1971a), who conCledes that "D. tigring has a
.very catholic,_opportunistic diet, full a&vantage being

taken of the yeung, the old, and the weakened."

/ Temperatﬁre Relatiqqf

Kndwledgevof Dugesia's reaction tégﬁemperafure is
useful iﬁlunderstanding its geographic distribution,
seasonal movements in the littofal zZone, feeding, breeding
season, and reaction to thermal effluent. Several
experimenfsywere conducted td»iﬁVestigate D. tigrina's
fighting reaction, temberature preferehces, and rates‘bf
growth and.shrinkage- A furthef‘objective was to 1ook fer

dlfferlng reactlons to temperature between the norlal lake

populatlon and the heated water population.

Righting Reaction Times
The time taken‘for-a triclad to right itseif after
belng turned over onto 1ts ‘dorsum is known as the rlghtlng

, reactlon tlne (Chandler 1966). This time is affected by

i
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temperature and reflects the animal's ability to function in
its environment. A triclad that is adversely affected will
react slewiy, My experiment was conducted on June 2 using
large Dugesia reserved 10 days earlier for a fecundity
experiment. Four beakers containing five triclads each and
two beakers with four triclads each were maintained at each
of the follovihg temperatures: 59, 10°, 159, 20°, and 26°.
Prelieinary data on unacclimated animals revealed high
variablity; hence an acclimation period of ten days was
allowed. This is consistent with Chandler's (1966) use of a
14 day acclimation period. Each individual was turned over
with a metal spatula and timed to the nearest 0.1 ‘second,
except 1 second at S°.‘The righting was judged to be'
complete when the teil again touched the substrate.

| Righting time (Fig. 5) was faitly cbnstent at about 7
seconds over the range 15°;to 26°. Below 159 there was a
m'sharp increase in righting time to about 50 seconds at 5°.

‘No differenee in tesp0nse was apparent between the two
_populatlons. | ‘ | | |
Chandler (1966) found that the rlghtlng time of Indiana

D. tlgrlg was quite constant at 4 seconds from 11° to 31°.
Below‘11°;‘the rlghtlng tlme increased sharply, to over a
mipute.at 1°;.The results of these 1nvest1gatlons shovw that
Dugesia'e movement is not inhibited by temperatures above

»

- 1o and that lower temperature strongly 1nh1b1ts movement

-

.Plckavance (1971a) reports that feeding was- 1nh1b1ted at

‘temperetures 1ess than 60 and this appeats,to be'due to the

r
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reduced mobility at low temperatures.
Tenperature Preference

T¢ deternine Dugesia'’s temperature preferences, I used
a pléxiglasé temperature gradient tube, which wds 140cnm
long, 4.5cn diaméter,‘ahd narked off in Scn sections (Fig.
6) - The"eﬁds vere sealed with‘;ubber stoppers. Holes were
drilied at intérvals élong the top to allow insertion of a

thermometer. The 5cn regions were numbered from '1-28, left

abe vas filled to half its

to right, hot to cold. Thei
‘diametei wifh uater;»and vhen set in a trough, the trough
~uater rééche& the same level as the tube water. The trough
vas nade of plexiglass and divided inrto three compartments
by tvo partitions. The tube was set into semicircle cutouts
in tke pa:titiaﬁsc Hot water from a water bath was
cizculated through thegieft trough compartment. 1 e
refrrgerating coil coocled the water in the right hand
conpartnent. The middle compartrent vas untre-ted. 2
tenperature difference of at'Eeast 25% betueen ﬁhe two ends
of the tube could be obtaiped. There vere tuc nain

difficelilies vith thig

difficuit to count the when vision vas obscured by
condensed vepor in the tube or refracted by the vater and

plexiglase. Secondly, the tube did not present a utuiforn

hasitat fcr I

degian. Yriclads charscteristiczlly seol
sheltered places. The tube's rubber stoppers provided a

shelter spot becawse they vere cpague and at right angle to

N,
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the tube. Two additional shelters were caused by the clear
plexiglass partitions that support the tube. The partitiohsy
created a shelter effect at the boundary of regions 9 and 10
and at 19 and 20. Triclads tend to congregate at these
shelters and this.is‘apparent_in some of the histograms that
follow,

Test #1-- Dugesia from the PA warm vater site were

{ésted for high and low ﬁemperature preferences. Fifty
triclads were placed in the middle of the tdgg in 22° water
and cooling power vas supplied. fhe shelter effect of the |
rubber stoppers is obvious here as there were 15 Dugesxa in
region 1 and 10 933_51a in reglon 28 (Flg 7A). After 10
hours of cooling, the temperature in #1 was 25° and 6.65 in
#28. Those Qggégig in the cold end remained the;g-as the
temperature dropped, and they appeared paralyzéd. Hany vere

lying on their sides or dorsum. This arrangement was the

initial Q?u%ition for the next test, vhich attempted to
neasure héat in;oleraﬂcea |

Eggi—ﬁg—- Refrigeration was furned off and the heat
izput turned om. After 12.5 hours, all the triclads had left

the heated end and many animals are at the right hand

stopper in 22° water (Fig. 7B). There vas a large number of

SN
e
7T

Dugesia at‘the partition she1ter of region 9-10 in 33P
vater. The wvarmest available water was 36°. The shelter
response" apparently is stronger than any undesiraple
effectsrof 339% wvater, so I conclude .that Dugesig can

‘tolerate 339 water. PosSibly even higher temperatures may be
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tolerated, since there were two triclads in‘warmer water
below region 9.

Test #3-- A test of low temperature tolerance was
carried out nexfu'ﬂeat was decreased and reffigeratiqn Was
turned'on in- an attémpt to drive the gggg§;§,from the‘cold
end. The initial distribution is shown in Fig. 7B. After 4.5
hours the intermediéte distribution was ohsérved‘(Fig; 7C) .

Most animals had left the cooling end and there was some

~clumping at the partition‘Shelters. The -coolest water in

which DUgésia remained was 21.5%, Several.animals had
foiiowed‘the 330 témperature to regioh 1;‘The £inal
distribution after 7 hours is shown in Fig.(7D. Host Dugesia
were at the stopper in 32° watér, and thefe vere several at
thélwarm partition shelter in 289 yater. There vere no
triclads in water colder than 21°.

Dugesia from PA tolerated water temperatures between

about 35° and 17° (Figs. 7B and C). Whén given a choice,

they seem to prefer vater of 25°9-33°. Further testing could -
perhaps give more precise Values;'butkthese data do indicate

that D. tigqgripa is a warm-wvater species, can be

‘incapacitated hi‘short term exposure to-lowvtemperatures;

and are not affected by short term exposure to high

'temperatures assoéiatedrwith thermal effluent.

Test #4-- Dugesia from FP, the normal lake ‘site, vere
tested in the same way. Fifty animals vere put into the
middle of the tube. The tube water varied from 19°-31° and

was 249 in the middle of the tube. After further heating and
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cooling for 12 hours, the distribution of triclads was
determined (Fig. 8A). Many had clumped in the region 9-16,
in water tempefature of 22°~29°. Two Dugesin were in varmer
water, up to 32°. Many were in the coid Tegion at.8.u°.
Rathér than a preference'for verj cold water, this is .
probably a result of several Dugesia‘going to the sheltered
end when it was initially at 19°. gggggig‘frequeqtly,failed
to mbve out of slowly cooling Qéter. A
1g§§_§§-4 The inactiﬁe triclads from above region 19 in

- the previous experiment vere moved by puéhing them with a
smali spatula into region 19, which was aﬁ 2009, In this
region, they again becane activé; After 1 hour, £he
distribution and temperature uére recorded (Fig. 8B).
Dugesig vas stiil clumped at the warm partition shelter

- (28°), but none’in Jvarmer water.rﬂany tfic1ads that were
ﬁoved to region 19 stéyed there in water at 200. Some
‘tfiq}ads moved back to cooler Qater, probably immediately.
This water continued to cool over fhe hour to 10° at region
24. There-éere only three animals in water colder than 100,
FP tricléds seéh to‘prefer.a‘loﬁ températuré of 156—200, but
will toleréte tenperatures as low as about iOO.

Test #6 A final teét vas nade oﬁ 50 FP Dugesia put into
25°‘water, in a fube‘having a steep temperatﬁre-gradient in
it,’After\1 hour,‘therdistfibution Was obsefved (Fig. 8C).
lost Dugeéig clustered in the temperature range of 210—2901
‘although séveral Wwere at 32° and,éqme at 99-120. I conclude

that FP Dugesia prefer vater at 20°-309, but will tolerate

e i T A
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vater temperatures down to 10° and.up to abomt 320,

In summary, Dugesia from the warm habitat prefer water
about 5° warmer than those from. the ndrmal lake habitat.
 Both popﬁlations‘will not leave a shelter spot in 33° water
nor will they often stay in warmer water. When given a
choice of several temperatures, the lower limit of tolerance
is about 17° for PA and 10° for FP, of course in the lake,
both populatlons must tolerate much lower temperatures in

winter.

Growth and Shrinkage of Adults

| Rates of shrinkage and growth at 20° and 30° were
‘measured for laboratory populations collected at PA. Apinals
vere kept 'in beakers or bowis, vhich were cleaned‘ueekly.
The 20° populetipns uere‘kept on a lab bench and the'30°
Populations were maihtained in a mater bath. Sone
populatlons vere fed equal portions of earthworm meekly and
others were starved.

For three’populations,_the shrinkage rate for starving
triclads at 20° was 1.0, 2.0, and 2;6 BmR per month,
Shrinkage proceeds at 4.8 to 5,é nn/nonth for tziclads
living at 30°. | |

Vhen a 20° population ¥vas fed veekly, the anlnais greu
at a rate of 1. 3 nm/nonth. However, aniraic fed at 300 did
not grow; instead they exhibited net shrinkage of 1.4 to 1.7
mm/month. The 309 animals-may.not receive enough food anergy

to counteract the euergy lost through increased reSpixetory

ra

4o

-




. e

rate at the high temperature. Even if each triclad filled
its gut entirely at each feeding, one meal a week may not be
sufficient to supply the needed nutrition.

In the lake, the elevated PA temperatures will
contribute to the effect of food shortage by acéelerating
shrinkage, which in time will lead to greafer mortality;
Growth will be slowed if food eneréy'is lost to increased
resPirétiQn. Hater of 309'or more does;not occur for long
periods at PA, but water is above 20° for mach of' the

summer.

Growth of Young

| Growth of hévlyuhatched young was examined for
aifferehces in rate'of'groﬁth between youﬁg’from the two
sites. vadiiferenCes in growth rates could be detected,
thié would indicate some inherited adaptation for more
efficient functioning’at the tempefaturéé_likely to be
encountered at each site. Young Qere'grown for 5 months at
10° or. 20°. Although no yOuné in the field would neCeséarily
begin gfowipg in 109 water, those at FP would encounter 10°
by;eérly October, perhaps 2 nonths after hatching fot some
young. |

All young from each cocoon were placed in a beaker

filled with lake'water.‘There wefe four beakers for each
site and each treétment. The 10° beakers were kept in a

refrigerated incubator through which air circulated at 1

liter per minute. The 20° beakers were‘kept on a lab bench
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and directly aerated. All triclads were fed chopped
earthvorm weekly and measured monthly. Two beakers of Fp
_ypuhg succumbed, probably due to parasitic infections during
the first month. fhey were restarted with newly hatched
ydpng. No other dead triclads were réplaced.

No obvious difference between sites is apparent,
aithéugh there is a strikiné difference between temperature
tregﬁments (Fig. 9) . Regression lines were calculated for
thétﬁean nonthly lengthsyto determine the rate of growth and
- whether thére was a difference between sites. The slope of
the 100 line for FP was 0.61 and 0.48 for PA, so at 10°
growth wés about OfSQ»mm a month. The regression
‘coefficients were not significantly different (t=0.98;
p>0.05). The /Slope of the 20° line for FP was 1.66 and 1.76
for PA, so ét 20° growth was about 1.7mm a nmonth. The
regression coefficients were not significantly differénty
(t=0.42; p>0.05). Thé growth réte at 20° vas three times
',greater than that at 10°. The differenCe is probably due to
the reduced metabolic rate @nd the reduced,ﬁobility for ”
feeding causeé‘by the low témperature.

" Newly hatched PP trlclads vere larger than PA young
(Flg. 9). If FP and PA growth rates are 31m11ar, the FP size
advantage should be maintained. The flnal size of the
remaining 20° PA young was not significantly greéte; than
the fipnal size of FP young (t=1;§5; p>0.05), but’the.10° FP

~Young w~Te, with one exception, larger than PA joung grown

at that temperature. The length advantage of FP young seens

v
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debris and benthic algae during tho suaner. Triclads cannot
inhabit bricks at these times, so cocoons aTe not.

continuwally beding deposited on the bricks at PA. The first

o~ e o~ wny e ey U L A P N ey - ] Y - oy Yoo e PR
» = Tade SUCZHIISL souzllue H2L0le JYnd 2. N GEDILE UHWEs

renoved by a wind storm in early July and the bricks were
reco_.onizad. Since number of cocoons on the bricks vas never

iarge, nost data om producticn and fecundity are fron

1]

ta aze fzom the brick and warked

t
o

nacrophyte sanples. TP G
cock sanpies,

Cecoon diancters uere neasuced for 700 cccoons fron
each site. PA cocoons were 1u22mu2€s&=3;f59j in diameter and
FP cccoons uere iﬁaﬁmm {sdzOQTQQ)’iﬁ diametzr. A t-test on
the reans gives t=4.06, {p< €C.001), s0 F* coccons are
significantly Zarger. The nezn nunber of

-

cococn was 3.9 at both sites with a range oFf

('T&
0
g
)
o
=]
[t
&

The tine span Zrom cococn depositior t hatching uas

®

esticated from ti. number of davs betweer depcsition and

ebout 20%. Hezn hnatching tipe

tavys at u

v

vas 17 deys for TP oand 18 days for Fi cocoons. The Longest

cevicds fzon dete ¢f Tield ccllecticn o da-e of lohorator-
avehing ¥ sivilor Lo the Tor Yehorators Ceposiited

e G osigrs of ater G Gavelo dusnt i tesn o7
L2 vl cocouns Yelled o tatoh erd shoved no 5iowa




cocoons

On examination,

Were sterile.

46

Four of 93 FP cocoons did not hatch.

three of these had breaks in the cocoon

shell, which uvere probably caused by handling, since most
sterile cocoons rapnoir Lotact uniil decoopesiiion sets ln.

The one positively sterile cococn {no break
represents a 1%

Cocoon produciion
aumber of cococons per adu

cocoons on pacrophytes at P&,

sterility factor)
July 2

to the Hay 29

build—up of sterile cocoons at these tines
vas necessary for FP

renoved fronm sampled

and thereafter.

&

in shell)

sterility factor in the FP population.

for certain dates

©

To account for the sterile

was-calculated as

1%

I reduced by 18% (the

the total number of cocoons collected on

I did not épply‘the sterility factor

and June 10 sanples because there was no

Ho correction

samnples bhecause all cocoons uvere

1

priclks

and ac sterile cocoon build-up

occur

Cocoon prcduction start
hezted site, but started in
ippenciny . fater temperature
and iz 159 in late Jupe et TP.

July and then dreopped off wapldly “n avgust ¢ both sites
PR Dugesiea breed for about 11 uvsoeks ond TP hugesjiu or O
veeks.

Cocoon fecupdity can be i as the averagae
number oI cocoens per @dult fTor ezach dets or as the totsl
nunber c¢f cocecons Jdivided by the total aviber of adults
sarpled. Both -pethods give equivalent results. Cocoon
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.

fecundity of PA Dugesia wa: 1.4 cocoons per adult and these
‘J(
cocoons will hatch out an average of 5.5 young, or 4.5 young

if 18% of the cocoons are sterlle. Fp Dhgesig produced 0.7

COCOORS Dar adult or 2.7 voundge. esie from the heated 3ite
- E — e R

"are twice as fecund as those from the normal site.

Young A
Recently hatched-yoqng’are usually 2.0-4.5nn ih length.
They are lightly pigmented and semi-transparent at birth.
The yolk cells that‘fill the gut are golden colored. As the
~young triclad develops, the yo}k is used up and the dorsal
piément spots becone larger and darker. Based on these
characteristics, triclads that wver= <4.5nn long were
classified‘as either;truly’young or small; Small triClaﬁs
being either shifunken adulﬁs or older young that have failed
to grov. The recognltion period for young is about 2 weeks.
Nupbers of young or spall triclads in field samples provide
information on reéraitment and the effgcts of food shortage.
The near "ength of Pi youné hatching from cocoons in
the}l&goratc:y ves Z.92nm (8d=0.692;. The mean length of FP

young vas 3.96mn long, 1sd=0.627}. PA joung vere

ailer (t=2.7; p<0.G1). This corrvesponds : .th

the cobservation that “vere spaller in diapchor

than FP cocoons.

Young tric 1 ds uere not vell represented in the brich

u'}

cuplas fron either site. At PA, this probably re flects the

N

tack of cocoon deposition on bricks. For most summer fiel

(8]

e
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Table 2. Sunmmary of reproductive data for PA and FP showing
-the seasonal production of young and cocoons.

, . ¢ . .
m_@rwmmmmmm.‘.mmmmm__—h__._._.__.__m..—_ﬁ__mn'___..j

: - Cocoons %
Date % Adultc % Young per Aduit 5
. [
PA ;
tiay 29 77.0 ¢.0 0.03 ?
Jun 3 56.0 0.0 0.%2 ﬁ
Jun 10 67.8 1.6 1.57 E
Jul 2 25.4 27.0 1.33 '?
Jui 8 22.3 121 1.76 %
Jul 2 16.6 14.6 3.97 ?’
Rug 7 34.0 3.5 0.20 ‘§
Rug 19 %9.? 5.2 0.00 ‘%
Jun 30 99.¢ 0.0 0.13 ?
Jul 16 £5.5 12.8 1.25 %
Jul 29 $3.6 3.5 .10 i
Aug 12 ©8.0 G.0 0q38
Lug 27 S$1.3 3.5 0.00C
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samples, I combined brick. and macrophyte data. However, the
August 7 PA sample is omitted from consideration‘as the
triclads on the macrophytes were not measured. The lack. of
young in PP brick samples may be attributed toc factors such
as continually removing COCOoﬁs.from the b;icks and’not
aluays being}able'to return these samples to the lake water
directly over the bricks;‘Aiso,:keeping'QG cocoons fron
narked rocks in the labo;atory'for hatching may contribute
to the lack of young. Of course, since I hypothesize £hat
young triclads suffer heavy nortality ffdm competition, I
did not‘expgét a large number of young.
\ The percentage young of the total PA population reached
a peak of 17% in early July (Fig. 10 ‘and Table 2). By the
end of breeding} the percentage had declined to 5.1%.
Fecundify vas measured as the‘total percentage of young'
divided by the total percentage of adulfs from June 10 to
August 19; The fecundity valhe ~as 0.36 young per'aduita

YYounq were first collected at FP on July 16 and pade up
12,éi’of the population (Fig. 10 and Table 2). The |
percentage deciined rapidly to 3.5%. Fecundity expréssed as
young per adult vas OnQ7°.€The August 12 sample vas onmitted
as no young ﬁere'collecteda) Thig fecundity value is 10% éf
cocoon fecundity; hence cocoon fécundity nay be nore
accurate 1in 'describing “he reproductive effort of FP

Dugesia.
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. 100.0
L

PERCENT

. 1 & T T :
WEEK 0 2 A 6 8 10 12
MONTH JUN. | JUL. | AUG. | sep.

PERCENT YOUNG AND ADULTS

Figure 10. The percéhtage of young and adults present in
each population from mid. June to mid September.
- O PA young; OFP young; aPA adults; + FP adults.
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Adults

Dugesia becomé sexually hature,gfter reaching a certain
length, and triclads equalling or exceeding tﬁat length are
adults. Haturity‘can be judged byvthe presence of genital
structures and sperd in the vas deferens. When sperm is
{present‘in fhe animal, as determined by the sectioning or
squash methods, then the male and fenale syétems (sinée
Dugesia is not known to be}pfot@ndrous) are nssumed to be

mature and the animal is considered an adult.

§

Ten FP triclads collected on lHay 29 vwere sectioned, and.

the June 30 triciad sdmple vas visuaily exanined for Spern.
Thesé’obserVatioﬁs indicate that triclads >8mm in length
were mature. PA triclads fron 1ate’Hay and mid—July vere
sectioned. Others Heré squashed and visually examined. Soge
" of the 10mm triclads were fodnd to be mature while others
ﬁére immétufe, o 9mm or less PA triclads were mature.'PA
triclads 210mm in length were considered adults as they vere
eifhér<matute or méturing. These results are consistent with

the finding. that length at maturity decreases as temperature

increases for Dugesia po;vchroa {Reynoldsbn, Young, an&
Taylor 1965).

The proportion of adults changed‘throughout the year,
.but was.highest in the'spring before breeding. The F?P
éopulation,was'coméosed entirely of acults in June, but the
PA popplation at this tine was orrly 77% adults. UWhen the

percentage of adults aﬁd young are plotted together, there

are trend. in the breeding season (Fig. 10). The proportion.
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of adults decreased\mankedly 6ver sunmer at PA, but only
slightly at FP. This decreasing proportion could be due to
-shrinkage, dilution by young, mortality, or emigration fron
the bricks. .

By correl?ting increases in young vwith changes in the
adult percentage, the dilut%pn effect of young éan be
estimated. There_was>a 43% dec;ease in PA adults between
June 10 and July 2, but young only increaséd by 20% in that
period. The renaining summer reduction in adult percenﬁages
canpot entirely be accounted for by dilﬁtion‘with young,
because the deéline\in young parallels the adult decline.
for the FP popuiation, the July 16 reduction in adults is.
due to dilution by young. There is little further chandge in
adult péfcentage_at FP becduse a tremendous amoﬁnt of
shriﬁkage would be necessary to reduce the large agults (up
to 17mm) to less than the adﬁlt\%ength of 8mmn. |

Hortality is discounted as a factor bécause adults
bréeding in thellaboratory exhibitéd no mortality;
Similarly; vhen starved, Dugesia shrinks but does not die.
The relatively small decrease in adult percentage at TP is
not cousistent with the bostobreedingiQQrtality.;deag‘ u

| Emigration fron the bricks is n&i&é”possibility at PR
because the bricks usually contained mdfe.aéults thaé do fhe
nacrophytes, at least in sunnmer. lo difference in preference
- betveen bricks and rocks has been dgmonstrat;d;fo: FP
triclads, but iﬁjﬁyey nigrate to deéper watérs in autunn,

there may be differential emigration. The best explanation

/;.—\
TN
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for the loss of adults is shrinkage‘dﬁe to food shortage.

The Total Population
Tﬁe PR Populétion

Both triclad populations show vell defined cycles of
grovth, breeding,jand shrinkage, with consequent changes in
the biomass ;:eéentf It vas not possible to study the FP
populatiqh‘for a full cycle because of samppling problens .
previously nentioned. However, there is evidence fron
changes in autumn nunbers per brick that FP Dugesia noves
intc deeper wvater to overwinter, and regardless of sampling
problens, they wbuld be unavailable for sampling by the
brick method. Such novement out of the littoral =zomne by
Dugesia has been observed in a Toronto pond (Boddington and
Hettrick 1971):

Changes in fhe'PR population can be étudied through
éize structure histogranms (Fig. 11). Spring vas a period of
growth as spall triclads increase in length and becone
sexually mature. The percentage of adultS'was.maximal in
late Hay-early June, when cocoons vyere first collected in
the fielde‘The nunber of Zriclads per brick vas constant at
about 30 for this period, and young triclads (SuoSmm) appear
in the July 2 and 8, sanples. By.July 24, therevuete nany
intermédiate'sized triclads and very few adults. The nunber
of triclads per brick.had more.than doubled to about 70 {see
Appendix and Fig. 15). By August 19, only a feu coccons

could be found apd there ars many snall, but not young,
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triclads. These were recent young that have failed to grow
or were shrunken adults. No cocoons were found in.the field
after August 19 and by September there were no young -
‘présent, All triclads <4.5mm were shrunken adults, and by
October there wvere no triclads smaller bthan U4mm {(Fig. 19).
The numbers pér brick had been‘declining since Auqust 7; by
September there were only 38 Dugesia per brick. This
indicafes mortality in the population. From November until
March, most triclads were frdm 6 to .9mm long. In February,
there were 41 triclads per brick. This is comparable to the
number present in September {38/brick), October (30/brick)"
and the number present in ihe previous spring (about
30/brick). Post-breedihgvmortality of young and shrunken
adults had're—adjusted the population size to that which the
environmept cén support. |

| The_cumulaﬁive.percentage of individuals in each size~ 
élass shows Pa population changes with time (Fig. 12). adult
percentages increase to over SO%vin Hay and June. There was
a sharp change‘in petcenﬁage compqsition between June 10 and
,July 2 when ycuhg éppeaféé in thé po?uiation° After July 2,
adult percentages continued to decline,<éxcept for the
ragust 7 samplé; The méjority of fhéApbpulation vas iﬁ thef
intermediate sizgrtanges by‘August and‘Sep.tlember= Triclads -
greater thaﬁ 1Jmm,_made up‘dnly a2 small fraction of the
populationify&%ﬁiate Rugust through winter. The larcg

individuals present in spring have shrunk.
24 ' '
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is examined on a cunulative percent

=
0]

]

0n
ot
N
0]
0]
s
H
(3
Q
e
-
o]
@

sonal changes are nore appareant (Fig. 14).
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aduli triclads ‘ormed the entire FP population by late June.
“n July, young uere produced, but their nuwcbers rapidly

decline, indicating that nost fail to grou. Some young uere

" again present in late August, but they have disappeared by

el

wugust and

}_.‘n

i-h

September. The large triclais began shrinking

the snaller size classes nade up nost of the population by
7erber. »
The‘disappearance of large tricleds ves due to
shrinkage ¢ZI bugesigm Thére are pot enough young triclads to
be recréited into the populaticn Iin autuon and tge feu
preseﬁt could - gicw into the 7 and 8um size clesses in

the tine av vie or at the uiter temperatures of. this

§o

seascn, Hdorcaxity of large triclads canncot euplain the

=

ahundancs of

IA
O
o
(
,_;
)
Q
o
§—2
el)

snelley triclads becazuse those

vingr proportion of the Seplieuber populaticn, bul wmace up
307 «oof the love: vooulaticn. rthe slopes of the
(Fig. 8y fvon Seuvieeubey to Hoveuber are sicileay and

T T T T A I
ather than nolite -~ oy .
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Hean‘Length énd Biomass

Seasonal changes in mean length also illuékrate size -
struc ure changes (Fig. 715} . Length increased by 2um during
spring growth at PR. In part, the occurrence of young in
JulY decréésed the mean length. Hean'length vas smallest in
September aiter post-breeding shrinkage; There was a slight
increase 1n length during October and Novenmber, poséibly'
‘caused_by/Duges;g feeding o©n animals that die before winter,
Hean length was @alrly constant at batheew 7 énd 8nm
:thloughout the wlnter° These data suggest that Dqu§1a can
only find enough focod to supportﬁgtowth during the spring
and early sumzlet,~ and possiﬁly in late autunn.

. : i :

.Qgg§§;g fron FP\éiew Eapidly in the spring, Qp ey 2no
per month ({Fig. 15). The July pean length'réduction ros due
to dilution by voung. Grouﬁh‘continued in AuguStpAbut,length
‘declined sharpl:y during autuon. Ey ovénber, {he_average
 size of Dugesia was 1Gﬁ5mwg vhich is Comkarable to-tk@

length of “ian. There was prchably little

‘l
(":
‘J
-
m
m
@

chaﬂge>ia nean length uwnder the ice at TP, as vas the case
at ice~-free Pi. | |

Since shrinkage is an indication of intraspecific
competition ig iricladsa it is iﬂstiuctive To Compare FP
shrihkage withAthét.af P, Uhen the minimumvléngth is
subtracted ff@m the'makiQQUF the decrezse ié J.8pn et PL end

4.2nn at FP. These value =S, are guite close and indicate that

‘
w -

shrinkage is couparabie in each populaticn., This is somevhat

surprising since the 7P triclads are consistently larger {in
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length) thén pA triclads, and thete ve:e period% vhen the
disparity in mean length was._as high asksmm._FPEtriclads are
comuonily 17 and i8mm long, while ?R”t:iclaés psrall 1y de¢ not
ehceed 16mn in length.

Regre551on lines for a 1ength—blonass relatlonsnlp vere
calculated for FP and PA populatlons {Fig. 16)}. A total ozp
224 triclads uere ﬁeasured and veighed. The equéﬁibhs yere
jog Y= -1.7142.5510g X for FP, éndvlog Y=_—1,u6¢2331log X
for PA, whe:é f is dry weigh{ in ng and.X'iS_IIength'in_mm3
ilthough the regression coefficienﬁs:were not Sighificantly
different, the biomass of each populatiouiwas calculated
using the predicted values géneréted by ﬁhe equation for
‘that populationa Predicted values for each size'class are
multlplled by the percentage vhich that size class
represents, glVlng values vith the units of ng percent (or
‘ng per 100 individuals); Cunulative values of bionass for
all size classes reptesénts the’iotal ng-percent biomass
piesent on a sampllpq date (F?g,‘i7)m

Biomass increased uoo mg percent fL01 Harch to liay at
PL. I zhen decreased 500 mg-percent by septenber and
flucuated around the uQO mg-perceﬂt level thiough“£he
vinter. The,?P/popmlatioﬁ increased by 800 ng-percent fron
Ma? té nid Augugt and then the bionass decreases by 1100 ag~
'ﬁercont throian Fovenber. In both ponulationsg the spfing
bionass gnwn is lost phrough ghrlnkage and “OL»aLlCY in

_summbx and uutuunu Thase data 1llustraue +he character 1stic

~adjustment of3t$iclad pqgnlatlons to thelr carxylng capacwuy
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after the raéid growth amnd breeding in spring.

The larde difference in bionass. betueen the tuo !
populations nav be attributed Lo the lenath-biomass
relationship. Because of the =uponential nature of the
relationship, lacrge triclads¢ especlally those over_]bmmg
yill weigh proportiqnally nuch more than tficlads only a féw
millimeters shorteru'The greater méan P lengthv alvays
abo&e 10nm, produces the large diffefence in biomass;
shrinkage of large triclads'will résult in a greater bionass
~ loss than shrinkage of syho;ter.ones° Hence, FP triclads wmay
seem more affected by intraspecific_competition,'bécéuse
starvation has bgen sevare enoﬁgh to cause q\greater loss of
biorass than that experienced by PA tricladé;<ﬁoweverg
compétition has only reduced the FP bionmass And mean ieng%h
to levels sogew@gt‘below the springtine valuwesS in the séme

nanner as at Pi.



68

DISCUSSION

Biology of Dugesia-- The triclad Dugesia tiqgrina is a

n PR

species that functions best in varn vater. Vis vighting

reactioa time is quickest above 15°, It prefers wvater abuve
20° and young grow three times as fast at 20° than at 1i0°.
Temperatures belouy 6° strongly inhibit feeding (Pickavance
1971a) . These charactéristics help exéiain ny field
observations.

The normal regions of Lake Wabamun, as represented by
the Fallié Point study site, are ice-covered for 5 moﬁfhs of
the year,‘ﬁapid warming proceeds in the spring, but a
naxinum of only 20° is reached by late July. FP gggg§;grgrow
rapidly in the spring ard becone physiologically ready to .
breeao Cocoons are produced in late Jung, at a temperature
of 16°. This corresponds’to the temperature at which Dugesia
becone mos{'activé =nd alsq to the range that Pickavance
(1968) found to be critical for the initiation and
termination of asexual reproduction, Cessation of cocoon
reproductionloccurs before water tenperatures fall to 16%;
indicating causes other ;haa tenperature are important in
terninating xepfoductiona The "tenperature goes doun quickly

in autunn and linits the mobility of the triclads. Fron the

g
=
(ol
0]
F

time of ice formation in Decenbés and throughou™ ui
the triclads will rarely feed.
Uinter temperatures at PA.are higher, but ofiten beloy

‘Dugesia’s optinun. Feeding nay not be as strongly inhibited-

at PA; but this warner vater does not seen “o benefit the
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populatioh mudh; as there are no over-vinter increages in
length and biomass. Water temperature at PA reaches the
opfimum in Haygs §o PA Dugesia have a 1 nonth siart ovef Fp
Dugesia in their breeding activities, and the PA populatlon
breeds for-about 3 weeks longer than at FP. Since trlclads
at both sites take 2 months for growth to maximun iength and
bionmass and 3 months for consequent shrinkagé, warmer water
at ‘PR seemns to have llttle additional 1nfluence on D.
ticrina's life history.

Con vater throughout the year at FP may be a faqﬁd}
in explai:n.ng the grgatet §ize achieved by FP triclads. An
increése in ambient tempéra{uré will‘increaée the metabolic
rate of a poikilothernic épimal. a triclad'inréarm watet,
such as at PA, will have a\higher metébqiic rate than a
.triélad in cooler wvater and thus, assumning equal anounts of
food for each, will have less energy available for growth
and naintenence. Laboratory data show that triclads  -
naintained and fed at .30° %ill shrink vhile those at 20°,
receiving the sane food, will grov. PbsSibly FP Dugesia in
éooler 7’ce ~can put - nore of their food anergy.“ﬁto grozch
thus naintaining greater lengths and bionass. The netabolic

rate of FP 'sia should be‘guite low in winterx vhereas PA
triciads You... probably have nuch higher netabolic denands
in ﬁhé varner vinter uwater.

It is instructive to conpare the life cycle of the
se%ually reproducing Alberta D. tigrina to that of asexual,

inmigrant D, tlgrlna in Britian, which vere studled ‘by
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Pickavancef(1968). He found that pugesia grew rapidly ih :
spring and stégﬁed tohfeprbducéxgheq~the water iemberature 
reached 16°. The_popﬁlatioﬁ.incféaSed”seven«folda Fission
ceased in nmid-September and the populaéion size structure
stabilized for 3 months,Auhicﬁvié‘a*period of?competition
for food. In Britian, wintef igigiéeason of shriﬁkage,and
ﬂumerical decreaseAto early spring levels. Shrinkage did not
cause direct mortality in this situation; because shfinkage

: !
was not prolonged‘énodgh to result in very snmall triclads

that die. This is analggous to the FP situation o< ay study,
vhere nb small_(fgrmer adult) triclads wvere prodno=ed thrghgh
shrinkage..Since preaators of Dugesia were abundant ‘
Pigkavaﬁcé“s‘siteq Pickavance feels that the nuner:

decrease is due to preddtion, rather tham to conpe:

The majér differences in life.cycles between . é
"British and Alberta\popuiation are in respect té'
fegfoduction and the’ mechanisn of -population requla - -
British Dugesia can incr= = Seven-fold, but the Lake
Wabanun Dugesia only approxzimately double‘their population
size. Vabamun triclads comnpete during and after the breeding
Season, causing Dortality of young and shrunken adults.
Although British Q,.tigrinavcompete for food and shrink
éfter breeding, predation apparently is the najor factor in:
réducing theirbpopulaﬁiona Prédationp if it is the cause of{
the réduction in the British population, reduces'nﬁmhers to

the level present in the previous spring.

.?he'Coertition'Hypothésis—;,The results of the

3
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breeding and populat as Gan be vnterpret»d vith
respect to the hypot: . at triclad populations are

Tequlated by intraspecific conpetition for food. For both

' populations, Qprlng is a peLLOd of rapid gLouth in which

length, blﬂmass, and’ proportion of adults anreabesn AMfter
copulation, cocoon deposition‘occurs ahd young start to
hatch out = weeks 1ater,.The maximam propor%lon of young
is 21% at PR -ad 13% at FP. During the breed»ﬂg season the
proportion ¢f adults ”ecreaGes at both sites. In auly at rP‘
this can be accounted for as‘dilutlon by young, but such
diiution does not fully account for the Pi reduction and
later FP reduction. Numbers of young present begin to
decline and megh length also decreases after mid~summe;¢
Small, non-ycung appear ét PA, and I have interpreted these

as shrunken adults or young that fail to grow, Since
o ) . T

. shrinkage of adults is not sufficieat to produce the small -
~r:clads at FP, mortalitvy at FP'must occur nainly in the
young of the year. ’

By autuzn, the nuambers of ¢r clads per dbrick had

declined to nunbers that uere sinilar to the spring

population levels prior to breeding. This result is obscured

' at FP by an autunn lit%ozal éone migraéion, At PR, this
decrease is due to'mortaiity of starveq young and shruﬁken,
adults. The spring-summer gains in length and biomass have
been lost because of the food shortagde creatgd by breediﬁg;
Antunn’ values of these paraneters uze equwvalent to the .

‘early spring values.*Th&sg all results are conslstent yith

el



the coupetiticn Zor £920C Lypcthesis. Both populet st

ntal carrying carpacities fou v h

Jeery &nd as tnme z2buadant Focd in

cives way tc shcrtzges Lan -ucupn, €ha

e . re-zljusinent

i
N
p
C
el
[43]
[
[}
I8
o
o

s
=
lal
[E)
fou]
e
=
o
4}
™

vy
R
o]
¢
't
Q
(i
C
Q
N
~+
Q
=
@]
t

i
[ 4]
(&
e
Q
w
n
-
‘\
]
©
Ty
3
<
N
=
Q
X
f
w
o
&
(.
(XN
<
{ad
-
{
@
n
Lo
4
o
[t
{
=
&)
&y
fst]
bt
N
Q;
=
[a]]
[
3

ot

G

wnSity~irdenerdert ard dependent vovd

tinyoa 2ol ¢Ugznisn allocates (Gadoil

0T 4 aenL licn IS neTessaTy to ¢lifozt

-
i
2
o
p
[ug)
~
.
~

cendlty o Pdon roviel ity

-
{

<
[
-

.

i
~
)
z—)
Fot
-
a
-
-
~d

[ : LAED ¢ L TR PR ; 34

-

~Jd
[N



/

“

, the parameters of interest bhecone
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nefcie death occugs. Largei youlg vyoualé L npore conpetitive.

Sraller cocoons and young nay a’lou diverzicn of resources
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ucing. Triclads are not knoun for their learning
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little consequence o Dugesia. R greater lengtl et maturity
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st naturit7 of PA triclads is sinilar to the ténperature

dependent pa-tern found in Dugesia polychroa. i.=..D.

noivchrga —elsed at higher teoperatures had a greata2r length

at maturity iReynoldsQng Young, .and Tayloo ~ o5y The'effeét
of the dif;etenh Ehermal regines is‘a sinplex ;leanatién
for the observed difference iz PA-FP naturatic Mehgtﬁsq

The grezter PA fecundity isvalmcst ce:tainl§]due £o thé
nortality ﬁactoré found o71iy in the thergally affecféd
reaicn, The osrimazy cause of mortality is macropiyte
hatvesting., shich remcves large aunbers of triclads and
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compensated for by increased fecundity.
The reproductive parameters can be explained as either
support.’ng r— and K- selection or as due toc other factors.

Competition seens ecdually. intense at both sites, hence it

o PO, e e e Ty e e wman m ey v A B
(VR ORI ST LaE LUTRDOTLRlS.. VoS DTS LLLaonLIouZ

Q

explanation of the observed reproductive parameters is that

"

(

'thQ greate# ?h'fgcundity is & population dynamig effect_in.
whi@hltae birth ;ate has increased to'egﬁal a death rate
that is:higher'éhan that of P triclads. Fufther study could
‘perchdps sepport a difference in life hiétoty sirategy? bdt

‘such a difference cain not be supported by the data of my

study. In general, Dugesia tigrima sSeens to be very nmuch a

=

K- strategist v.iich is limited by intense competition and

lives under conditions of focd sho-tage for much of the

vearl.
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COHPARATIVE SYNOPSIS

i) Hacrophyte harvesting Tesults in substantial triclad .-
mortality at PA. Triclads do not inhabit nacrophytes at Fp,

nor 3 S thera 2nv harveshtin o
o 2 CnerTa Lin parvesTing "

2) Thirty three percent of PA Dugesia and 10% of ¥P Dugesi
had recently fed on oligochaetes. Dugesia vill Feed on many

other small or vealkened éﬁimalsn

3) Dugesia’s righting timebis about 7 seconds at‘uaiet.
temperatures above fso, but the righting fime ihcreases
sﬁﬁrply at tenperatures belou 159, p3 Qggggggiprefervwaﬁer
temperatures frdi 20° to 330 aﬁd Fé tricladshprefez vater
from 159-330. o

4y adults grov 1;3mplq‘moﬁ%h at 200; but shrink 1q5mb.a

L . . .
month at 30° vhen fed. They shrink 2pmm a nonth at 20° and

5am a nomnth at -30° when starved. Younc from both wopula - us

grouv &< the s.ne rate: C.S5n & noath .at 0% and 1.7nu a

nonth «t 209, '
5} Cocoor production begins u late lay @t PL ant latce June
at ¥?. The cocsen fecundity is 1.4 coicoons per aduit {18%

- - PR ! s - . [

6} ¢ Pa, adulis, young, and cocs as az-e spallay than thos~

at FP. Yhe maxiuun pescentage of you o is 299 at 2. .and 135
p :

at TI'P. Fecuadity based on young ig 5.35 r~ad 0.07 young gor
acnlt for Ph and FP respecitively.

e

7} Adults nake un 7% and 007 of the nopulatio

-

spring naxinup for the tuo sites. The sercentage adulés

D

{



‘declines to 17% at.PA, but"doés.hoﬁvdecline‘substantially at
o, : o - : .

8) The loéS-in rean léngth,énd:biomass is‘appro lmafely
equgl in both populatlons and the poot—!reedlng 1oss is’
r‘:\q;u;valeit 'Z:Q"tit;eAsp:iaicj Sd_- The shrizkage of i |

pop laﬁioh and'tﬁe‘decline iniﬁumbers of young and'ﬁﬁa31, 
'Lrlclads supports che hypoth@SlS of - fooc con peblziﬂne The
roductlon in number per pr seick after oreedlng Lo pre?
'breedlnq levols also SLDDOEtS -the hypothe51s=

'@beral reprodueflve parameterc are coasistent

)zquﬁ.r« and{K~'SeleCtion,-thQre arc other
exp_er . iuns for the observations. Slnce conpetition seems
_equally intense at both sites, there is. no roason why one

population should be moré K- selécteéo':’suggesi that he

‘increzsed fecundity of PR triclads 5 due to rreater

S por<zalit . ot PA, prinarily fromn pacrophyte harvesting.

-
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Appendi 1: Percentage conposition of FP samples.

% in each size class

Dalc N2 3 4 5 6

RN A

D

May A9 Qi ' B
Jun 11 70
Jun 30 - 166

Jul 16 148 A1 8.1 G.

~J

Jul 29 202 ‘ 3.5 1.5 0.5

Aug 12 129 0.8

w
N
w
o
w
}—J
13
o,
[__J
v
1 wed
[¢e]
)
N8

Aug 27

Sep 13 269

O
"
(@]

BN

5 5C . \ . 2.0

med
o
V‘ .}
w N
}__J
~

2

(@)

e

o
o)
w

2.z 2
e D

a1 23 1.5 4.0 12.9 21.3 17.

Aug 17z 0.8 0.3 2.9 ';099 21.

Aug 27 : 9 0 10,5 9.3 ~9 315
Sep 13 i,z 10.8 14,2 702 2

Oct 18 13.2 16,0 17.8 18.7 11.

Nov 15 16.0 22.0 13.7 10.9 2.0

.9

[e9]

3.9

Q
<

[}

7 <
2.9z
5.¢C
o
O .

he

20

9]

(4§}

o

9.C Z.C
11.2
3.7 1.4
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Appendix 1: Percontage composition of

PA

sanples.

% in each size clas :
Date N 2 3 4 5 6 7 8 9
7S
Mar 22 35 5.7 11.4 2.9 20.0 11.4 25.7
Apr 28 g4 1.2 3.6 11.9 14.3 15.5 16.7 11.9
May 15 109 0.9 1.8 6.4 11.0 20.2 20.2
May 29 100 1.0 2.0 3.C 1.0.10.0 6.0
Jun 10 369 1:1 0.5 1.6 2 5 10.0 9.7
Jul 2 118 1.7 15.2 4.2 8.5 2.7 11.0 11.9 9.3
Jul 8 242 2 3.3 11.2.17. 9.9 12.8 12.4 9.5
Jul 24 N4 1.9 8.0 8.0 12.1 22.4 18.5 15.3 7.3
Aug 7 347 0.3 0.9 1.4 3.7 14.1 23.8 18.2 13.5
Aug 19 5 é.a 1.7 8.0 15.3 12.5 6.6 15.3 11.0

/

Sev 13 254 1.0 2.7 7.1 18.019.0 218.0 10.9 7.5
oct 18 277 | 4.0 7.2 ¢.c 24.2 15.2 15.2
Nov 15 231 1.3 7.7 $.¢ 1.7 19.0 15.2
Dzc 16 247 0.4 0.8 . 2 18.2 .5.3 22.7 16.5 11.6
1976
Jan 17 172 1.7 1.2 8.1 22.2 24,4 19.2 8,
Feb 13 149 7 5.4 14.3 24.8 22.2 10.1
Maw 3 191 1.5 8.9 17.3 23.5 23.6 3.5
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Percentage composition

Date o o0
L975

Max 22 to
Apr 28 11.9
Ma’y 15 12.4
May 29 22.0
Jun lo 15.4
Jul 2 | o 8.¢
CJul 24 S | 12.4
Aug 7 | 13.3
AU?‘ 19 | 10.8
sep 13 _ | 7.1
Oct 18 - 11.6
Nov 15 | 14.2
Dec 16 3.7
1976

Jan 17 “10.5
Feb 13 12.8
Maz 3 _ £ .9

of PA samples continued.

% in cacly sizec d¢lass
11

o

S
N

W0

7

~J

x\ o

~

14 15 16
1.8

3.0 2.0

2.7 1.6 0.8
1.7 0:8 0.
0.9 0.3

0.4

0’9 Ouﬂ

0.7
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Appendix 2: Sampling data for I'P.

Datc

% Ddults

1975

Hay

Jun
jul
Ju’l
- Aug
Aug
Sep
Oct

INESAYE

29

30

97.5

100

99.4

86.5

93.6

98.0

91.3

98.9

AR

.0

Y

Young

0

22
160
214

49

Lo

f+ Cocoons  'Type of Sample

rocls

rocks

llvlariﬁﬂ:s

'8

7

bricks
bricks
brichks
bricks
bricks
bricks

biricks
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" Date

Dec 16

P

N

-ApgendiXQZ& Sampling data for‘yA.

P

‘% Adults % Young

N

4 Cocoons

Type of Sample

1975

3 ‘
Mar 22 ~ .22.9.

Apr 28
May 15
May 29

Jun 10

Jul 2

Jul ‘8

Jul 24

Aug 7

Aug 19
Sep 13

Oct 18

Nov 15

1976

Jan 17

feb 13

Mar

5

250

e

39.5
77.0
67.8
25.4
22.3
16.6
34.0
19.1
12.8
25.3
35.1

8.3

14.5
2031

S1l.4

o o o

o o ©

N3

158 L
66'-«
84

36

O O o o o o

2 bricks’
3 bricks -
4 bricks

4 bricks.

9 bricks‘anﬁ plants

rocks and plants

‘plants

5 bricks’and
5 bricks and
5 ﬁricks and

5 bricks and

6 bricks and’

\ﬁﬂénts

sweep-net

rocks

L

4 bricks

»

5 bricks

|
\

Fa

plants

plants

plants

plants:

plants
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" Appendix 3: Mean number/brick, mean lengﬁh, standard error,
"and biomass for FP. ’ -

/Number ' Length st.  Biomass
Date 7 /brick “'Tam error mg-percent
May 29 - 11.01  0.27 1121
S Jun 1, - 12.01 , 0.28 1230 | ”//"
Jun 30 13 12.99 0;17 1391 | “S\ﬁi%x, -
Jul 16 14 12.05{ 0.33 1333 i
Jul 20 25 13.28  0.20° 1555
Aug 12 16 -14;2?' 0.16 '1919: ’
‘Aug 27 49 A12,35°*~o.17' 1329
sep 13 70 13.03  0.15 1448
oct 18 66 12.11  0.14 1197
Nov 15 12 10.48  0.28 836
| L :
\
¢
' >
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Appendlx 3: Mean number/brick, mean length,,standard error,
and blOmaSS for PA

Biomass

. Number . Length | St.
“.Date ybr%Fk_ mm . error mg=-percent
Mar éé\- ;é“« ©.7.88 ' 0.33 433
Apr 28 34 982 0.24 453
»Mayﬂls. 34 ) 9.14  0.20 620 -
May 29 26 [ 10.51 0.21 846
Cguni10 33 10.31  o0.12 816
| J§1 2 - 7.10 0.30 425
Ji1 8 - 7.48  .0.20 456
Jul 24 69 6.84  40.13 348
Aug-7 77 ~ 8.50  0.12 538 ‘
Aug 19 56 ©7.30  0.10 . 395>
Sep 13 38 6.71 0.15° 325 .
oct 18 30 '8.06  0.12 472
Nov 15 - - ' 8.61  0.14 552
Dec 16 - 6;97 0.13 345
Jan 17 - 7.38 1 0.14 383
Feb 13 40 7.81 - 0.15 436
Mar 5 72 7.49 0.11 391
i
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_ Abpendix 4: Mean length of young grown at two temperatures.

Culture P Month -
number - - O 1 2 3 44 5
10° FP 3 | |
cl'~ - 3.2 4.7 5.2 5.3 6.5 6.5 °
c2 .3.2 "4.6 4.6 6.2 %0 7.0
C3w 2.2 3.8 3.4 4.2 4.3 4.7 T
c4 . 3.0 5.0 5.2 5.8 6.0: 6.3
10° PA ) - |
es " 2.2° 4.0 5.0 5.0 5.0 5.9 . .
ce 2.3 3.4 3.9 4.4 41 49 .
c7 208 ;ﬁs 2.8 3.5 3.5 3.5
cs’ . 2.7 3.7 ,4.8 5.2 5.1 s.éj‘ )
200 FP . N J o >
co 3.0 6.0 8.0 10.5 11.2 12.3
«'“910 ' . 2.9 5.0 6.0 5.0 R "%Nf
o 3.1 6.4 7.2 9.2 11.2 11%?
. c12 3.2 7.2 |
| 20° PA” |
c13 2.3 5.1 "5.8 6.0 .9.2 8.7
cia 3.6 5.6 7.4 11.0 11.0 13.0
cis 2.8 5.1 6.9 .87 11.8 13.0 -
c16 2.5 5.6 T



