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‘Abstradt

The objective of this study was to determine whether |

4nyﬁphs'of;sone'zygppteraﬂ&species exhibit a form of'spac;

ing behaviour that could result in variation in nympnal

development rate.

Dlet altered development rate of Coenagrlon resolutum

and Enallagma boreale nymphs to the extent that some

members of a cohort could emerge 1 year before other

‘ individuals of the same cohort. In the laboratory,

solitary Coenagrion resolutum, nymphs remained primarily

at one feeding area, even if othér feeding areas of equal

‘ foed‘valueCWere nearby. Solitary- nymphs tended to remain

at feeding areas that would result in maximum growth rate
when areas of different food value were offered. When

several nymphs"were present, some were excluded from

feeding areas; but .use of a feeding area was never totally

: exélusive; Large nymphs'excluded small nymphs, but nymphs

with previous experience with feeding areas had no

advantage in remaining at feedrng areas when naive animals
£

were addeé

Nymphs eﬁslblted an array of behav1ours, ‘some being

e

interpreted ‘as gre551ve. Exclusion of some 1nd1viduals
fron feeding are was a result of aggre331ve 1ﬁteract;ons,
but the result of interactions (win or lose)twas notiﬂ
site-degendent. Deminant animals spent more time at the

‘ .
! Co i

iv

]
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.considered to be based on the .do

-

feeding areas than subordlnate animals.

‘ \

In the laboratofa, solitary nymphs of Lestes

disjunctus disjunctus did not remain at-areas of food

‘ concentration, ané there w&B no evidence that some indiv-

iduais were excluded f¥om areas of food concentration when
several nymphs were present.. These results contrast with

results of similar experiments using C. resolutum, but

correlate with field life-history studies on populations

of both speciés.f The C. resolutum populations had a

variable life cycle; some individuals were univoltine

while others were semivoltine. The entire L. d. disjunctus
pbpulation de&eloped synchronously and was univoltine.

Because dlet markedly affected development rate, and

'.because some nymphs were excluded from areas of food

concentratlon. the results reported here support the

_ hypothe81s that’ spa01ng behav1our of some spgcies may

result in altered life hlstorles. However, because the
first animal at feedlng areas had_no advantage over
intruding animals, and the outcome of aggressive inter-
actions waé not site dependentt\iiépiﬂé behaviour-is
Lnance and 1imiteq move-

ment of some individuals instead of on a territorial

system, as suggested by other authors.

-y -~
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Introductiln

A fundamental aspect of population biology is that
increases in population densities are not limitless;
all populations are regulated. Theories eoncerning
mechanisms of population regulation can be separated into
two capegories. One set of theories.proposesthat factors
external to the population, e.g..predation, weather, food
supply, control population growth. The other set of
tﬁ:orles, supported by the "self- regulatlon school"
(Krebs 1978a), suggests that population regulation 'is the

result of processes within the population itself. Among

the theories supported by the self—regulation school, the

‘behav1our hypothesis (Krebs 1978b) suggests that "mutual
1nteractlons involving spa01ng behaviour produce changes
in blrth,<fia%h and dispersal rates and thereby prevent
unlimited Increase." ) '

Theoretically, the idga that spacing behaviour can
control population érowth can.be applied‘to mosp animal
species with fre possible exception‘of some_planktonic
species. However most studies have pertained fo verte-
brates, particularly birds (Brown, ~1969). An often
quoted exception to this pertains to spacing behaviour of
adult ddonates, where behavioural 1nteractlon between
males 1s\thought “to control the  number of individuals at

mating and oviposition sites (Moore 196#). There has

1

<



been very little analysis of spacing behaviour for other
invertebrates. My study was desigﬂed to determine if a
form.of spacing_benaviour occure in h&hphal odonates that .
could act as a mechanism in populdtion regulation.
Life*history studies of Odonata are common. Such
studies nermelly entail the qualitative collection of
éﬁfmals (adults and nymphs) at regular intervals over a
year s tlme, ‘with subsequent length-frequency ana1y81s to
determlne voltlnlsm, periods of emergence, egg duration,
and approximate rate of growth. ' ' .
When l1ife histories of a single species from
different habitats are compared, sigﬁificant.differences
are often found. This is bar?icﬁlarly qoticeable in
respect to rate of development ef nymphs and subsequéntly
the numbef'of generations per year.(Appendixti). Another
friequently reportee phenomenon is the separation of a
single population into two factions. Within a single

. )
habitat a certain bercentage\of the population may be

uniﬁoltine while the remainder of the pepulation is.
'semlvoltlne or blvoltlne (Appendlx 1).

Temperature and photoperlod have been suggested as
reasons for differences in odonate life cycles between
habitats (Corbet.1980); howeve@ few euthdrs(have‘ettempted
fp explain diffefent factions within a population. | R
Pfitcﬁard (19?6) suggests three baéicleauses<for variation
of life histories within a population of aquetic insects:

“(a) inherited differences; (b) occupation oﬁhdifferenf‘
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sets of enQironmenfélycohditions in spaée: or (c)
subjection to different environmental conditions due to
témporal separation (for example, in insects with a long
period of adult emergence aﬁd no diapause, the larvae
‘ from adults emérging eaély in the period will experience
different condiﬁidns from those that appear later in the
season)."

Referring to a single population of zygopterans,
Macan (1964, 1977) suggested that life cyclé differences
arise tﬂ}ough variability in diet caused by differences

in mierohabitat. When nymphs of Pyrrhosoma nymphula were

abundant, Macan found some nymphs taking 2 years to~aevelo§
while others took 3 years. When nymphé were less abundant
- the entire population took 2 years to develop. Hé‘alsb
 found voltinism deﬁendiﬁg on'the type of éubstrate, i.e.

nymphé living in Littorella took 2 years to develop while

those on Carex toék 3 years. From these observations,
Macan concluded thét the number of hunting sites is limited
‘and fast-growing ngmphs are:fhose able to remain in
optimum hunting areas, while small, slowégrowing nymphs

are "relegated” to sub-optimum areas of little food..

Macan notes this phenomenon may be a "self-regulating
mechqaéfm," whlch could control the number of nymphs
reachi:g maturlty. ' N

Spaclng behav1our may also be 1mportant in affectlng

* ,ey interactions in fresh water littoral

i xii Several researchers have speculated on how

a



» nymphal odonates affect prey populations. Benke (1976)
suggested that dense populations of anisopterans can
destroy prey populations if the prey lack physical
refuges. Lawton et al. (1974) and Akre and Johnson (1979)
believe odonate nymphs exhibit "switching" behav1our.'
.resuiting in protection of léss dense prey popﬁlations.
Crowley (1979) suggested that_zygoptefan nymphs in areas
of low prey density éisperse to areas of higher prey
-éensity. Macan's suggesfion is obviously important when.
considering effects of predation by nymphal odonates on
prey popglétions.7 Spacing behhviour{ by decreasing
density of predators in an area, may reduce predat%pﬁ

4

rates.’
. ‘Because of the"possifle importance of Macan's ideas
in interpreting data on life historiés and predétof-pgey
dynamics. and in an]effort to-stimulate work on spacing
behéyiour Bf inyertebréteé, I designed my research to
test the major‘combonents of Macan's hypothesis.
I have divided my work into five chapters. The .

first section descrlbes llfe histories of Coenagrlon

resolutum and Lestes dlsaunctus d1s1unctus populatlons

from a pond in the boreal forest of Alberta. The maJor

=p01nts in thls section are to determine whether

zygopteran’populafions in Alberta show variation in 1ife
history Siﬁilar to that described by Macan and to test"
'whether dlfferences in 11fe history are as5001ated w1th

dlfferent vegetatlon zones and with dlfferent dlets.



Macan's suggestion would be supported if nymphal growth
rates were dependent on the part of the pond nymphs were

in and if differences in diet were associated with these

£y
»

different areas of the pond.
During the life history, I reared C. resolutum -

nymphs from the study pond and from other ponds in the

same vieinity to ensure proper identification. This

[N

work resulted in a paper, "The nymphs of Coenagrion

interrogatum and C. resolutum (Coenagrionidae: Odonata)

frem.the bereal forest of Alberta, Canada". I have
included the paper as Appendix 2.

The second'chapter reports results from experiments
with C. resolutum nymphs des1gned to test two hypotheses
"derived from Macan' s argument: (1) solitary nymphs find
and remain at productive hunting sites, and (2) when
'seyeral nymphs ar: present some are excluded from
productive hunting sites. ‘SuBsequent experiments tested
effects of alternate feeding sites[ nymphal size, and
prior\occupancy'On use of spaee at prodgetive hunting
sites.

Chapter 3 reperts results from an experiment

designed to determine whether nymphs‘of L. 4. disjunctus
remain near areas of food concentratlon, and when several
nymphs are present whether some nymphs are excluded. I
compared the use of feeding areas by nymphs of L. d. ‘

disjunctus with use of feeding areas by nymphs of C.

resolutum and related thesé'results to the life histories



®y

reported ih Chapter'l.

In the experiments reported in Chapter 2, sinéle
nymphs_of €. resolutum did remain at areas of food
oohceﬁtration. Experiments presented in Chapter 4 were
designed to determine if diet could alter growfh rates to
the extent suggested byVMacan, and to determine if nymphs,
when presented with seVe;al feeding areas representing
a8 gradfent in food quamtity, remained at those area§
that would result ip maximum growth rates.

Experimeﬁts reported in Chapter 2 also indicated
somé nymphs are‘excluded from areas of food concentration.
However, because I did not continually observe the nymphs
in those experiments, I had no information on the
behavioural aSpecfs of the exclusion. Chapter 5 presents
a description of C. resoiutum's nymphal behaviour ;ﬁd
the results of an attempt to classify functionally the
behaviours. Using this classification of behaviours, I
determined wﬁether gperoutéame of behavioural intgractions
was site depé?dént. This analysis helped me to determine
whether ekciusion’of'some nymphs was a result of

ferritoriality.

s
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Chapter 1. Life cycles and food of Coenagrion resolutum

(Coenagrionidae: Odonata) and Lestes disjunctus gis junctus

(Lestidae: Odonata) populations from the boreal forest of

Alberta.-Canada 1 . ‘

, Abstract
H |
\ 3 ! .

\o In a boreal forest pond of Alberta, Canada{ some

a

nymphs of Coenagrion resolutum were univoltine

{
\ |
I
"\/ while othgrs were semivoltihe; all Lestes disjunctus
f\ dis junctus nymphs were univoltine. Life cycles and diet
\ -+ (mainly Cladocera and Chironomidae) of both species were

similar in the different vegetation zones.

1 co-authored by Hugh F. Clifford.



Introduction . T

Except for‘the studies of Pritchidrd (1964) and’ ‘ ; o ;ﬁ
Pritchard and Pelohat (1977), little work has been done’ | B
on the biology of Odonata in Alberta. Even distribution L h
of Albertan.odooates is poorly known; Cannings (198b)
notes the most recent literature on distribution is that
of Walker (1953, 1958) and Walker and Corbet (1975), and
these records are limited for large areas of the prov1nce

One purpose of this paper is to present life history
data of two aygopteran species from Alberta so that
results can be'compared with results from other geographic
areas. A second purpose ,was to test a hypothe51s corfcern- 13
ing variation of 1life cycles within a populatlon Macan )
(1977) suggested that life history variation within a
population of odonates'may'be due to nymphs in some greas
&

of a pond obtaining.less food and thus growing slower

than nymphs in other areas. We tested this by-studying

i
B

the life‘cycles of two zygopteran species in different
areas of a pond and relating the results to data on nymphal ' ;

diefs in the different areas.

v/(ﬂ . ' study Area

The study pond “lies in the boreal forest of Alberta.
approximately 2 ¥m north of the Blgoray Rlver (53° 31 N : o
115%26'W) ; see)Cllfford (19?8) for a descrlptlon of the

S ;



érea. The pond.was a "borrow pit," probably dug when
THighway'753 was built, and(%§ abproximately 7 m from the
road. The pit is rectangular in shape, approximately 85 m -
long by 12 m wide. The E, W, and S banks are steep, while
the N bank slopes very gently.- The gentle slope results
‘inAthe length of the pond chanéing drastically with water
level. 1In spring, the pond is about 85 m long; but during
f%w water, it is less than 50 m long. The bottom is of
mud and very soft.

- There were four major types of vegetation; Carex ép.

in the shallow parts of the pond, Potamogeton sp. and

Myriophyllum sp. in slightly deeper water, and Sparganium .

sp. in the centre of the pond. 1In May of both 1978 and
1979 the water level was highest, and Carex beds were in
at least 50 cm of water. As the 1978 season progressed,
the water level dropped, but even by freeze—qﬁ/(late
October or early November) the Carex was stili in at least

10 cm of water. In 1978, Potamogeton (Myriophyllum was

rare ia 1978) was in 30-50 cm of water during July and
August. The summer of 1979 was unseasonably dry and by

August 10 the Carex was completely out of water. In

summer of 1979, part of the Potamogeton zone was also dry
’ %

" ‘and Myriophyllum was very abundantgin areas still under

water. Sparganium was far more abundant in 1979 than

1978.
After ice-break-up in late April 1978, water

temperature (measured with a thermograph) rose slowly




during May and June (Fig. 1). The shallow pond was
susceptible to changes in air temperature and water
temperatures dropped during periods of cool, cloudy
weathef. Average daily water temperatures remained
fairly constant from late June to mid-August, at which
tiéﬁ the water started cooling. Water temperatures
continued to drop until freeze-up in late October or
early November. The higher water temperature in both
spring and fall 1979 reflected the hot.'dry weaéher
during spring and summer of that year.

Diseolved oxygen values ranged from 5.0 to 14.4 mg/1
(62 to 1#9% saturation). Although the DO content fluctua-
ted widely between sampling dates, there was a tendency" “
for higher values in late summer and eérly autumn. The

PH ranged from 6.9 to 7.6, with no discernable seasonal

pattern.

Methods

We sampled the pond approximately every 2 weeks
during the ice-fr-c¢ periods of 1978 and 1979. Samples
were taken with a dip net having a mesh size of 710 u.

One sample was taken from the Carex bed and one from the

PotamogetonQMyrIophyllum bed on each trip, if the plants
were present. In 1978 the mud bottom (devoid of
vegetation) was also sampled but no nymphs were collected

in this area. During 1979 we also took samples from the

12
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Sparganium zone, but few zygopterans were found in this

zone until late autumn, at which time the Carex bed and

much of the Potamogeton-Myriophyllum zone was dry.

Samples were preserved in the field with Kahle's
fluid. On most sampling dates, live Zygopteralnymphs were .
collected for gut contents analysis. Immediately after
these were collected, the nymphs were isqlated in 40 ml
plastic vials half-filled with dechlorinated water. Vials
were returned to the laboratory where the nymphs were kept
alive for 3 or 4 days, during which time nymphs defecated.
Fecal pellets of each individual were mounted on micro-
scdpe slides in polyvinyl lactophenol with lignin p}nk

dye added.

.. Life Cycles

Coenagrion resolutum

Coenagrion resolutum is widely distributed in ponds

and weedy, slow moving streams of Canada, and is
\esPeciallchommon in the north; it may be ‘the most.
northerly occurring species o{ ZygopteraixlNofth Aﬁerica
" (Walker 1953). | |

| InstarsY(% indicates final nymphal instar, F-1.
indicates peﬁé&timate nymphal;inétar. etc.) were defér-
mined by constructing a histogrém of head_wid?hs for
speé&mens COilecfed in 1978‘(Fig. 2). The resulting plot

of average instar head width (log scale) against instar

|
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number is a straight line and follows Dyar's (1890) rule
on insect growth. Only the final seven instars were used
in the analysis, hecause younger instars were impossible
to determine by the head width-frequency method. Also,
small C. resolutum nymphs were diffieult to distinguish

from small nymphs of Enallagma boreale, which were also

present in the pond. A nymph in the F-6 instar would
have a total body length of about 8 mm and would have
probably gone through abeut 5 or 6 instars.

Chi square tests of homdgeneity (Daniel 19?8)\were
used to determlne whether frequency of nymphs in the
dlfferent 1nstars was related to the type of vegetation
“the nymphs inhabitated. We had to combine frequencies
of instars F with F-1, F-2 with F-3, and E-Q with F-5
‘and F-6 to obtain a large enough sample.size.‘ Signif-
icance levels of these tests are given in Figure 3.
Histograms withour slgnifiéance levels were not tested
because only one vegetation zone was sampled or because .o
expected cell fregquency of two: or more cells was less
than five.

In'early May_1978. nymphs were large, mostxbeing in
instars F-3 to F (Fig 3). By mid-May, many nymphs had
'entered the final 1nstar and by June there were few F-5
or F-6 1nstar nymphs in the populatioen. “In 1978 adults
were observed between 1 June and 14 July. This suggests
emergence started in late May and corresponds with the

decrease in numbers of final instar nymphs during June>//”

’

;) - ' : j:%
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Howemer..some nymphs nresent in June did not emerge during
summer 1978; they were still present, in instars F-6 to
F-2, in ea}ly'ﬁuly when emergence was probably completed,
‘These nymphs grew during July, most being in instars F-4

to F-1 in late July. Late July was one of the few samp—\
ling dates in which distribution of instsrs béﬁween

ey

vegetation zones was not similar, there being a greater pro-

“portion of smaller individuals in the Potamogeton than in

N

the Carex (extensive collecting indicated that zygopteran

eggs were common in Potamogeton, but were absent from

| Carex and Sparganium.) In early.August, some of the’

nymphs that started hatching in late June had achieved

the F-6 and even_ﬁhs F-5 instar. At this time there was
also a very large number of nymphs in instars younger than
F-6. During August, September, and October, nymphs |
continued to gnow and by late Octéber many individuals
wefe‘in\thé final inétaf. Some nymphs of the new )
generation grew té the same size as nymphs hatchlng the

R
previous 'summer, and at this time it was impossible to

. . ~
distinguish between the two cohorts. During autumn there
‘was no s1gn1f1cant difference 1n instar distribution

betwezn Potamogetoh and Carex. w1th the exceptlon of

early October, when most of the. Potamogeton had died

away and the numb r of nymphs collected from it was very
. small. '
As was found in May, 1978, there was .a wide spread

_io{ instars in early May 1979. However; only a few final



.

HOctoberv1§78. No nymphs emerged between these.géfe

-

instar nymphs were collected in early May 1979, an

would not appear to agree with the histogram of late

Aperhaps many of the final instar nymphs died during the

winter. It is also possible, however, that thé low
numﬁer of final instar nymphs in early May is an artifact
due to small sample size. The late May 1979 hlstogram
was 81m11ar to that of May 1978. As in 1978, the number
of final instar\nymphs decreased during June and this

_ f
coincided with the flight period, 8 June - 25 July. As

"also found in 1978, there were some individuals hatching

. the year befgfe that did not emerge in 1979. Some nymphs

of the new generation started hatching in late June, and
early July 1979, grew rapldly during autumn, and eventu-
ally achleved a comparable 1nstar number to the non- emerg-
ing nymphs of the 1978 populatlon. In autumn 1979 there
was no s1gn1flcant difference 1n 1nstar distribution

between the'M Myriophyllum and §pargan1um beds.

The results clearly show tha@ some individuals were
semivoltine, while others were univoltine. The large'
numbér of nymphs}in instars F-31t0"F~in late autumﬁ-19?8
was a combination of two cohorts, some about 4 months in’
age and dther§ about 16 months in age. There was no
evidence that,1ife histories were different in different

: S
vegetation zones. ’

16
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. Lestes dis junctus dis junctus

Lestes d. dlS]unctus populations are widely distri-

buted in Cahada, occurring from Newfoundland to British
ColumPia and extending north into the North West

. S -
Territories and the Yukon. Walker (1953) reports L. 4.

disjunctuSwpopuiations to be found in "permanent ponds

with marshy or boggy margins and rich. aquatic,vegetation;
marshy bays and slow weedy stfeams.".

The 1ife cycle of L. d. dis junctus was the same in

both}years Small nymphs (total 1ength 5 mm) were first
.collected in late May, and this suggests eggs started
hatching sometime ;n May. Nymphs grew rapldly during
late May and June; and several indiv{duals were‘fn the
final instar by the third week of June, ‘at which' time
"there was a wide range of instars present However, in
July the populatlon consisted mainly of mature nymphs.
aAdults were flrst collected during the flrst two weeks'

_of July, suggestlng emergence began.in late June or early

July. By late July almost all nymphs were 1n the flnal

~

instar, and no nymphs were found after}m1d-AugUst. The >

flight period lasted until late August. Due to small
sample sizes 1t was impossible to-tesffstatisticallye'

“whether frequency of instars was different’ in the Carex

and Potamogeton beds. Figure 4 would indjcate no obvious

.differenees,' In summary, the L.-d. dis-junctus population

has a univoltine life cycle with a lbng'egg stage in

winter. .

[N
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« Food

Severa} authors have studied prey selection of
odohate nymphs infrelation to food availability (Chutter>
1961, Pritchard 1964, Thompson 1978). The general
¢onclusion is that nymphs $é£ prey in about the same
proportion,as prey occur in tpe field.  However, some
pdtential prey are not eaten as frequentl& as predicted
by their odturrence in the field. This is usually
. éxplained‘by microhabitat differences between the
odonates and the prey or by some characterlstlc of the
prey (hard elytra, large size, slow movement, etc ) that
. makes it difficult fer the odonate to find or kill -the
prey, In our'study we‘werexurtconcerned with comparing
- gut contents to prey avallablllty, but only in comparlng
the diets of nymphs: 11v1ng im different vegetation zones.

Prey items were class1f;ed 1nto.11 taxonomic groups,
which ﬁere recognized by such cheracteristics as claws,
mandibles, setae, etc. (Table 1). -Prey’were duanfified
by determlnlng the minimal number of prey present in
each taxon. For example, 1f a total of three Ephemeroptera
mandlbles was found, we scored the presence of two' |
fephemeropteran nymphs. If hoWever, only caudal - fllaments
of Ephemeroptera were found, only one ephemeropteran was
recorded. Any number of oligochaete setae xh a fecal -

~

pellet was scored as one ollgochaete. any - number of

;unrecognlzable insect partS'ln a fecal“pellet was scored
. " . ~ ) ‘ - N

L]
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as one unidentified insect.

To ensure an adequate sample size for statistical
analysis, we cdmbihed the.results of instars F with
instars F-1 and F-2 and the results of instars F-3-with
instars F-4, P-5, and F-6 (Table 1). Data of all
sampling dates for'each month.wéfé.combined for the month
in question. Chironomids and Cladocera were the most
important food items in the diet of both large and small
C. résolutum nympﬂs. On most sampling dates, chironomids
and cladocerans constituted more.than 507 of the prey
items in the gut confents;)on several days tre total was
ﬁuéh greater than 50%. Ostracods weré aiso numerous in

the fecal pellets and were ®occasionally more numerous

B .,

" than cladocerans.. Rotifers and copepods were of less
importaﬁce but were recorded thfoughout the seasons.

- Chaoborus larvae and smallfzygopteran nymphs were present
in fhi:pellets only in late summer aﬁa autupn.i Thié

prdﬁab y reflects the seasonal abuhdaﬁce of these prey
items in the pond, e.g. zygopterané were p?esent in the
fecal pellets only when large numbers of small ;ygopterans 
were present in the poﬁd.' Zygopteran nymphs were fairly
'commoE prey items in August; this is in coﬁtrast to other
studies (Pearlstone 1971, Thompson 1978)"which report |

: coehagfionid nymph; not feeding extensively on other
6d6n3tesw | - | )

As with g.‘resolutum nymphs, we combined the results

of nymphal instars F, #-1, and F-2 of L. d. disjunctus.

4 .



‘We also combined the results of nymphs. with head widths
ranging from 1.6 to 2.4 mm. The percentage composition

of gut contents of L. d. disjunctus nymphs was similar

to results for C. resolutwm; however, L. d. disjunctus
nymphs had more pre; items in their guts than C. resolutum ‘-
nymphs (Table 2). Aiﬁ
' Mann-Whitney tests were used to comQFre nymphal
dlets in different vegetatlon zones-. Datalof instars
F'to F-2 were analysed separately from data of instars
F-3 to F-6. Prey items were classified as "large"
(unidentified insects, ‘chironomids, culicids, Chaoborus,
odonates,vephemerépterans,,and oligochaetes) or "small"
(cladocerans, ostracods, copepods, rotifers). Due to
small sample Sizes and because on some datés ohly one
vegetation zone was sampled, sthere were only six dates
available to compare diets of C. resolutum nymphs from

- Carex and Potamogeton. On four of these dates, wé

‘compared both the F - FP-2 and F-3 - F-6 instar groups ;

on the remaining éwo dates we compared only the F-3 -

F-6 instar groups, giving a;total of 20 tests; It is
imf@artant to'noté that when 20 éests are anaiysed on
random data,.approximately 1 would be expecfed to be

- "significant" at the 0.05 1evel. Oniy one compérisdn wéé
p0881ble of L. d. dlsqunctus. Results indicate there were
only two instances of 81gn1flcant dlfferences in diet of

C. resolutum nymphs inhabiting'either the Carex or

Potamogeton beds (Table 3). And there was no significant °



difference in diets of L. d. disjunctus nymphs from Careéx

or Potamogeton.

Discussion

Coenagrion resolutum

-

The life cycle of the C. resolutum population of
our study is different from that reported by Sawchyh and.

C. resolutum populatioh ﬁear

Gillot (1975) #Aor a
Saskatoon, qukatchewan.m The Saskatchewan population had
a univoltine life cycle and the ent;re population over-
‘wintered in the final three instars. In contrsst, nymphs
of our study overwintered in a wide range of instars

(F to some younger than F-6) and some nymphs were clearly
semlvoltlne whereas others were univoltine.

Varlatlon of C. resolutum's Tife cycle .within our
population (i. e. unlvoltlne or semivoltine) may be due to
several factors. Parr (1970) suggested the dlfferent
life cycles of Coenagrion puella in a pond in noythern‘

England were under direct genetic control. The same

point was made by Schaller (1962, in Parr 19?0), who

found the voltlnlsm of Aeshna cyanea . was 1nfluenced by

genetic factors. We have no.fleld.data to suggest the

slow and fast'developing cohorts were detqrmihed by

differences in genotype.f - o |
. Variation in life cycles may be related to the

length of the flight period. Nymphs that hatch from,eggs

21
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laid early in the flight period will have more time to
developvthan eggs laid late in the season. In our study
the flighf'period lasted at least 6 weeks, and possibly
some eggs were laid as much as 6 weeks earlier than others;
this could account for some animals developlng'in.one
year while pthers (those hatching from eggs laid late in
the seasqn) are not mature by the next emergence perlod
and overw1nter a' second time. However, the flight perlod
recorded by Sawchyn and Gillot (1975) was even longer
than ours (approximately 8 weeks) and their population
was entirely univoltine. |

Macan (1964, 1977) suggested variation in life

cycles was due to different diets in different micro-

habitats. He found Pyrrhosoma nymphula nymphs living in

Littorella developed to maturity in 2 years while Bymphe

living in Carex developed in 3'years; however he did not

analyse gut contents of nymphs from the different

" vegetation zones. " Pearlstone (1971) found Enallagma -

boreale nymphs 11v1ng in "water 1illies or horsetalls"
ate a%?rox1maxely twice as much food as nymphs found, in
"sedges", but he did not -analyse the-life cycles from the
different areas separately.

. In our study, the life cycle was not dlfferent in ¢
the -different vegetation zones and there was no obv1ous}
dlfference in diet of nymphs in the different zones.-

Thus, there is no evidence that variation’ in growth rates

is related to mlcrohabltat use. However, this result
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does not rule out the possibility’that the univoltine-
semivoltine.ﬁichotomy wés caused by d%fferences in diet
related to.differences in location of nymphs. ‘Baker
(1950) showed that nymphs of C. resolutum in the labé;a—
tory remainedonear profitable hunting sites, and when
several nymphs were present some were excluded. In the
field, pf@fitable hunting sites may be indébendent of
vegetation types but dependent oﬁ factors such as
proximity to fhe water ;urface orAto the sediments,

orientation of the substrate (horizontal, vertical, etc.),

degree of light penetration, etc. Clearly, field evidence N

that different types of voltinism within a population is

caused by diet related to microhabitat use will be

difficult to obtain. Fu}ure studies of this problem may

have to entail an extremely detailed analysis of growth

and diet in relation to microhabitat use.

Ll
\ 3 YL

Lestes disjunctus diéjunctus

o~

The life cycle of the L. d. disjunctus population

reported in this study is similar to the life cycle of

L. d. disjunctus in Saskatchewan reported by Sawthyn and

Gillot (1974). We first collected very small L. d.

disjunctus nymphs in late May, and this compares well
with Sawchyn and Gillot's findings that eggs hatched in

early May and nymphs in instar F-4 were first collected

. - - ‘

'in early June. In both studies, final inStar nymphs were

Y
‘
.
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collected in late July and very few if anywnymphs renained
by the second week in Aogust. The only difference in life
histories between the Saskatchewan and Alberta populations ‘
appeared'¢ohbe the spread of instars at'any one time.
Sawchyn and Gillot never found more than three instars in
the population at any one time, while we found aklarge
range of instars in late June; howeve97there was‘little

~

variation in instars by early July. .

The 1ife cycle of the'Lﬂ d. disjunctus population-
from the boreal forest of Alberta was also similar to the

life cycle of a“L. disjunctus australis population of

‘North Carolina reperted by Ingram (1976). However, in

5 - the Alberta population small nymphs were present earlier

in the spring than in the North Carolina population, and
in the North Carolina population several nymphs in the

final instar were still in the pond in mid—August:

All three reported 1ife cycles of L. disiunctus'were

similar in that all individuals wére univoltine, and this

is, in part, oapparently due to eggs overw1nter1ng in"a

.dlapausecsgiie and hatchlng synchronously in the spring s

(Sawchyn and Gillot 1974) . However, Baker (1981) has

shown nymphs of L. d. d1s1unctus, in contrast to C.

resolutum, do not appear to remain at areas of food

,concentratlon, nor do they exclude other animals from

such areas. - Therefore, p0331bly the synchronous devel -

opment of L. d. disjunctus nymphs is due in part to-.a

g

lack of spaelng behaviour in relatlon to feedlng areas.
Q R
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Table 1. Percentage composition of prey, 1. .ber of nymphs
studied, and number of prey per individual of nymphs of

C. resolutum. TLarge = instars F - F-2; Mid = F-3 - F-6.
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Table 1. (Continued)
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Table 2. Percentage composition of prey, nufiber of

nymphs studiedz and number of prey per individual of

nymphs of L. d. disjunctus.
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Table 3. 'Results of Mann-Whitney tests (U statistics)

and sample sizes for diet of C. resolutum and L. d.

dis junctus nymphs in Carex, C and Potamogeton, P. See

text for details. * P=0.05; ** §=o.o1.

\

\ . Number of

Large Small specimens
prey ~ prey c p
'C. resolutum ' ,
- 2/8/78 ‘
F to F-2 52.0 63.0 13 9
F-3 to F-6 ‘ 37.5 19.0 12 7
15/8/78 o |
F to F-2 23.0 34.0 10 9
F-3 to F-6 b5, 5%%  120.0 16 15
24/8/78 . : ,
F to F-2 10.0% 24.0 7 8
F-3 to F-6 : k5.0 2 32.0 10 10
11/9/78
F to F-2 . - 11,0 i4.0 8 5
F-3 to F-6 36.0 22.5 8 11
27/9/78 |
F-3 to F-6 - 23.0 19.0 6 8
8/6/79 | | -~
F-3 to F-6 23.0 14.5 5 13
L. d. disjunctus | L
4 %

26/6/79 ‘ |
F to F-2 66.0 86.5 9 21
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Head width (mm)
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Chapter 2. Use of space in relation to feeding areas

by nymphs of Coenagrion

resolutum (Coenagrionidae:

Odonata) in captivity

e

A

Abstract

It

Spacing beRaviour by nymphs of Coenagrion fesolutum,

. was studied in the laboratory. Solitary nymphs found

and remained at feeding

sites; when several nymphs were

present some were excluded frdm feeding sites. Nymphal

.size had no effect on positioning of solitary nymphs at

féeding sites, but wﬂéh
nympﬁs excluded émallgr
feeding site by a nymph
remaininé there when an
presented with ; number
stayed at only one site

‘presented with only one

nymphs occurred together,hlarge
ﬁymphs. Prior occupancy at a
did not enhangs its chances of
intruder was added. - When ‘o

of feeding sites, sdlitary nymphs

‘as frequently as™did nymphs

site. Results are(gﬁécussed in

~relation to possible effects of spacing behaviour on

2ygopteran life history

and predator-prey dynamics.
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Introduction N‘

Nymphs of Odonata are common predators in the littoral
areas of lakes and ponds and in the bentbos“of streams;
they feed mainly on aquatic invertebrates, particularly

insect larvae and ‘small crustaceans. . Population densities

"<

of nymphal odonates are sometlmes very high (Benke 19?6),
and this, coupled with their 1mpress1ve appetites
(Lawton 1971), has prompted several authors to suggest
pos31ble mechanlsms fo? predator- -prey coex1stence.
I Benke (1976) suggested that dense populatlonS'of
anlsopterans can destroy prey populatlohs that lack
. refuges. Lawton et al. (1974) and Akre! and Johnson (1979)
.suggested that zygopteran nymphs may concentrate thelr
‘predatlon on the more common prey. resultlng in protectlon
¢J’of prey populations from extinction. Crowley (1979\
suggested that zygopteran‘nymphs in areas of low prey
den51ty dlsperse to areas of hlgher prey den31ty
Based on ev1dence from field populatlons, Macan
(1973, 1977) suggested that terrltorlality of nymphs may.
be 1mportant in malntalnlng predator prey systems " When

nymphs of Eyrfhosoma nymphula were - abundant Macan (1964)

found that some took 2 yea(sftp completé nymphal develop-
“ment, others 3 years; when nymphs wereiless abundant the
entire population completed nymphal development in 2 years
Macan concluded that the ‘number of hun{ing 31tes is limited

and that fast—grow1ng nymphs are those that remain 1n

38
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optimum huntiné areaé. while éldw-growihg nymphs are
"rélegated" to sub-optimal areas of little food.

The purpoée of my paper is to report results from
experiments designed to test two major hypotheses that
follow from Macan's observations: (ij‘solitary nymphs
find and remain at'productive hunting sites, and (2)
when several nymphs are present, some are excludedrfrom
productive hunting sites. Results’ from my initial
studies prompted me to experiment with the effects of
alternate feeding sites;, nymphal size, and prior occupancy

on the use of space at productive huq;ing sites.

Materials and Methods

.Nymphs: of Coenagrion resolutum (Hagen) were uséd

in all experimenté. Cannings and Stuart (1977) report the
nymphs "inhggit a wide variety of still waters from
-marshy ppnds{and grassy ditches to sghagnum bogs and
ﬁeedy'sfrgamsQ“ ] "
Ail nymphs‘dsed were collected withﬁa dip net on
8 May 1979 ffom aquatic vegetation (primarily Carex) "of
a small hohd in the boreal forest zone of Alberta, near
the'Bigoréy Ri&er (53°31'N;A315°26'w). For a general site
descoription of the area see Clifford (196§).
In the laboratory, nymphs in instars F-4 to_F?l -
(final ins%ﬁr hymphs were dé§igﬁate¢‘as F.:pbnultimate as-
F-1, etc.) were placed ingividual;yAin uo?ml plastic vials

1
.
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supplied with a small etick,for a perch. Approximately
400 nymphs were housed in this fashion. Animals were kept
at room temperature (20°C) and at a photoperiod of 16L:8D.
“Each. nymph was fed one small enchytraeid (Oligpchaeta)_
worm each day. '

Plastic tanks (29 by 18 by 13 cm), each containing
a "lattice” of 2.0 mm doweis, were used in all experiments.
'In experiments 1, 2, and 3 the lattice was a rectangle
(10 By 15 cm) supported at the four corners by vertical
dowels 10 cm hlgh (Fig. 1). The base of one upright
dowel rested in a plastic vial (2.0 cm high by 2.5 cm'in‘
diameter) that contained food. This dowel will be .
referred to as the ""food stiek." Tanks were covered on _'g?: |
three sides with white paper and arranged so nymphs
could not see into neighbouring tanks,tiTanks were f;&led;
to the brim With water. The lattice was divided into
eighteen 5 cm units for classifying location of- ‘nymphs .
P031t10n of nymphs not on lattices was recorded accordlng
.ta‘whlch corner of the tank they were nearest.

Nymphs in tanks that contalned more than one indivi-

dual were marked by clipplng the tlps of the caudal

lamellae the day before the experiment.



Experiments

Experiment 1. Effects of food level and nymph density on
position of nymphs )
The first experiment was designed to test the
hypotheses that (13 solitary nymphé find and remain at

productive hunting sites, and (2) when several nymphs are

present, some are excluded from productive hunting sites.

Methods

Three food levels (no worms, two wbrms/day,‘abgﬂdant
worms, i.e. more than éll the nymphs in the tank could
eat in a déy) and thee densities of nymphs (one nymph/
tank, two hymphs/tank, four nymphs/tank) gave a totai'of
nine éxperimental conditions. Each experimeﬁtal condiﬁion
was replicated in eight tanks. o .

At 1000 hrs, 12 May 1979, nymphs in instars F-4 or
F-3 were gently pgured\into the centrés of the tanks. The
posiyion of each nymph was recorded five times a day, for
.10 days, at approximqtely 2-h interﬁals, starting at‘O9OO

hrs; observations bégan at 1200 hrs on May 12. . N
| . _ . | s
Results .
Single nymphs in groups with food were ﬁsually first
seen on the food stick within the first 2 days of the |

experiment,,although‘one was not seen étvthe'fodd‘stiq§1,

T

during the first 8 days. After finding food sticks,

nymphs remained there for extended periods, often more

..
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than 5 days. Six of the fifteen nymphs that found the
foéd stick early in the experiment remained on the food
stick until the end of the experiment, nine of the fifteen
left food sticks after remaining there for several days.
Four of these nymphs mdved only a short distance from the
food stick and returned after three or four observatlons,
but five nymphs left the food stick and did not return to
"it for periods of 8 to 19 observations.

While onifood sticks, nymphs showed little preference
for either the top.br bottom of the stick, even’though the
bottom was closer to the food. Therefore I analysed the
data with respect to frequencies of observations of nymphs
on and off the stick‘(Tablq 1). If a nymph died dﬁring_
an experiment the results fr&% that tank wére not analysed.

Wheh oﬁly'oﬁe nymph was in a tank, nymphs in the
no-food group were on the food stick in 11% of the obser-
~ vations, while those in the tWo—worm and abundant-fbod
groups were on the food étick in 60%‘and 51% of the
| observations respectively. A‘Kruskal-Wallis-fest showed
ﬁ‘sigﬁificant (P < 0.05)‘difference among the groups.:

" This difference was due_to'the low’géequency in the
no-food group, since a'Mann—Whitney test showed nd
‘dlfference between the two-worm and abundant-food levels
(P > 0. 05) Thus, the hypothes1s that solitary nymphs
find and remain near food is supported. g

I used Kruskal-Wallls tests to determlne effects of
-nymphal den31ty on frequen01es of observajlons of . nymphs

‘ BT
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on food stlcks. Both the two-worm and abundant food
levels showed differences. (P < 0.05) am%ng the one-,

two-, and four-nymph. groups. The number of times
individual nymphs were on the food stick, relative to the
number of nymphs present,'waé reduced with incfeasing
density. This indicates that nymphs wereAnot behaving
independently of each other an§ suggests that SOme were
excluded. No significant difference (P > 0.05) among
groups was found in the no- food level.

The effect of nymphal density on frequency of
observations of nymphs on the food stick suggests that
behavioural interactions may limit the use of feeding
areas. However, this indieates only that there are
iﬁteractions; it provides no evidence that some nymphs
are observed‘en‘the food stick more than others.  To
determine whether sohe nymphs are exciudedgfroq the food
stick the results from each tank must be analysed
separately. The Question of interest here is whether the‘-
number of obserations'of‘individuals en the food stick
is equally divided ameng.those‘present. Unforfﬁnately it
~is difficult to statistically analyse the results from
eacp tank separately because each observation cannot be
~used as an independent sample. That 1s, the p081t10n of
a nymph at one time. w111 1nf1uence 1ts position at a 1ater
time. Therefore. rather than use an 1nappropr1ate test,
I have:simply presehted the frequency of individual nymphé

on the food stick in Table 2.
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]

Of the 16 tanks with two’nymphé;and food present,
many tanks showed large differenceé between the two nymphs
with respect to number of observations on food sticks.
That is, one nymph remained at the stick while the other
was rarely recorded there. 1In the tanks with small
differences between the two nymphs, indiQiduals'were
rarely at the stick at the same time. Instead, oﬁe would
be at jhe‘stick for part of the %ime and then be replaced
by the other. This replacement was often sudden, i.e. one
nyﬁphrwéuld be on the stick for 10 to 20 observations in
a row and then another nyﬁph would appear on‘the food
stick and the first'nymph'would be displaced. jIn tanks
with four nyﬁphs, most of the tanks showed large differen—
ces among the four with respeét to number of ‘observations
on the food stick. 1In ﬁany tanks, one or two of the

individuals were rarely, if.ever, seen on the stick.

Experimentlz. Effect of prior occupancy on posi{ion of
- . nymphs. | |
 “"Resqlﬁs?frdéfExﬁerimeﬁt'1Vindicated that some nympﬁs
were excluded from the food stick. To test whether the
nymphs' previous expgrience in the tanks ﬁad én effect

on exclusion, I designed an "Intruder" experiment.

.-

Methods
~ - Nymphs (intruders) were added to tanks that contained
a hymph;‘aﬁd the positions of both animals were recorded.

Original nymphs were added at 2100 hrs 25 May to 24 tanks.

»



All‘fanks had abundant food. Tanks were separated into
three groups (A, B, C) of eight. At 0900 hrs 29 May, a
single marked intrﬁder was added to each A tank. Single
intruders werenadded to each B tank at 0900 hrs 31 May
and to each q tank'at 0900 hrs 2 June. Thus, originhl
occupanfs were alone for three differenf durations (A, 8l
h; B, 132 h; C, 180 h) before intruders were added.
'Observations (as in Experiment 1) began at 0900 hrs

26 May and continued until 1700 hrs 5 June.

Results -’

For'each of groups, A, B, C ﬁTable‘B shdws the
proportlon of observations on the food stlck out of the
first 19 observatlons after 1ntroduct10n of 1ntruders
Because theﬂC group was observed only . 19 times after:
1ntroduct10n of 1ntruders, only the flrst 19 observatlons
from the A and B groups were used in the analysis to avoid .
effecfs caused by.differences in:the'length of time nymphs
were together. A Krusksl-Wallis test indicated there was
ﬁo‘significant'difference (P > 0.05) in frequency of
original nymphs on food sticks. Similarly there was no -’
significant dlfference in frequency of 1ntruder nymphs L
6n food sticks. There was no dlfference (Mann—Whltney, 
P >-0.05) between frequency of original and intruder
nymphs on the food stick when tﬁe.grbups were cgmbinedi
Thesé results suggest that priorvoccupancy copfersino |

advantage to original nymphsfwith respect to oécurrence

&
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~on the food stick. This differs from many studies on
territorial animals in which previous residency enhances

the resident's chances of remaining in the area.

ﬁkperiment 3. Effecf ef nymphal size.on position of
nymphs |
The third experiment was'designed to test whether:
+body size had an effect on single nymphs remaining at

' hunting sites and to test whether size was related to

'

exclusion from hunting .sites.
| .

Methods
To compare the positioning of solitary nymphs of
=\ifferent sizes, I added singlei"medium—sized" nymphs
' (instar F-4 or F-3, total iength, 10 to 13 xmn) to each
of eight tanks and single "large" nymphs (instar F-1,
totdl length 19 te 20 mm) to eight other tanks at
2100 hrs 25 May. All tanks had abundant food Observa-
tions (as in Experlment 1) began at 0900 hrs 26 May and
»ended 1700 hrs 5 June.
| To compare the pos1tlon1ng of dlfferent 31zed nymphs
1n the same tank, a palr of nymphs (one medlum-31zed and

¢

- were made for the same period as for the solitary nymphs

one large) was added to elght ?ther tanks. Observatlons

of dlfferent sizes.
-
Results

‘The frequency of‘observations.of single large nymphs



:
on the food stlck Qas not differenﬁ (Mann-Whitney,
P >-0.05)jfrom the frequency of single medium-sized
nymphs on the food stick (Table 4). When large and
medium-sized nymphs were together, the large individuals
were on the food stick in 52% of the bbservétidns, the

medium-sized nymphs in only 8% of the observations. A

‘Mann—Whitney test indicated these results were significan-

tly different (P < 0.05). The'frequency df observations
of solitary large nymphs on the food'stick'wes not
significantly different from that of large nymphs when
medium-sized nymphs were present (Mann-Whitney P> 0.05).
However, the frequency of observations of solitary medlum—

sized nymphs on the food stick was greater than that of

:medlum—51zed nymphs on the food stick when large nymphs..

were present (Mann—Whitney P < 0.05).
Thus solltary large and medium-sized nymphs remalned

at a food s1te with equal frequency; but when placed f_

i
/

together,- large nymphs excluded the smaller nymphs from
the preferred sités.' In one tanif, the large nymph kllled
and ate the smaller one. Clearly, whatever the nature

of the 1nteract10n, body size is 1mportant.

) Experiment L, Effect of alternate feeding sites en

- position of nymphs"

Experlment 1 1ndlcated that nymphs p051t10n them-

\selves at productlve huntlng sites when only one s1te is

available. The fourth exper;ment was designed to test

b7
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whether nymphs position themselves at only one site when

a number of ‘equally profitable sites are available.

Methods . N
For this experiment the lattice structore'was
modified. Food vials were added to the base of ail four
supports, and an extra vertical support was added to the {
middle of each of the long sides of the rectangle. The
extra vertical supports were added so that nymphs would
have easier access to the lattice from the tank bottom.
Thirty-two . tanks were arranged in four groups
(A, B, C, D) of eight tanks each. Indiviouals in the A
group feceived one worm each-day in only one ‘of the four
dishes (the same dish each day). Individuals in the B
group receiv;d one worm ih each dish each day. Individuals
in the ¢C group received two worms in one food dish (the
same dish each day) each day and those in the D group '
received two worms in each food dish each day. fA single

nymph in instar F-3 or F-~2 Was added .to each tank at

0800 hrs. 14 June. Observations (as in'Experimenf 1) began

at 1000 hrs 14 June and ended 0900 hrs 24 June. . - QN
Results
Results are shown in Table 5. "best stlck " the

uprlght stick that most often had a nymph on it, was
detenmined for each nymph. In groups A and C (only one

-dish with food) the best stlck was always the one w1th

food in. the dish. Within each food leye} (one or two

1} . . e
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worms) there was no difference between groups in freéquency
of observations at the best stick~(Mann-Whitney P> 0.05).
That is, in tanks with four feeding areas,knymphs stayed
at one of the-sticks as.frequently as did nymphs in tanks
with only one feeding area. This may be impértant in
extrapolating my results to field situations. _In the
1ittoral area of a lake or pond profitaple hunting dregs

may begare abundant than in the tanks with a single food

gr, these results éuggestvthat in areas with

\ l Discussion
Wilson (1975) defined territory as "an area occupied
more ‘or less exclusively byianimals or groups -of animals
by means of repulsion through overt aggressioﬁ or adver-
.tisemént.“ With respecf to the "more or less" éxclusive
use of an area; my results support Macan's Sugge?tion |
that zygopteran nymphs are territorial.\‘Solifary'nmehs
_feﬁained in areas of food éoncentraﬁipn, even if‘foéd
concentratioh was 1low and other areas of food condentrg;
| tidq were.nearby. 'Wpenjséveralvhymghs were present some
individuals reméihed at profitable feeding areas while .
others were excluded. With;résﬁecﬁ to ﬁhe means of
répulsioh’gedtion of Wilson's definition, my data suggest
on;y;that nymphs intefact aﬁd that body size in-importaht
~in tﬁe interdction. The hypothesis that nymphs are

féﬁhting sites, nymbhs stay chiefly at one-site.
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territorial cannot be completely tested until, as suggested
by Murie and Harris (1978), information is collected on

" both the use of'space, and the location and outcome of

~

interactions.

Whatever the nature of zygopteran spacing behaviour,
the fact that nymphs do exhibit spacing behav1our may
have profound effects on the life history apd population
dynamics of @ygopterans.; Chironaomid larvae.and cladocerahs
are usually reportedvas the.most common prey of Zygoptera
(LaWton 1970, Pearistdne,1973,.Thompson-1978). As
suggested by Macan (1964, 1977), these prey items are not
randonly distributed,but clumped. The distribution of
many cladoéeran species in littoral areas of lakes’and ]
bonds depends in part on water depth, species of -
vegetation, and substrate type (Smyly 1957, Quade 1969,
Goulden 1971).. Whiteside (1974)‘has shown some ohydorids
exhibit clumped distributions'eveh over "apparently
uniform habitat." ‘Species of chlronomld larvae also’ show
preferences for particular mlcrohabltats. Slmllar to
llttoral cladocerans, distribution of chlronomld larvae
can depend on species of vegetatlon, substrate type, etc
(Boerger 1978) Given a contaglous d;\;rlbutlon of prey,
my’ results suggest that some nymphs will remain in areas
of prey concentration whlle others -are excluded. If
,nymphs in productlve feedlng areas grow faster than

those 1n poor feedlng areas. the exclu31on w111 result in

retarded growth of some nymphs. In fact, growth may be so

~.

2
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retarded that the slow-growing nymphs cannot emerge in
the same season as the fast;growing nymphs. Thus; specing
behaviour may Help determine'the number of adults that
’emerge in a season.
Results of my study are important in interpreting

the results of Akre and Johnson (1979) and Crowley (1979)
Akre -and Johnson (1979) found that nymphs of Anomalagrion

hastatum concentrated their predatlon on the most common

- prey species when Daphnia and Simocephalus were .offered

together. They hypothesized fhat this "switching" - A
behaviour was due to a change in search mode. That is, |
~ when mobi;e_prey‘are most abundanf thexnym hs wait and
ﬂgnbush the prey whereas when the prey are éeseile the - .

‘nymphs walk around, thereby increésing the encounfer_rate.

Crowle& (1979) d¢id find that nymphs of Ischnura vertfiaiis
spent more time walking;ﬁhen‘no prey%or‘seésile prey was
offered compared.noiwhen mobile nrey waS'offered. but he
noted that the difference in time spent walklng was small.

He also noted that the Daphnla and Slmocephalus he used in .

his experlments tendéd to ~occupy different areas of his
tanks. Crowley suggested that the 1ncrease in time spent
walklng by hungry nymphs represented a "dlspersal" of h
. nymphs to a new ambush site rather than a change in .
searoh mode. Thue the switching behaviour feported by B J
.LAkre'and Johnson (1979) mai be.explained by the nymphs /f
rnfeedlng in different areas. My results confirm. in part'

3

Cro 's hypothes1s. Slngle nymphs of C. resolutum did
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move from areas of no food to areas of food concentration
and then remained at that area. It is important to note

*that the experiments of Akre and Johnson (1979) were done

-
N v

with a single nymph in each tank. If sevéfal nymphs were
used, the results frombmy expériﬁents suggest some nymphs
would have remained in the area of high prey concentratlon
while others would be excluded to areas of lower prey
concentration. Thus, some nymphs, i.e. the excluded ones,
may héve fed more heavily on the less abundant prey than
on the more abundant prey. |
| ﬁy results are also, relevant to Benke's (1976)
suggestion that "interference among 6donate larvae" is
unlikely to alter the effect. of nymphal odonates on prey
populatlons.» Benke bases this idea on hlsﬁ§uggestlon .
that 1nterference is "most likely .%o be manafested by
1nterodonate predatlon" and on the fact that such >
"predatlon is rare. MX results show that nymphs do
‘"interfere" ‘with éach ofher‘butIWithout prédation Bj
'Lhmltlng the mimber of predéters in an area of prey
concentratlon, spac;ng behav1our may r‘Buce predatlon

’

~ pressure on prey populations.
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Table 1.
sticks out of the total number of obsérvations.
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0.11 7 0.06 0.08
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0«60 0.35 0.23

. " ‘\ .
400 800 - 1400
0.51 0.39 0.20

e



Table 2. Frequency of observations of individual nymphs
~on food sticks out of the total number (50) observations.
Nymphs are ranked according to frequency on food stick.

2w = -2 worms; ab = abundant food.

2 nymphs
_ 2w ab 2w
Tank #
1 2 1 2 .1 2 3
1 32 o0 27 2 16 14 9 5
2 25 5 35 13 33 32 1 o0 e
3 17 12 11 16 23 8 4 0 36 13- 1 ?rvg-»;“
- : ' LRI
b .20 3 29 21 27 6 5 0 27 19 12 8-~
5 30 23 24 22 % 20 6 5. 1 26 15 14 7
6 24 11 3% 8 32 10 9 0 30 127 5 2 .-
) 3 - . . .»”h J ,.,’,
@ 22 9 3 10 32 12 & o0 33 12 & o
'8 22 19 32 3 22 20 1 o 25 1% 1B 4
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Table 3. Proportioﬁ of observations of nymphs on food
sticks out of the first 19 observations after the addition.
of iptruders.' N.represents number of observations. - See

text for explanation of groups.

Group A Group B Group C

original . - ' v
N - 152 . 133 152 T
Propoftion 0.4 ©0.38 0 9.0.18 .

N : o LA e
intruder

N S 152 . 133,
Proportion 0.13 0.47



Table 4. Proportion of observations of medium- and
.large—éized nymphs on food sticks. N represents number

of observations.

L £

)

large .. meédium - large with medium with

alone alone medfum -~ .lenge
N ” 4o . 385// 385 | 385
Proportion 0.56 - 0.50 . = 0.52 0.08

e

\\
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Table 5. Proportion of o_SSfr_"yations- of nymphs on "best
sticks". N represents number of observations. See text
for explanation of groups. S o a
) . ’ e
i A B C D
N - 357 357 357 357
Proportion 0.33 0.32 © . 0.24  0.25
g
N
. , 'Q "_“3.:‘, .

&
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Figure 1. Diagram of the lattice. Lattlces were fas»ened

to the taﬁk bottoms w1th 'silicon.

‘%
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by spacing behaviour of nymphs .

4

Chapter 3.\ Use of space in relation to areas of food

concentratio

.by nymphs of Lestes disjunctus dis junctus
(Lestidae: Odonata) in captivity
Abstract ~

Laboratory experiments provided no evidence that -

solitary nymphs of Leétes disjunctus‘digjggctus remain

near areas of food conqentratlon. also, there was no
evidence that the presence of other nymphs affected the‘
use of feedlng areas."-These results are 1n contrast to

previous results for nymphs of’ Coenagrlonfresolutum and

4&:

support the hypothesls‘¢hat 1;fe histories are affected

2

&
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Introduction

R

Macan (1973, 1977) suggested that differences in

growth rate of nymphs of g’frhosoma nymphula'(Sulzer)
(Coenagrionidae) from a single population were due to
some nymphs excluding others from areas of food concentra-
:.tion; Baker‘(1980) showed that under laboratory conditions

Single nymphs of Coenagrion resolﬁtum (Hagen) (Coenag-

rionidae) find and remain at areas of food.concentration
and that when seVefal ﬁYmphs are preSent some are excluded.
In the populatlon from which the experlmenfal anlmals for
ethat study were taken, some anlmals completed development
in 1 year, others in 2: Another zygopteran, Lestes |

dls]unct&e dls1unctus (Selys) (Lestldae). collected in

the same pond from which the C. resolutum nymphs were -

collected, showed very little variation in life‘history.

:»The-synCHronous development bf nymphs'of L. d. disjunetus
is no gpubt partly due to eggs overwin;ering in a diapause
. state and to hatching being synchfonized (Sawchyn‘and
‘Gillot‘1974). _Howevef:‘I felt the synchronous development
of L. d. disjunetug nymphs‘may also reflecf.a lack, or

.at least_a different form, of spacing behaviour-es seen
iﬁ'g. resqlutum. - The purpose of this paper is toJrepof*a

:tﬁejresults from experiments designed to test (1) whether

_hymphs of L. d. disjunctus remain at areas of food concen-
tration and (2) whether when several nymphs are present

some are excluded from Areas of food concéntration.

L'
¥

>
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Materials and Methods
" v

Nymphs of L d. disjunctus were collected from the

same pond that anlmals for the C. resolutum experiments
were collected from (Baker 1980) on 28 May 1980. The
-pond is near the Bigoray River, Alterta (53031'N, 115°
26'W); ége Clifford (1969) fof a general site description.

In fhe-laboratory.véo nvmphs with head widths
ranging ffom 2.5 tol3.O mm'(noVnymph was in the final
iﬁstar)'wefe.képt'individually in 40 ml plastic viaié
.supplled with a small s;;ck for. a perch. Animals were
tkept at room temperatuézv(zo C) and at a photoperlod of
. 16Lz8D. Each nymph was fed one small enchytraeid
| (Oligochaeta) worm each day.

Plastic tanks (20 x 18 x 13 cm) each containing a_
"lattice” of 2 mm dowels were used for obéervafions.
 The tanks and lattices were identical to thosé‘used in
the exﬁeriment with C. fesolu}gm. The lattice mas a ‘
horizontal rectangle (10 2.15'cm)'suppbrtgd at the four
' corners by vertical dowels. 10 cﬁ high. The base of one -
upright-doyel‘(referred to as the,food.stick) rested in
a plastic vial-(z.o’cm high‘x‘z}s cm diameter). that was
used‘to h5ld_food.> Tanks were_covered'oh three sides
j.with white bapey and arranged'éo nymphs could not see
.into neighbouring tanks Tanks were flll.ﬂ to the top
'Wlth dechlorlnated water. The lattice was divided 1nto

eighteen 5-cm units for class1fy1hg Iocation of nymphs.

. B



Position of nymphs not on lattices was recorded'aecorﬂing
to which corner of the tank they were nearest. Nymphs in’
tanks that contalned more than one individual were marked
by clipping the tips of the caudal lamellae t - - ay T
before the experiment. L
There~Were three ‘experimental cbnditions{ (1) one 5
. nymph/tank with no food, (2) one nymph/%ank with abumdant'
foods (3) four nymphs/tank with abundant food. Each :
condition was replicated in 10 tanks. . o 4
‘At 0930 hrs, 31 May 1980, nymphs were gently poured }
from their vials into the centres of theftanks The
‘DOSltlon ogeeach nymph was recorded flve times a day for,
7 days at approximately 2 h 1ntervals, startlng at 0830

hrs; four observatlons were made on 31“May startlng at

4 -
1100 hrs giving a total “of 34 observatldns ' |

""{ ,"j E N : ) q;”:;
Results s ’ :

A- Mann-wWhitney teet indieated fheréiwes no significanf
difference (P > 0. 1) between the 51ng1e nymph/ho food ’
groyp and the. s1ng1e nymph/fgodf 'broup é}fhh respect to -
the nhmber of observations on the fp%ﬁ?sthk (Table 1).
‘Thus, the hypothe51s that solléhry nymphs remaln near
areas of food concentratxon is not suppor%ed I also_“?"
“used a Mahn-Whitney test. to determlne tyé effects of
,.den81ty af nymphs on the number of obs rvatlons of hymphs

_1f1cqnt _dlfference‘ . ﬁ

on the food stick. Therp was no_sm

e/



four nymphs/food-group Thus theréals no evidence tﬂ&t

" the use of space. Thefﬁfore, I analyse_
b respect to freguency of observations of. :mphs ;hrthe; :a}- :
: corner of the tank xhat coﬁtalned the food dish. Nyﬂph&iV .

" tank bottom.

four nymphs/food group w1th respect to the number of lf. ‘Q : .

F

Sl ,p‘” v 3‘ ) . w, 4 o .y . 5.
; T N
(p > 0. 1) between the 51ng1e nymph/food grqup and the .

ot

presence of . other anlmals affected any nymph's use of

the feeding area. o o .

There is a problem in dbmparlng these resultnbtovi.JTS&
the results from the C. resolutum experlments, becigs% T
L. & i;§lggg§u§ nymphs in tanks with abundant food ’frd

/
were oBserved on the lattlce in onlu§§8 . 5% of the obser-

'vatlons compared to 94. 5% for C. res lutum. If L. d.
,g saunctus nymphs preferred to be on the bottom of the

tank rather then on the lattice (as suggested by the low

A

jfrequency of observatlons on the lattlce) then analy81s

of results based on: frequenoy of obsqrvations of nymphs ’
on the food stlck'may not adequatply test hypotheses cﬁ ‘

.
the results wit

.t
g

could feed‘a food dlsh hw crawling lnto it from the_.{w.

ﬁafaﬁ§hn-whltney test 1ndrcated there was ho- V" R
signlflcant d!?ferencé (B >>0ﬁ1) between the single nymph/~~..‘n
no food,group and the szngle nymp”food group w1th respect I

to the number of observatioas of nymphs in the corner of

_the tank contalnlhg_the food v1al. A Mann-Whltney test

also indlcated there was no s;gnlflcant dlffernge ;

'(P >'0 1) between the single nymph/food group and the ERE
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.observations of@nymphs 1n the-.corner containing the food -~
hvial. " Thus, as ¢1n the original snaiys_is, there is no -

evidence that L. 4. disjunctus riyinphs remain at areas of

food concent@t’ion. or that use of the feeding area is

o

. afi‘ectekby -presence of other nymphs..
. ‘:., ) ~= :\_‘ . . - o >~,

.4 v ¥ . :
- . ' . -
’ Ny 4 . . ' -y
o Discussion N : hh

.« 07y » . ) | ol
| On the basis of this study alonéi" it would be | PR
‘7 v
P ture’ to suggest that some nymphs of L. d dis ]unctus ‘ R

do not remam at. areﬁ of food qoncentxttlon and ex‘tﬂude

other nﬁ}%s from the area. %Q\ylighﬁe ,g&nd te‘?nnerpture ) *

id_g ¥ 1
regnh °Slze of tanks. lattlce sﬁue,turd'wm? presence. TR »
etc.. may all have affecte the " behgmr of the nymphs
Also, all observatlons Wefg made hdu.\r:bag fhe day and 1t 1s _ N 4

possi‘ole that the behaviohr“of nymphs v?aziglfferent ‘at

- vnlght than In the da,y. I dou)éft whether type of i‘ood was

w1th C resolutum ;I often h;d to add worms tg tlge food

via_ls to- malntain an abunda.nce of worms e .
DeSplte dlfflcultles w1th 1nterpretation of

"negatlve" lts. it is clear that under the’ same -

nditlons nymphs of L. d.

| C. resolutum behave dlfferently with respect o use of .

R
:t‘eedmg areas. The results support the hypo
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dﬁ',ppace at areas o:t‘ fobd concentration. In the -laboratory, i '
sdne- nymphs of C. resolutum exc/lu—dbi others from areas of
fqo& conce‘;\tratlo‘h (Baker&1980). and in the field some LTy

LI

St

; Vnympha ?eveloped to matuyity 1n 1 year, others took 3 % "y )
‘years.' Nymphs of L 4. is;]unctus d1d not exclude others‘&' .
from’ treas o'f food concentration, s:nd the field population |
.shczwed rio obvious separatlon 1nto slow-&dfastwdeveloping N
ani;nals. &Detailed con\parisons of the hunt:mg methods of
varipus odor#‘e sp s may bée. us-eful in 1nterpret.1ng a ,

4 dat‘"\ field Life hiytorles a.nd populatlon dynamlcs. L
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‘-’5'»’;"' " ay : e,
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Table 1. Percentage .of observations of L. g‘idisjdl¥tus
ﬁymphs on food sticks and corners with theg food vial.
. U _ . ‘ . |
5’ ~ . . (‘ ) ‘ . M N
v, ) v
: & Q .
L . One nymph- #& Foug nymphs .
food = food
5. ' P - S
'- » . _ - ’ - Y . .
x i N . ‘ - . ’ ) y A ‘ . " "

Stlek . 3.5 3.8 . ko
L ‘ y ; :
Corner = . 34.0 29.1 . 28.0 .

. ﬁ ; ) L o s ) : ‘ v
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C‘pter L, Effects of food abundance on growth, survival,

.

and use of space of nymphs of Coenagrlon resolutum

(Coenagrionidae: Qdonata)' o -

Abstract . B _ e |
In the 1la o,‘ratory, nymphs of Coenagrlon rd*lutum R
that were fed large and frequent meals grew faster,
R A
emerged earller and had higher SU.I‘VlV%pothan nymphs .
) ~P' o
that were fed. smaller, less frequent meals. When glve&'}_ ;

; : &'

a cho:Lce of feedlng areas mnymphs -tended to remain nears »

. areas‘gf food concentrftlon t’ha‘t would .prqmote‘ h@
Qgrowth rates; }bquf r‘, nymphs dld not always remaln at

ol
vy’ . L 4
those areas. of Klgh food concentratlon that promoted
T , RN BRI . :
maxmut_g& gr rates o - PN . <
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Introduction

~

Odonéte nymphs within.a‘single population frequently :'f
show differenL ﬁatferns of development- a population may
be part univoltine and part semivoltine (Corbet 1957,
Maéan 196# Ingram and Jenner 1976). Macan (1964 1977)

:i“ suggested that varlatlon 1n llfe hlstory may arlse through

dlfferent d&egs.anadlkferent mlcrohabltats. Nymphs

" remalnlngiat‘&ood huntfng sf&es grow rapldly, while
P .

nymphs relegated to areas of li%tle food grow more slowly

’ o ‘

A 3
f”“;-’ Baker (1980) showed‘thatssolltary Coenagrion resdlutum_ B

nymphs. under laboratory c:on:d:l.‘l:av.onsl remaln at arcgas of
d-

Q*' ', food concqnﬁrat;on and when segeralhnymphs are present,
o me ‘az?c;‘ ‘efc’pi:uded’ from fefedlng ared‘s/ '
fljhoﬂgh'nymphal odonatez‘are kngwn to w1§ﬂ%tand
%bng periods ef&stsrvation (Pr;tohard 196# Hassan 1976),_
tﬂéfé“a}e few etudmss on how dlet affects nymphal growth
(mscheru 1961.. nxssan 1976 Lawt‘on et al. 1980).- The \,
flrst purpose ef my pape; is- ﬂ%*@eﬁort rdfﬂits from an’

experlment de81gned to test effects of fodd quantlty on v-

.
o)

¢

.\:\‘ '
“a,

e 5mowth and surv1ggl of nymphs of C reso;utum. Lawton
: et al. (1980) suggested fhatq because the 1nc1u81ve |
fﬁﬁness of un;voltlne anlmals is probably higher than
d'f that of semlvoltine anlmals. zygoﬁieran’nymphs w111 select
the best p0831b1e feedlng dreas to reduce development time..d

The second purpose og my paper 1s to reporta;esults from

s

S an experimenx designed to test whether nymphs offered a
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| | . {"
\!‘ange of food co éf‘at ons will spe more tlr’ﬂ‘é at areas
, ”&B“ i

of food concentratlon that result in maximum gﬂrth.

v
N \ ;- 4
‘ -"‘ Engriments

\\\~ .
o

E_»xperimen‘tv 1. Effects of fo%q quantity onigrowth and
survival - " : ' e
Me%hods .

v e .
./. R ".g_ -~ . . ’(\‘}

. N
Coenagrxgg ;;esol}n'atum nymph& were. collected from a a,

o
pond in the bofeal f rest ,gzone of Alberta, near the Blgoray ‘
River;. see Cllfford q1969) for a descrlptlon of the.

general area. Flfty‘small nymphs (metathora01c femur

‘ ‘otal length approxlmatelyﬂ O,Qﬁ) o

lengtht 1.2-38m

A
.

: he pond on 15 August 1978 " Nymphs “v :

\-.

. 16L:8D0 - \%“‘

Aniﬁals were st"rved until 22 August 19?8 when
¥ ‘\

feeding began. Igcmp 8 %‘e fed Da hn"‘ ’ collected from :}.'f -
‘:.Va smal’l pond near ‘ﬂre' Unkaraslty of Al' rta campus, and-
Cr .- u 4 - N

'a dlfferent dlet. DJ.]ts. 1n numbers of Daphnla, were as. '




.

‘diet to medium-s’ﬁ wolms; schedule of feedlng was (4) 4
‘ u/day. (B) 2/day. (c) 1/day. (D) 1/2 days. (E) 1/4 days.

{Flgure 1. Dle to the. nymphs small siz.e, I— mlstook some
‘_mrmphs of Enallgﬂu_ boreale for C. resolutum at the o

75

(E) 1/2 'days. On 22 September 1'9.78,"1 increased the diets -
to (A) 12/day, (B) 6/aay, (C) 3/day, (D) 3/2 days, (E) .

3/4 days. In the D and E dlets, the number of Daphnia

fed was spread over the fsedlng period, i.e. ammals in &.

-

the B group received one. Daphn every day for. three days 2.«

and then none on th fourth. On~23 October. I changed

For groups D and E the worm was removed 1f w’t eaten

in 2¥ hrs. . _' BN

Nymphs Were checked da:.ly to determlne if any mrmph
‘had died or molted. Exuviae were stbred in- 95% ethanol.

I measured yﬁe metathoracic femur length of each exuv1ae

to determlne rate of growth. e [ S . -
S N
P S S T : o -
Res.ults T ‘
Surv1val and metathors.clc femur 1engths are shown :m

beglnning of tme,?i iment». Data_:.ﬁ-from E. boreale nymphs .

N '3‘1..

were not 1ncluded'm the* analys‘isz ;henou the number of L

| - nymphs per’ group were not equal cn day 0.’ ;A e ,
e Eignt orf thsmmmpns 4n gmup E died :mri:ﬂgT the.
.» ;'.f:‘first 30 days of the sxperiment; ‘the. remammg two nymphs_
| | ;;-lived for more than a year but died befcre‘ emerging '




Survival was highest 1n group A and group C, whex‘e
sevem mlne and flve t of eight nymphs emerged

respectlvely. Only two o] ht animals emerged in group

)
-

B. = S
Groumh curves were produced by plotting,the natural
‘logarithim of the metathoracic‘femur 1ength at 15 day
1ntervals, a 30 Hay 1nterva1 was used 1n Flgure 1 to
slmplify the graph. Because the curves were approxlmately
I;near and to allow for statlstlcal analy81s. 1 assumfl
growth was exponential and calculated an tnstantaneous
-1

growth rate (mm mm day ) for each anlmal accordlng

to the exponentlal} equatlon:

‘- ' ' 7. +

. ’ 3 3

where' L‘.-t-i'and— L?
:‘-t and 0 respecti '

ahd b 1s the Lmstantane:tg growth

!
- ... ey

‘\3 N

L.

’rate. A “' - e e

- )
“ ¢

I used Mann~Wh1tney tests to compare each group w1th

each other group with respect to 1nstantaneous growth N

rate. Only results from anlmals that llved at least 605" '

“days were used 1n the analgls."&owth rates (mm mm 1~ »
‘day 1) of groups A (0 00492) an&B (0. 00521) were not

'islgmflca.ntly dlfferent (P > o 05) buf both ° were srgnlf-
*’-can‘bly" &rger than all other groups (P < 0 05) |

76

'«.9.»-«:44.. T e A
o . . S

s Ty
S

PR
it

- K



- 2. 0 cm’ by 2. 5 cm 1n dlamet%f aﬁtached t0v¢he tahk bottom

- hsquare ggttern (;p cm by’xv cm)u A dowel 2 0 mm 1n

Experiment 2. Effects of foq& quantlty onfp081tlon of

,.w1th 3111%5&. Vlals were arranged at the corners of a

koo

. l"l:_ -’ . . . " 'A ' ’ ?7'
. . . . : . C
' v

% signlflcantly largerq(P < 0.05) than the growth rate of -
*
: group E- (0. 00166) Growthhrates of groups D and E were

not sxgnlflcantly dlfferent.(P€> 0.05). . k
Emergence peribds generally reflected growth rates.
'Anlmals of the well -fed groups emerged earl;er than those
of the poorly fed groups. Although there ‘was no signifi-
cant dlfference in growth rates of animals in groups A - Lo

and B, anlmals in grouQ_A emerged earllen than those in _

. .' . N ' . . - Y
group B. Lo e W " o ” ' a
. ‘2«1\_-.;\.3' c \ .3 .

E ' v oeer o T
- ) N M

nymphé :

”
L kR . o
Methqu;fa. - . e
. AN S N |
L each w1th four_.f;f. Qﬁ%

<4 g
feedlng areas qf‘dlfferent ﬁpo- concentratlon, were used

A

to determlne the effects of.feod concentration.on p031tion—

]
"o

. '..»r

,ing of,nymphe., Each feedlng;aregi!'b a. plastlc v l. - ;‘, j_“_;

" dlameter and 10 cm 1on§“‘ Y attached to the centre of -




. d.t

E received 2 worms/day, 1 worm/day, 1 worm/2/days. 1
worm/b days respectlvely. I.did not 1nclude the 4 worms/
day level, because there was no S1gn1f1cant dlfference
between the A and B groups in Experlment 1 with respect
to growth rate. Food levels were checked every day -
between 0830 0900 hrs, at which time worms were removed

4 or added to thehepproprlate V1als Tanks were covered
w1th ‘white paper on three s1des and arranged so nymﬁhs

By

could not see 1nto adaacent tanks, .

oOn 28 May 1980. 10 nymphs OfoC; resolutum‘in'instars |

F=1 and F-2 (flnai 1nstars were de51gnated F. penultlmate
' instars F- 1. ‘etc.) were col%&cted frbm ‘the pond mentloned
in the precedlng sectlon. Nymphs were hoysed 1ndiv1dually
in 40 ml plastlc v1als suppined with a small stfck for "
‘a perch. Anlmals ‘were fed 1 worm/day untll 31 May “when
they wére added to the ‘tanks. Nymphs wer& 11fted from T

‘ Y

thelr v1als in a 1arge bore plpette and plahed on top of .

the cork; thus. eaéﬁ-nymﬁh starteg'the experlment at a

v

,poeltlon eqh1dlstant from the four feedlng areas.9 From

31 Mhy untll 16 Junetﬁ the p081tlon 0f each nymph was

r' :v‘

reéordpd fave times a day at 2 hr 1ntervals. Thet*“*¢ ?'ﬂ

;p081tion'reeorded was 81mply whlch of the four dowels the‘

the analysas., The-l? day duratlonAof the ﬁkperlment
.allawed fbur cycles of the feeding reg;me, e g. the E

‘,« Lo . ' PN o ;,(_:

3nwmph was on. Pos1tlonfor nymphs not.on the dowels (1 e.-[ :
on the cork or tank bottom) was reeerded but not used A

j iﬁl. ) each tank recelved,avworm flve '"f One nymph fjf'
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died during the e.xperiment.‘ and data of this animal were

not used in_theanalysis.

4
Resut¥s’ o . o
| L L | o e W
" I correlated the number of observations af a ny;txph’ o ‘Kﬁ
at each feeding site with.the nun‘xber of ‘w‘erms‘;removed._-. N
frdrn that site i:._o /' de_termine if use of a ‘t;eeding area ¢ | o
'a,ﬁas related to dief. 'I'here was a positive*cvrrelatlon
(p < 0. 01)&tween number. of worms eaten and . numﬁer of .

] h‘ v obéervafloni; and this. supports ‘t;he suggestlon that . L
£ . ~ . B |
nymphs spendf more stime :.rt areas wlfere they receive more

t%od., J-lqaeir. desp:.te the sigﬂiflcant correlatlon, o m ~ -'o

* « Table 1 indicates t,hat 'use of ﬂed:mg areas’ was variable-.

LI

Althquh there whs a trend towa*rds heav\ier. use oj_E‘ the

) ' areas w1th more food, there was no 1ndi§ation that all
nymphs spent most of the:.r' tim at areas Wlth the most ._ .'. Lol

* - féod. Only %ur of the ni:ne r\vmphs remalned at vial B " e

. ‘ more - fhan at other v1als. and ane of the remaining five R S
u,. nymphé stayed at vials fB and c a,n equal amount of time. |
Of the remalmng four nymphs, .threz utlllzed at least two g "

.. othv;' Qials more t'han vial B Indi:fidugl nymphs also

PR

.

spen‘t cons:.derable time away from their areas of max1mum

o

) use«(Table 1) The rmmber of observatlons a‘b «the .“most

T “‘ / o

S feedihgéareae'combmed. I‘anged from 317‘ t° °n1y 55"
. ,Thfs, wlse of.‘s’écondary feedmg gr“eas was: .reflected by the




v

o

there was no significamt difference (P >0.05) amongl
feeding areas vitﬁ nespect to number of worms eaten |
relative to thefgumﬁer'offered (Table 2). Thus, the *
‘probaoility of a worm being eatengwas not dependeﬁt on
which vial the worm was in. o o

»

&1

Discussionv. , ‘

O y

. _ _
Results support the suggestlon that food avallablllty
nay have pronounced effects on 11fe hlstory of. coenagrl n1d
\1;,\
nyﬁphs., Growth of well fed nymphs‘yas faster than grow h

of 2 phs in poorly fed groups. Also, emergence perlod
of 36:1 fed groups were advanced compared to those of
:‘poorly fed groups. Tﬁus, nymphs 1n an area.of a pong o}
lake where they recelve abundant food may develop more
‘@Frapidly and\emerge ear11er°tﬁan nymphs llvlng in areas o§;'/
less food. - In the field populatlon from whic%!the /f";~
'experimental animals were taken, some nymphi completed
i;developMent in zlyears. others completed development 1n |
'fi year If food shortage 1s severe, thé nymphs will |
;simply d1e. Laﬁton et al (1980) suggested’starvatlon B
:;of Ischnuna g;ggggg;nymphs is rare in the field, but
Mthelr Qonelusions wére based on experlmen 1nvolv1ng '
_£On1y the flnal three nymphal 1nstars. . The sharp deoreasef
'wln numbel of nymphs allve near theﬁ_éélnnlng ot my *5}
sexperament suggests poor Hlets may &efmost cr1t10a1 tol

ﬁLéok The total emergfnce?perlod was 1ong, j,‘

sy

. 0
. . IR z‘ ' . I
BN L e . RN A



140 ddys, and thigs supporls Macan's suppection that diot
may :111,;*1‘ Frowth rate to the extent that slow-gFrowlry.
i\ymph:; may be forced to miss an emergence period and
emery e the following yenr.

There are problems, however, in extrapolating theoe
recults to field situations.  Some odonate nympha are
Suspected of underpolng some form of diapause, initint$on
of which is determined by temperature, photoperiod, and
stage of development (Corbet 1962, Tuty 19744, b). Some
odonates are also known to have diftferent thrmni coeffi-
cients for growth in different jnstars, i.e. a low
temperature may allow growth in young instars but inhibit
growth in the older instars (Lutz 1968). Also, odonate
nymphs can use light and temperature as cues for
emergence periods (Corbet 1962). Thus, a better test of
the effects of  diet on odonate life histories would
be to run the experiments at field conditions of photo-
period and temperature.

Results from Experiment 2 suggest there was a
tendency for nymphs to remain at fquing areas ‘that would
promote fairly rapid growth. If a diet of 2 worn ‘day
results in‘a maximum growth rate, as suggested by results
of Experiment 1, and if nymphs "forage optimally" by
selecting the best poscsible "fishing sites" as predicted
by Lawton et al. (1980), then.one would éxpect the nymphs
iﬁlﬁkperime;t 2 to remain primarily at vial B. But nymphs

did not alway: stay primarily at vial B, and this suggests



that ei}her a diet of 2 worms/day does not result in
maximum possible ¢growth rates or nymphs do not forage in
a way that achieves maximum érowth rates.

Possibly the diet of 2 worms/day did not résult in
maximaum growtlh rate.  Although there was no sigmificant
differcnce in prowth rates between aniir21s maintained on

dicts of 4 worms/day and thoge m: ntair- ¢ n 2 worms/day,

animals fed 4 worms/day did emer, e - ari . than those fed
2 worms/day. 1l is also possible it the worms fed in

Experiment 2 were of lesa food value than worms used in
Experiment 1. This scems unlikely, however, because they
were culiured in the same manner. If 2 worms/day in
Experiment 2 were not sufficient for maximum growth rates,
and nymphs do forage in a manner resulting. in maximum
growth, one would expect nymphs to move 1o other areas to
supplement the diet available at vial B. Nymphs would

be expected to forage optimally by selecting the fcwe;t
areas that in combination result in maximum growth. |
Nymphs remained primarily at vials B and C and this gives
some support to the_hypothesis of optimal foraging.
However, according to the model of Charnov (1976), an
optimal forager 1n a "patchy" environment should remain at
a feeding area until the food left in that area drops to
the average food level for all feeding areas. If nymphs
did»forage in this marner, 1t sbould be reflected in the
number of worms removed from the vials; for example, a

grcater proportion of the worms offered should have been
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taken from vials B and ¢ than from vials D and E.
Because there was no sipni ficant diffeence amongs the
feeding areas with recspect to tho'pvrconfnnv of worms eaten
(approximately 507 of the worms offered were eaten from
>ach vial) the sugrpestion is that the nympho dig not forage
iroon ooptimal mannmer. [t ois possible that the lack of
¢ tiead foraging behaviour gy nymphs of C. resolutum wao
duec to the laboratory conditions.,  Factors such as the
light and temperature regime, type of dowels, size of
tanks, cte., may have stressed the nymphs and causcd
them to move more than they would under natural conditions.
¥

Also, the feeding areas were fairly close together, animals
had only to crawl along 20 cm of dowel to get from one
vial to another; it is possible that nymphs cannot
discriminate between patches on such a small scale. 1If
the food vials had been farther apart»nymphs may have
spent more time at the vials with the most _food.

In conclusion, although ‘here is little evidence to
suggest that nymphs forage in an optimal manner, growth
rates are highly dependent on diet and nymphs remain

near areas of food concentration that result in rapid

growth.

® >
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Table 1. Number ,of observations of nymphs at the feeding
4

areas.
Feeding Arca /qdl ”
B C D I
Nymph #
‘ 1 18 10 10 2
2 13 39 14 L
3 18 18 15 7
4 17 23 L 15
5 10 13 26 15
6 31 20 11 10
7 13 27 19 8
8 25 12 13 "5
9 25 10 15 11
X 18.9, 19.1 14.1 8.6



~

Table 2. Percentage of worms eaten relative to the

_ number ‘offered.

Nymph #

\O @ N O\ £ W 1aV]

i

-

/

Feéding Area

B C D . E
b 35 bk 60
21 71 56 20
68 76 78 Lo
35 L7 22 60
56 59 - 67 100
59 35 33 ko
Ll 82 78 60
o b7 56 WO
50 53 33 ko

50.1

56.1 51.9 51.1
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Chapter 5. Behavioyral interactions and use of feeding

areas by nymphs of Co&nagrion resolutum (Coenagrionidac:

Odonata) -t
L 4 \\: ) i
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Behaviour of Cge Qggg &iggg@ tgm nymphg was studied
et \\ \_ -

in the laboratory. Ba§gg on chdﬁgﬁfer1st1c5 of the
behaviour, analysisi of the effects of 1nter nymph distance
on behaviour, and association analysis betwevn behaviours,
some of the observed behaviours were classijifled as
dg‘grooming, feeding/aggression, retreat or defense.

In an experiment on use of space, some nymphs
excluded others from feeding areas through afgressive
interaétions. Frequency of interactions won by those
nymphs seen most often at the feeding site was not
associated with location of interactions. However, use
of the feeding area was positively associated wilth
dominance status. Exclusion of some nymphs is interpreted
as a combination of dominance and limited movement rather

than a territorial system.



91

Introduction

Macan (1973, 1977) suggésted nymphal Zyroptera may
be territorial at areas of food concentration. I have
show that, under laboratory conditions, solitary nymphs

of Coenagrion resolutum remain at areas of food concentra-

tion; and, wﬁen several nymphs’ are present, some are
excluded from areas of food concentration (Baker 1986).
However, because 1 had no information on location and
outcome of behavioural interactions be;ween nymphs, the
experiments did not test hypotheses concerning the nature
of the exclusion. In particular, I did not know whether
use of the feeding areas was maintained by "overt defence
or adveftisemgnt"*(Wilson 1975).

An understanding of the nature of ghe exclusion may
be crucial to understanding the impact of nymphal odonate
predation on prey populations. Several papers, Akre
and Johnson (1979), Benke (1976, 1978), Lawton et al.
(1974), Macan (1977), deal with the impact of nymphal
predation; and some authors, Johnson (1973).‘Johnson et al.
(1975), Thom»sor, (1975, 1978), have designed their studies
as precursor. to models for predicting the effects of
nymphal predation on prey populations. That some nymphs'
are excluded from areas of prey concentration must bé an
important factor in future models, and to accurately
predict the impact of nymphal predatiqn, the nature of the

exclusion must be understood. If nymphs are territorial,

S
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models may include components designed to deal with
compression and expahsion of territ;ry size under vafious
conditions ol prey availability and nymbhal density.
However, 1f nymphs are not territorial, and the use of
feeding areas is dependent on a dominance system, then

the effects of prey availability and nymphal density may

" have a complétely different effect on nymphal spacing than
seen under a territorial syétem. For example, a dominance'

system may be related to individual distance, which may

Tnot be‘affgcted at. all by changes in prey avattabiisty
or nymphal density.

This paper reports results from an experiment
designed to test whether use of feeding areas was
maintained by "over£ defense or advertiéement," %.e.
territoriality; or whe@ther use of feeding areas was
based on a dominance hierarchy.  In particular, I tested
a hypothesis concerning a corollary of Wilson's definition
(suggested by Willis, 196?), namely that dominance is site-
specific. -

Before testing the relationship Between outcome and
location of behavioural interactions, I established
criteria for recognizing an intefaction and for'detpr-

mining the outcome of interactions in terms of win and

lose. To do tﬁis,.I analysed a series of "trials" in

—~
g

which two nymphs were placed together and their behaviour

recorded. Based on characteristics of the behaviours, the

effects of inter-nymph distance on frequency of the

92
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. - . C e . .
behaviours, and on association analysis of the behavseours,
¢ ' .
I could define interaction and outcome of interactions.

PR

Behaviour of nymphs

Methods

’

Nymphs were collected on 26  June 1979 with a'dip‘”
net from a small pond in the boreal forest zone of
Alberta, near the Bigoray River (See: Cllfford 1969. for

——a description of the general area) . Apprpx1mately.150

‘ nymphs ;n instars F-4 to F424(final instars were desig-
nated F, penultimate instéré.F i etc,) Were brought to-
the laborg}ory and housed 1nd1v1dually in hO ml plastlc
v1a1s,equ1pped with a small.sthk for a perch. Nymphs -
were maintained at 20°C and at a photoperiod of 16L:8D.
Nymphs were fed one enchytraeid (Oligocﬁaeta) worm each
day. B ‘ , A p

I-observed tﬂe behaviour of nymphs in a pigstic tank
(29 by 18 by 13 cm) filled with dechlorinated water. A
single dowel (2 mm iﬁ_diameter.,lS ch long)'waSQSupported-
horizontally 5 cm ébove"the.ma@k bgftom on t@gviﬁééét"
pins. The dowel was harked at-1 cm intefvals for use in_

-~

determining inter-nymphal distance.
Each trial consisted of selectlng two nymphs at \

random and p1a01ng one nymph on each s1de of the dowel

midpoint. Nymphs were separated by a thin piédce of opaque

plastic (5 by 5 cm), with a sllt the w1dth of the dowel

8 Lo
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cut into it from one side to the centre. The plastic
rested on the dowel midpoint at the inner end of the slit,
thereby blocking each nymph's view of the other. Nympha
were removed from vials with a large bore pipette and
gently forced out of the pipette onto the dowel. If a
nymph did not cling to the dowel after being released from
the pipette, it was returned to its vial and not used in

a trial until the next day. AAfter two nymphs had been
placed on either side of the plastic, I waited 5 minutes,
then slowly raised the plastic and began recording. All.
recording'was done with a twenty-channel event recorder 5
connected to a panel of switches that controlled the pé;s.
Each recording period lasted 15 miqptes or until one nymph
swam away from the dowel. I recorded the occurrence of
the behaviours described below, the direction nymphs faced,
and distance between nymphs. There were five classes of
distance: greater than 5-:cm apart, 3-5 cm apart, 1-3 cm
apart, less than 1 cm apart, and overlap. Overlap was
recognized when any part of ane nymph was beside the other
nymph. Trialc were run from 5 to 20 days after the nymphs
were col_ected. A total of 65 trials was cbserved; each
nymph was used iﬁ only one trial.

Descriptions of behaviours wegg based on observa-
tions of nyﬁphs'described.abové, observations made during
exberiments on nyﬁphal growth, and observations inctanks
similar to the trial tank that were set up for qualitative

—_—

observation of behaviour.

[N



Description of behaviours

Fourteen behaviours are deseribed below; there is no

inference of tunction (the "empirical®™ meihod of Tehner
1979) .

Crawl Forward. All walking caits where direction of
movement 1o anterior, except for Run Forward. Crawl

Forward was never more than 3-4 mm/s; it often lasted for
a minute or more, but occasionally it occurred as short,
2-3 s bouts. Crawl Forward was recorded as elther To or
Away from the other nymph.

Crawl Sideways. A slow crawl in any direction other
than along the anterior—postorior axls. Crawl Sideways
was only séen when nymphs were on flat surfaces and was
always away from other nymphs.

Run Forward. A rapid movement in the anterior
direction:that lasted less than 1 s. Distance travelled
was usually 0.5-1.0 cm. Movement To or Away from the
other nymph was recorded. i

Run Backward Away. Identical to Run Forward except
in the posterior direction. Run Backward was always
away from the other nymph. 1 never saw a nymph crawl
backward slowly.

Mouthpart Flex. A short, slow extension of the
labium, often repeated several times in succession, or
movement of labial palps without extension of the labium.

Scratch. All movements in which a leg was rubbed

.
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aFainst the head, body, or another leg,

Labinl Strike. A rapid, complete extension of the

lTabium,
Head Movenen A turning or 1ifting of the head.
Slash. A rapid lateral bending of the abdomen,

resulting in the caudal lamellae being displaced 90° or
more.

Rigid Abdomen Wave. A repeated lateral bending. of
the abdomen at segfments 1-3 with the remalning spgmentn
bent only slifghtly and raised élightly above the subsirate,
and with the caudal lamellad having an angle of approxi-
mately 40° between them (Fig. 1). The abdomen is
displaced approximately 30° on each side of the midline
before moving to the alternate side. Each circuit, left
to right to left, takés approximately 1 s to complete.
Rigid Abdomen Wave often lasted for 5 minutes or more.
Occasionally a more rapid mbyement of the abdomen was

R
observed for 1 or 2 s.

Abdomen Bend. The ehtire abdomen bends slowly to
one side until the caudal lamellae approach the head or
thorax (Fig. 2). The abdomen then straightens slowly and
the bending is repeated either to the same side or .

opposite side. Caudal lamellae are held together, and

they usually tremble. The abdomen often remains bent for
a few seconds while the caudal lamellae tremble near the
head. Movement of the abdomen from straight to beside the

head and back to straight often take% up to 10 S, but less
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if the caudal lamellae only reach the thorax.

Rotate. A rapid, lateral movement of the bhody
lasting less than a second. Rotate wns scen only when
nymphs were on the dowel.

Turn. A movement that resulted in the nymph facing
a different direction without displacement. 0On Lhe dowel,
Turn resulted in nymphs facing the opposite dircction.

On flat surfaces, Turn resulted in nymphs facing a variety
of dircctlions. Direction of Turn, To or Away from the
other nymph was recorded.

Swim. The animal swims by means of a repeated,
lateral bending of the abdomcn. Because recording stopped
as soon as either nymph swam, records of Swim indicate

only initiation of Swim.

Effect of inter-nymph distance on behaviour

14

To determine the effects of location on outcome of
ihteractions, I needed criteria for recognizing an inter-
action. Preliminary observations suggested that inter-
nymph distance was clearly important; . nymphs that were
far apart appeared to‘behave as if the other animal was
not present. 1 anaiysed the effects of inter-nymph
disfance on freguency of behaviours to determine at what
inter—nymph‘distance animals were likely to interac%.'

To pr;duce the histograms in Figure 3, I divided

the entire_fecording time (approximately 700 minutes)
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into 5,658 units of 7.43 s, The 7.43 value was the
shortest period discernable between adjacent grid lines

on the chart paper. 1 counted the number of time units

in which each behavieur occurred (one-zero campling;
Lehner 1979) for ecach distance zone, and divided the total
by percent of time nymphslspent in that zone.

Because Turn Away, Crawl Forward To, Crawl Forward
Away, and Run Backward Away could occur only‘if the nympn
was facing in the proper direction, their relative
frequencies were based on time spent in the distance zones
while facing the proper direction. I did not analyse.
Crawl Sideways, Head Movemcnt, Run Forward To or Turn To
because they seldom, if ever, occurred during trials.

Altmann (1974) has criticized the use of one-zero
data because of confusion over interpretation of frequency
of a behaviour and frequency of intervals that include
that behaviour. However, occurrences of Swim, Labial
Strike, Rotate, Slash, Run Backward Away, and Turn Away
were of very short duration and rérely occurred twice in
one unil. Therefore, the one-zero data give an accurate
estimate of the actual frequency. Abdomen Bend, Rigid
Abdomen Wave, Scratch, and Méuthpart Flex normally
occur#ed over several time units and successive occurrences
of each behaviour were usually separated by long time
interyais. Given these conditions, Lehner (1979) suggests
one-zero data can be used as an estipate of duration of

behaviour. Crawl Forward occurred for both long and short

N
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periods; thus, the histogram for this behaviour may not
accurately represent either frequency or dA{nLion.

T used éhi~square goodness-of-fit tests to determine
if inter-nymph distance had any effect on frequency of
behaviours. 1 annlyéed data by counting the number of
time units in each distance zone that a behaviour ;
occurred in, and then comparing it to the expécted rnumber
based on the total time spent in each zone. There is a
problem with this analysis because behaviour of a nymph
in any time unit will almost certainly be dependent on
the behaviour in the preceding time unit; therefore,
each time unit is not an independent obéervation. F

Frequencies of occurrence of behaviours Crawl Forward
Away, Mouthpart Flex and Run Backward Away were not related
to inter-nymph distance (P > 0.1). All other behaviours
showed significant differences (P < 0.05) between the
observed and expected freguencies. j

Rotate, Swim, Slash, Labial Strike and Turn Away
‘were more frequent when nymphs were less than 1 cm apart
than when they were further apart. Abdomen Bend was also
most frequent when nymphs were near each other; althéugh
a peak in frequency occufred when nymphs were more than
5 cm apart.

Scratch and Rigid Abdomen ‘Wave were more frequent
at greater distances between nymphs. ‘Although frequency

of Crawl Forward To was significantly different from the

expected frequency, it showed no pattern with respect to
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inter-nymph distance.

Assoclation analysis

Based on data in the preceding section, 1. planned
to define aﬁ interaction as any nymph moving away from
another when the two animals were less than a set distance
apart. However, movement away did not appear adequate
to define an interaction. This is because one nymph
could pass close to, or even crawl over, another nymph
without any apparent change in the behaviour of either
nymph. Thus, although nymphs were close and oné "moved
away," the nymphs did not appear to interact; there was
no evidence that the crawling nymph was even aware of
the other's presence. I needed some idea of the function
of the various moving behaviours, i.e. was the nymph that
crawled ovef the other nymph and then moved away retreat-
ing,‘or was it simply crawling in the same direction as
it was before réaching,the other nymph? To help interpret I
the function of these behaviours, I used chi-square tests
to test whether they were associated with the behaviour
of other nymphs and whether they were associated with
other behaviours in the same nymph.

Sw.: Crawl Forward Away, and‘Run Backward Away
resultec r» the nymph moving away from another nymph.
Rotate and Turn Away by a nymph facilitated movement of

that nymph gway f.om another; by Crawl Forward after Rotate



or Turn Away, a nymph could move away from the other nymph.

Since Rotate, Turn Away, and Run Backward Away were rare,
I combined these into a new category labelled Shert
Retreat. 1 also consider Crawl Sideways as moving away
from another nymph, but it never occurred during trials
and was not included in the anal sis.»

I also determined associations 5etween the descEibed
behaviours and Abdomen Bend, a behaviour Corbet (1962)
suggested may be a threat display to deter predation,
and one I felt may be used to discourage approach of
another nymph.

The association analysis was based on occurrence of
the behaviours in each "encounter," (one-zero data).
SAwmter (1978) suggests one-zero data are suitable for
correlating behaviours. An encounter began when two
nypphs moved from the 1-3 Q@ zone to the less than 1 cm
apart zone and ended when they were separated by more than
1 cm. Thus, there was no set time period for each
encounter. The encounter distance defined here was based
on most occurrences of the moving away behaviours
occurring when nymphs were less thaﬁ’l cm apart. I
observed a total of 52 encounters.

In interpreting the association analysis, note that
out of the 27 gssociations made, one or .two would‘be
expectéd to be significant at the 0.05 level due to =~
chance alone. Between nymphs, Swim was positively

associated with Labiai Strike and Crawl Forward To, and

101
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négatively associated with the other animal's Short
Retreat and Crawl Forward Away (Table 1). Short Retreat
was also positively associated with the .other animal's
Labial Strfke. Crawl Forward Away was negatively assoc-
iated with the other animal performing Abdomen Bend and
Swim.

Within‘an individual, Swim was negatively associated
with Labial Strike as was Crawl Forward Away. Short
Retréat(ygs positively associated with Abdomen Bend at

]

the 0.05 level.’

All associations with Scratch and Rigid Abdomen Wave
had expected cell frequencies less than five and were not

tested.

Discussion -

Scratch and Mouthpér% Flex appear to be grooming
behaviours.  Scratch was more frequent when other animals
yere far away compared to when other animals were nearby.
Mouthpart Flex, which was particularly common after nymphs
had fed, probably functions in cleaning and ar;ghging the
setae on the labium. Rigid Abdomen Wave also was most
common when nymphs were alone and may be related to okygen
uptake (Corbet 1962). Rowe (1980) suggested Rigid Abdomen
Wave is an "inéraspecific threat display" in nymphs of

. Xanthocnemis zealandica (McLachlan); however I found no

evidence of this in nymphs of C. resolutum.
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Labial Strike was a feeding behaviour or possibly
an aggressive behaviour or both. It occurred most freq-
uvently in the trials when another nymph was near; Labial
Strike directed at another nymph may be an attempt at
predation. Head Movement commonly preceded Labial Strike
in the growth experiment when 1 dropped worms near the
nymphs; Head Movement resulted in the head being directed
towards the worm.

Run Backward Away, Rotate, Run Forward Away, and \
Turn Away by one nymph usually followed Lablal Strike by
the other and resulted in movement away from the striking
nymph; fhis suggests these behaviours are retreat behav-
iéurs. I could induce a nymph to exhibit these behaviours
by closely approaching or touching it with fine #grceps.
I also‘consider Crawl Sideways a retreat, because it only
occurred when another nymph was within 1 or 2 cm and
movement was always away from the other nymph.

Swim, the most'gbvious retreat behaviour, was almos~
élways preceded by Labial Strike by the other nymph.
Swim often lasted for 15-20 s, which, in a field situation,
would take the swimmer a considerable distance from'thé
point of take-off. Swim was also seen when nymphs were
alone; in these cases it could not be interﬁreted as a
retreat. ‘

Slash was apparehtly a defensive behaviour. It
occurred after a nymph Suffered -a Labial Strlke from

another animal or when I plcked up an animal with forceps.
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Nymphs also used Slash if another nymph simply approached
within 1 or 2 cm. Abdomen Bend occurred most often when
nymphs were less than 1 cm apart and was assoclated within
a nymph with the retréat behaviours, suggesting that
Abdomen Bend may be a defensive behaviour. However,
in my study, Abdomen Bend did not appear to dgter approach
of’another nymph; in fact, the rapid quivering of the
cgudal lamellae seemed to attract the othér'nymph.
Abdomen Bend may be a generalized defensive 5ehaviour used
whenever an animal 1s approached by another animal of
similar or larger size. The movement may deter some
predators, or, alternatively, act as a "deflection
behaviour" similar to thét used by some snakes (Wickler
1968). When a nymph struck at a nymph performing
Abdomen Bend, the strike was usually directed towards the
lamellae. On two occasions, the attacking nymph grasped
and'pulled out the lamellae of the nymph exhibiting
Abdomen Bend; immediétely'after, the nymph that was i
struck swam away while the attacker started to eat the
lamellae.l |

Based on these interpretations of the function of
the-behayiours,»I 5peratibnally defined an interéction
as the‘retreat of one animal from another. Any case of
an animal exhibiting‘Swim, Turn Away, Crawl Sideways, Run
Forward Away, or Run Backward Away was considered a
retreat if it occurred when two animals were within 2 cm

of each other. The retreating animal "lost" the inter-

i
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action while the animal that did not move, or moved
towards the other animal, “"won" the interaction. I used
the 2 cm 1imit instead of the 1 em 1imit used in the

‘ .
associntion analysis because Crawl Sideways often occurred

on flat surfaces when nymphs were within 1-2 ¢m of each

other.

Behavioural interactions and use of feeding arcas
/

Methods

I used eight tanks (29 by 18 by 13 cm) cach with a
single feeding area. 1 covered the tank bottoms with
window screening because nymphs moved awkwardly on the
smooth surface of the tank. T did not use the lattice
structuré of previous experiments (Bakerx1980); because
preliminary observations indicated it was difficult to
observe interactions on the lattice without the observer
having to move around to different sides of the tank; 1
was concerned that my movements would disturb.the animals.
The bottom of each tank was marked with a grid pattern of
32 areas (4.0 by 3.25 cm; 4 rows labelled A-D by 8 rows
labelled 1-8). The feeding area was a hole (20 mm diam-
eter) in the tank bottom, which led to a vial (20 mm deep,
25 mm diameter). The hole was centred on the 1iﬁe between
areas C1 and C2. Two dowefs'(Z mm diameter and 4 cm long)

were attached to the centre of the vial bottom with

silicon; one dowel extended out of the vial to C1, the



106

other to C2. The vial was Always supplied with more worms
than the nymphs could eat in one day. Tanks were threc-
quarters filled with dechlorinated water, covered with
white paper on three sides, and arranged so nymphs could
not see into neighbouring tanks.

On 18 May 1980, I collected nymphs of €. resolutum
from the same pond mentioned in the preceding section.
Thirty nymphs - instars F-2 to F (total length 15-22 mm)
were retﬁfned to the laboratory and housed individually in
Lo ml plastic vials. Final instar nymphs were checked to
ensufe emergence was not imminent; swo}len appearatce of
the wing pads indicated impending emergence. Nymphs were
fed ad 1ib from 18 to 21 May. At 0930 hrs, 22 May, I
added four nymphs to each of six tanks and three nymphs
to the remaining two tanks. Nymphs were added by pouring
them out of‘their vials into the centre of the tanks.
Nymphs were individually marked by clipping the tips of
the caudal lamellae the day before the experiment began.

From 22 May qntil 2/ May, I observed the nymphs for
L-5 h/day between 0830 and 1700 hrs. "I normally watched
continuously for 1 h, but occasionally I watched for a,
shorter or longer time. During these periods I recorded
the location of any interaction between nymphs, the
nymphs involved, and the outcome (wiﬁner and loser of the
interaction). I did not include in the analysié the few

interactions when both animals retreated.
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Location of each animal was recorded sevenAﬁimés a

day at intervals of approximately 1 h, givihg a~fot£l of

L2 observations for each.nymph.” At 1700 hrs, 27 May, I :M_i’if'
removed the animals from the tanks and placed them in )
individual vials. All nymphs were fed while in the via_ls.° @
At 0930 hrs, 29 May, I returned the nymphs to theif
original tanks and observed for approximately 3 h/daybfor
2 days. This removal and return of nymphs allowed mé to

record interactions taking place in the tank at places

other than the normal feeding site.

Results
®

The number of times each nymph was observed on . '
the feeding area is shown in Table 2. The feeding area
was defined as the vial, both AOwels, and areas Cl and CZ2.
Tank 5 had three nymphs at the start of the experim;nt but
one nymph died; in tank 7, one of the four nymphs was
killed and eaten by another nymph. Results from these
aniﬁals were not used in the analysis. _Results in Table
-2 indicate there were large differences among the nymphs
with respect to the number of observations of a nymph
at the feeding area.

To determine whether outcome of interactions was
related to location, I tested (Chi-square) for association
between locatibn f interactions and frequency of inter-

actions won and losty I analysed only the results of .

"v



animals seen on the feeding area for at least 500 of the
o
ohservations. T refer to these animals as "residents.”
Thus, for each interaction that involved a resident, I
classified the interaction as "win" or "lose" and "on"
or "off" the feeding area. Murie and Harris (1978)
pointed out there are problems with this analysis because
an interaction between residents would be scored twice,
once for each animal. To.,avoid this problem, 1 f{lipped a
coin to randomly select which animal's results would be
analysed for each interaction involving two residents.
Chi-squére analysis indicated there was no significant
association (P > 0.9, n=79) between location of inter-
actions on and off the feeding areas and frequency of

interactions won and lost. A possible problem with this

analysis 1is that outcome of resident-resident interactions

may not be affected by location but outcome of resident-
nonresident interacfions may depend on location. There-
fore,linclusion of resident-resident interactions in the
analysis may reduce the power of the test to detect the
effects of location on outcome of resident-nonresident
interactions. To avoid this problem, I reanalysed the
data using 6nly resident—non}esident interactions; again,
there was no significant association (P > 0.5, n=41)
between location and outcome of interactions.

To determine Whether dominance status was associated

with the use of the feeding area, I classified animals as

"dominant" or “"subordinate" and compared the number of

108
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observations of each ¢group on the fvodiny area. 1
determined the dominance hierarchy within each tank
according to the method of Brown (1975), i.e. dominance
rank was based on the ratio of interactions won and lost
bg:@ocn nymphs. In tanks with four animals, the two
animals at the top of the hierarchy were classified as
dominant. Subordinate animals were the two at the bottom
of the hierarchy. In tanks with only three nymphs, results
from the "middle" animal were not used. If the hierarchy
was not linear, results from animals involved in ¢
non-linear section of the hierarchy were not used. For
example, if animals A, B, and C were in.a triangle L
hierarchy, but all three were dominant over animal D, then
D‘was classified as subordinate and the results from A, B,
and C were not used. A Mann-Whitney test indicated that
dominant animéls (n=8) spentymore time at the feeding area
than subordinate animals (n=10) (P {I0.0ZS).

I also determined whether sex or relative size was
associated with time spent at the feeding area. 1
classified the tw, largest animals in each tank as Large
(n=12) and the two smallest as Small (n=12) and ‘rmpared
these two groups with respect to the number of observations
on the feeding area. 1In tanks with only three animals,
results of the mid-size animal were not used. In one tank
of four animals, two animals had_equal head widths, which
were 5etween the largest and smallest animals;vresults

from these middle animals were not used. A Mann-Whitney
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test showed no significant difference (P > 0.05) between
the two groups. 1 also compared only the largest (n=8)
and smallest (n=8) animals in each tank with respect to
number of observations on the feeding area, and, again,\
there was no significant difference (P > 0.05). There
was élso no significant difference (P > 0.05) between

male (n=17) and femal® nymphs (n=11) with respect to

number of observations on the feeding area.

Discussion

Wilson (1975) defined territory as an "area occupied
more or less exclusively through overt defense or advér—
tisement." My results (this and previous studies) indi-
cate that some nymphs do ha&e "more or less" exclusive use
of an area. The present study also indicates that nymphs
are aggressive towards each other and the outcome of
aggfessive interactions is usually the retreat of one
nymph. Nymphs rarely seen at the feeding areas did in
fact enter the feeding areas, but they were forced out-by
the resident nymphs, which struck, slashed, or simply
crawled towards the intruder. If "defense" is simply
equated witﬁfgggression, then resident nymphs were
territorialjéécording fo Wilsbn's definition. However,
aggression does not necessarii; imply defense. Wilson

i .
(1975) notes there are several types of aggression,

including territorial aggression, dominance aggression, -

=
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.
antipredator aggression, and others.

Some authors, Willis (1967), Wolf (1970), Afren
(1976), and Murie and Harris (1978), have shown a change
in dominance in relation to an animal's area of most
frequent use. That is, animals werec dominant within
their areas of most frequent use but less so outside
these arecas. 1In such cases, aggression within the areas
of most frequent use can be éonsidered defense and the
animals can be classified as territorial. I found no
evidence of a dominance reversal of residents in areas
away from the feeding‘area. Thus, if site-specific
dominance is used as a criterion of territoriality, the
resident nymphs should not be considered territorial.

Rowe (1980) suggested nymphs of Xanthocnemis zealandica

are territorial, although he does not define the term nor
discuss the criteria used to recognize territoriality.
He has shown that, in contrast to results for C. resolutum
‘F(Baker 1980), "occupant" nymphs were iess likely to be
displaced by "intruder" nymphs;‘but he pro&ides no data
on the effect of location on outcome of interactions.
His "intruder" nymphs may be generally subordinate
animals, which are displaced by more dominant animals no
-matter where they are.

* Rather than explaining exclusive use of feeding
areas in terms éf territoriality, my data can be inter-
ppeted as the result of two separate phenomena. First,

single nymphs tend to stay near areas of food concentra-
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tion, and secondly, subordinatg nymphs move away from
dominant nymphs. When several nymphs are in a tank, all .
will attempt to étay at the feeding site, but the animal
ultimately controlling the site will be the most dominant.
These phenomené-will result in a "more or less" exclusive
use of an area, which is maintained by aggressive inter-
actions. This hypothesis of dominance and limited
movement is supported by the significant association of
dominance status with time ‘spent at the feeding area.
This hypothesis is also supportedlby the results. of an
"intruder" experiment (Bakér 1980). 1In that experiment,
animals with prevjous experience»in the tank had no
advantage over naive intruder nymphs in maintaining
the feeding area. This is in contrast to typical
territorial systems where familiarity with the area

‘ uéually increases an animal's chances of defending the
area agaiﬁst intruders. However, this result does support.

. the hypothesis of dominance and limited movement. By .
chance alone, the intruder nymph should have been dominant .

| over the original nymph in 50% of the tanks; thus, summed
over all tanks, fhere should be no aiffenence between
original and intruder nymphs with respect fo time spent
at the feeding area. A Mann-Whitney test showed no
significant difference (P > 0.05) in time spent at the

N

feeding area between original (n=23) and intruder nymphs

(n=23).
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Nymphal size was not associated with use of the -

feeding areas, and this is in contrast to a previous
| experiment (Baker 1980) in Which large nymphél(totall
1eﬁgth 19 - 20 mm) excluded smaller nymphs (total
length 10 - 13 mm) from’areas of food concentration.
Size may be important in determining which nymphs will
be excluded from a feeding area.only when the size
difference is large. 1In the present'study, the ratio of
total length of the‘largest nymph o&er total length of the
smallest nymph in each tank ranged from 1.03 to 1.46,
while in the previous study the ratio ranged from 1.45 -
to 2.00.

. %n conclusion, my results ihdicate that use of space
by nymphs.can beét be explained in terms of a general
dominance systeﬁ‘and a tendency fqr nymphs to remain near

areas of food concentration.
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Table 1. Significance levels of the Chi-square values for
the association analysis of behaviours. ns = not signifi-

cant (P > 0.05), X = expected frequency < 5, + = positive

association, - = negative association.
P e o o
~ o S T o
o + o — © ~ E
e - (O z E =z E:h o g =]
fem® o+ o © b d LS o
o L0 4 00 HN o= O 0 3
Hw® 0 OB O < m 2
Between Animals
Swim . 0.01 0.01 0.01 0.01 ns X
+ - + -
Short Retreat . 0.01 X' ns ns ns 0.01
+ . -
Crawl Forward ns ns X X 0.05 0.01
Away - ' - -
Abdomen Bend - ns ns ns 0.05 X - ns
Within Animals
Swim _ 0.Q1- ns ns ns ns
Short Retreat ns - ns ns '0.05 = ns
) C ' +
Crawi Forward 0.01 ns X ns - ns
- Away - .
Abdomen Bend - ns 0.01 ns ns .ns



Table 2.

on feeding areas out of the total number (4.!) of observa-

tions.

Frequency of observations of individual nymphs

Nymphs are ranked according to frequency.

Tank #

® N o EwoN

Rank
1 2 3
20 16 13

31 29 8
31 29 . 23
33, 17 15
35 3 --
36 13 9
35 9 b
33 23

¥
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t

. Figure 1. Rigid Abdomen Wave, showing maximum displace-
+ ment of the avbdomen. :
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Figure 2. Abdomen Bénd, showing maximum displacement of
the abdomen. / e
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Rotate Swim Rigid Abdomen Wave
- 13 28 868
9 H]:I:D [ﬂ:m
(8]
C
G ,
o Labial Strike Abdomen Bend Craw! Forward Away
pe 73 349 497
v
2
X
]
Siash Mouthpart Flex Run Bockward Away
5 267 16
12345 12345 12 3 45
Turn Away Scratch Crow! Forward To

10 255 1386

Distance Between Nymphs '

Figure 3. Relative frequencies (number of time units in
which the behaviour occurred in each distance zone divided
by percent of time spent in that zone) at the inter- -nymph
distances indicated. 1, overlap, 2.5% of total time; 2,
overlap-1cm, 29.8%; 3, 1-3 cm, 21.4%; 4, 3-5 cm, 13.5%;

5, greater than 5 cm, 32 '8%. Number below behaviour label
indicates total number of time units in which the
behaviour occurred.



119

Literature Cited

Agren, G. 1976. Social and territorial behaviour in the

mongolian gerbil (Meriones unguiculatus) under

seminatural conditions. Biol. Behav. 1: 267-285,

Akre,  B. G. and D. M. Johnson. 1979. Switching and
sigmoid functional response curves by damselfly
naiads with alternative prey available. J. Anim.
Ecol. 48: 703-720.

Baker, R. L. 1980. Use of space in relation to feeding
areas by zygopteran nymphs in captivity. Can; 5.
Zool. 58: 1060-1065. '

Benke, A. C. 1976. Dragonfly production and prey turnover.
Ecology, 57: 915-927. "

Benke, A. C. 1978. Interactions among coexisting
predators - a field experiment with dragonfly
larvae. J. Anim. Ecol. 47: 335-350.

Brown, J. L. 1975. The evolution of behaviour. W. W.
Norton, New Yofk.\ ’
gClifford, H. F. 1969. Limnological features of a northern
brown-water stream, with special reference to the
life histories of the aquatic insects. Am. Midl.

Nat. 82: 578-597.
Corbet, P. S. 1962. A biology of dragonflies. 'Witherby,

London.

43



L)

120

Johnson, D. M. 1973. . Predation by damselfly naiads on
cladoceran populations: fluctuatiﬁg intensity.
Ecology, 54: 251-268. '

Johnson. D. M., B. G. Akre, and P. H. Crowley. 1975.
Modelling arthropod predation: wasteful killiqg byh
damselfly naiads. Ecology, 56: 1081-1093.

Lawton, J. H., J. R. Beddington, and R. Bonser. 1974.
Switching in invertebrate predators. In Ecological
stability. Edited by by M. B. Usher and M. H.
Williamson. Chapman and Hall, London. bpp. 141-158,

Lehner, P. N. 1979. Handtook of ethological methods.
Garland STPM Press, New York.

Macan, T. T. 1973, Ponds and lakes. George Allen and
Unwin Ltd., [London.

Macan, T. T. 1977. The influence of predation on the
composition of freshwater animal communities. 'Biol.

.+ Rev. Cambridge Philos. Soc. 52: 45-70.

Murie, J. 0. and M. A. Harris. 1978. Territoriality and
dominance in male Columbian ground squirrels
(Spermophilus coiumbianus); Can. J. Zéol.. 56
2402-2412. . .

Rowe, R. J. 1980. Territorial behaviour of a larval
dragonfly Xanthocnemis zealandica (McLachlanf
(Zygoptera: Coenagfionidae). Odonatologica, 9:
285-292. '

Slater, P. J. B. 1978. Data collection., In Quantitative

v

ethology. Edited by P. W. Colgan. John Wiley and

A
3

/ ' : ~
-4



121

Sons, Inc., New York. S
- ?
Thompson, D. J. 1975. Towards a predator-prey model
incorporating‘age structure: the effects of predator

arftl prey size on the predation of Daphnia magna
5

by Ischnura‘elegans. J. Anim. Ecol. L4: 907-916,

Thompson, D. J. 1978.* Towards a realistic predator-prey

model: the effect of tempgyature on the functional
~—"_ UTesponse and life history of the damselfly, Ischnura

eleéans. J. Anim. Ecol. A47: 757-767.

Wickler,W. 1968. Mimicry in plants and animals. McGraw-

| Hill, Toronto. ,

Willis, E. D. 1967. The behaviour of bicolored antbirds.
Univ. Calif. Berkeley Publ. Zool. 79: 1-132,

Wilson, E. 0. 1975. Sociobidlogy, the new synthesis.
Harvard University Press, Cambridge. D

Wolf, L. L. 1970. The impact of seasonal fléwering on

~the biology of some .tropical hummingbirds. - Condor,

72: 1;14.



.

¢ Thesis Discussion
Spacing behaviour and l1life histories of odonate nymphs

Results of my study support Maéan's (1964, 1977)
suggestion that nyﬁphal spacing behaviour affects life
histories'of some odonate species. This conclusion is

. based on the following argument. First, diet of nymphal
odonates has a profound effect on rate of development.

My work on development rate of C. resolutum (Chapter 4)
and E. boreale (Appendix 3) suggests diet can alter
growth rates to the extent that'poor}y fed animals miss
an emergence period. Other authors (Fischer\1961, Hassén
1976, Lawton et al. 1980) have also shown t! .t nymphs on.
better diets, in terms of both quantity and quality of
food, grow faster than nymphs on poorer diets.

Secondly, solitary nymphs of C. {gsolutum find and
remain at areas of food concentfation,(Chapter 2).‘ Not
only do nymphs remain at an aref of food concentratlon :
when only one. area is available, but they tend to remaln
at only one area when several areas of equal food value
are offered. When a series of feeding areas are offered

v
W o

“that represent a range in food value, nymphs also remain

=3

’f&f those areas of food concentration that result in higher
| ‘grow¢h rates. \
 Finally, when several C. resolutum nymphs are
presented with a limited nﬁmber of feeding areas, use of

the feeding area is not equally divided among the nymphs;
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some individuals were rarely, if ever, observed at the
feeding areas (Chapter 2). From these points I conclude
that some nyr~hs will remain in areas of food concentra-
tion when food is patchily distributed. These nymphs will -
grow faster and emerge earlier than nymphs excluded from
areas of food concentration. I have no evidsnco to
support thé assumption that food in the field is patchily
distributed; however .several authors (Smyly 1957, Quade
1969, Boerger 1978) have indicated that odonate prey are
often clumped. )

Although my data support Macan's idea that spacing
behaviour of nymphal odonates can affect 1life histories,
| they do not'sgpport his suggestion that the behaviour is
terfitorial. I have rejected Mécan's suggestion of
territoriality for nymphs’of C. resolutum because the
outcome Qf behavioural interactions was not site
dependent. This suggests there is no defense af the
feeding area. Also, solitary nymphs at feedipg éreas had .
" no advantage in remaining there when naive aniﬁals were
added. Results are bést explained in terms of é(
dominance system; dominant ahimals spend ﬁore4fﬁme at
feeding4areasAthan subdrdinaté animals. .Lafée animals
| éxclude smaller animals from feeding aféaS‘and'this
‘supports hypotheses concerﬁing both territoriality and
dominance. | | |

A major purpoée of 'my study was to detérmine if

odonate nymphs exhibited the kind of spacing behaviour 3
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that could affect life histories. Although I have shown
that such a behaviour does exist fo; C. resolutum, there

is no evidence that variation in life histofies is a

result of spacing behaviour. There are two basic’
approaches available to test the effects of spacin%,'

~ behaviour on the‘life histories of animals in the field.
The moé% direct, but probably the most difficult method,

is a detailed study of growth and behaviour of individually
marked nymphs. in the field. One would have to show that
growth rates of individual nymphs depend on what micro-
habitat they are in;_for example, one may be able to show
that nymphs grow faster on horizontal plant stems than on
' vertical stems. It would alsq be necesséry to show that
nymphs in‘these areas of rapid growth exclude intruding
.animais through some'form of aggression or advertisement.

' Finaliy, and ﬁqst importantly, one would héve to remove
animals from areas where nymphs grow rapidly and then test
whether nymphs from areas of little food move into the
more productive‘aréas and grow faster than nymphs left

in the areas of little food.. Difficulties with this
research lie in marking aﬁd observing individuals.
External markings, such as paént, will be lost when the
animal molts, and tags will interfere with the molting
process. Also, mostfodonéte nymphs live in dense
Vegetation, making the nymphs difficult’to observé,for
extended perioés. Such a study could be done, however,

if nymphs of the species in question were large, markable,
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and lived in vepetation which had a simple growth form.

Another, less direct, but possibly more, feasible
line of research is a comparative study. If spacing
behaviour of nymphs is important in affecting variation
of 1ife histories, those species showing strong spacing
behaviour should have more varied life histories than
'species exhibiting weak or no spacing behaviour. This
hypothesis could be tested by studying the spacing
behaviouf of a variety of odonate species and comparing
the results with published 1ife history data. I have
done this, on a small scale, by comparing the life
history and spacing behaviour of C. resolutum and L. d.
disjunctus (Chapters 1, 2, 3). The most serious difficulty
with this method lies in deriving a method of comparing

life histories.

Invertebrate spacing behafiour

Spacing behaviour is a commonly reported phenomenon.
Wilson (1975) notes that."nearly all vertebrates and a
large numbér of the behaviourally most advanced
invertebrétes conduct their lives according to pfecise
rﬁles of land tenure, spacing, and dominance." Amoﬁg\\
| invertebrates, spacing behaviour has’ been reported in
several faxa;‘eQamples come from molluscs, insects, .

annelids, crustaceans, phoronids, and spiders (Brownh and

Qrians‘197o, Wilson 1975).
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Price (1975) lists numefous‘exahples of tef:itoriality
or proWable territoriality in insects. Of his 35
examples, he suggests that the main function of the
territory is related to reproduction in 20 of these.
Examples are mating areas of field crickets (Alexander
1§61), protection of females by male odonates (Moore
1964), leks of fruitflies (Spieth“1968); and protection
of nests by termites, eusocial ants, wasps, and bees |
(Wilson 1971). Of the thirteen exemples iﬁvolVing food,
eight were cases of an adult defending larval feeding
sites. Most of the examples pertained to dipte?ans and
hymenopterans, in which the adult defended the,feeding
site by marking it with some chemical to prevent other
females from evipositing’in the same area. The remeining
five exampies involved the protection of nests and food
“sources, e.g. eusocial ants, wasps and bees (Wilson 1971)
and burying beetles (Pukowskl 1933, in Wilson 1975).

Dominance hierarchies are also knewn to occur in
insects. Gauthreaux (1978) lists studies on insects that
‘indicated some form of dominance. Most cases involve the
edeocial insecfs, particularly waSps and bees, where
domlnance is related to the queen protectlng her eggs
agalnst workers that would eat them (Huber 1802, Hoffer
1882, both in Wilson 1971); or it is related to dominance
status emohg females. Female wasps dominate others aﬁd
- the dominant animals receive mgre,foodﬂand lay more eggs.

However, the higher reproductive rate of these dominant



animals is not simply a function of more food. Dominance
rank affécts ovarian development even in the absence of
food}differences (Wilson 1975). | |

A few workers have.reported examples of dominance in
solitary insects. Beebe (1947) describes the aggressive
‘interactiohs between male hercules beetles (thastes
hercules), where the dominance ~vpears directly related
to mating because females d, notl fight. Ewing (1972) .
described how the social system of t.e cockroach

(Nauphoeta cinerea) changes from a territorial system to

a dominance system with increas;ng population density,
but the function of spacing is unclear. Ewing suggests
dominant animals may mate unmolested by other animals,
‘but protection of feeding areas may also be involved.
Crahe (1957) described how male heliconiid butterflies_
chase each other, but concluded the chase is simply part

of the courfShip pattern, If males are attempting to

dominate each othef, the purpose of the aggression appears

related to‘mating rather than use of a feeding area.

The apparent function of C. resolutum's spacing
behaviour is in contrast to the funqtions reported in the
" studies described above. Because the nymphs are sexualiy
immature, spacihg'behaviour'is not directly related. to
reproduction; aléo, nymphs control food resources for
themselves rather than for their offspring. Recently,

Hildrew and Townsend (1980) reported similar results

for the larﬁae of the caddisfly Plectrocnemia conspersa.
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They found individual larvae remaining in areas of food
concentration, but some individuals were excluded from
these areas. Their results differ from mine in that the
first individual to arrive at a feeding site of their
study had an advantage in remaining there over intruding
larvae; this suggests the behaviour may be territorial.

As was found for C. resolutum, spacing between larvae of
-P. conspersa appears related to food rather than to

reproductive purposes’. -

‘The function of spacing behaviour of C. regolutum
nymphs and P. conspersa larvae is similar to th t shown
by some non-insect inve: -hrates. Stimson (1970) has

shown that owl limpets (Lottia gigantea) remain in well-

defined areas on rock faces and actively\defend these
areas against conspecifics and other grazing g} settling
animals. The function of fhe spacing behaviour appears
diréctly related to food. A thick algal maf, on which
the énimals feed, gfowsiih the limpets area but not in
areas outside; the algae die if the limpet is removed.
This spacing behaviour is territoriél because the areas
are exclusive and the defense by the océupant,is‘site -
specific. Individuals were more aggressive when on theif!
areas than~when‘away from. their areas. Branch (1975) | \*\\
'has shown Similar results fof the_limpet‘Patella

“longicosta, and Connell (1963) indicates that the

amphipod Erichthonius brazilishsis grazes the plant

material afound its tube and defends this area against



129

intruding conspecifics. Rollo and Wellingfon (1979)
foundﬂlarge individuals of some terrestrial slug species
stay élose to shelters located‘near areas of food concen-
tration, and these slugs exclude conspecifics and indiv-
iduals of less agg}essive species from these shelters.
Some comparisons can be made between results of

’

the studies discussed above. For example, in those
studies in which protection of a. food sou;ce appeared

to be the major function of the spacing behaviour, the
animals were either slow moving,‘e.g. limpets and nymphal
odonates, or they were sedentary or semi-sedentary, e.g.
the tube-dwelling amphipod and the larval caddisfly;
However, such comparisons are of doubtful value, because
spacing behaviour has not been studied in enough inverte-
brate species from different habitats to draw valid
conclusions. In the next sect¥n, I discuss the
implications of this paucity of information to future

— e e S

research.

. .
Use of invertebrates in studies of spacing behaviour

Brown' and Orians (1970) condlﬁded their review .
paper oh spacing behaviour of mobile animals by suggesting _ _ i) 
Onough data eiisted oﬁ spacing patterns to‘formulate’ . l_,
theoretical predictions that could be rigorously tested. ) quf |

They foresaw studies designed to .measure differences in'(_‘

fitness of.individuals in populations with spéced ' .



distributions and studies designed to analyse spacing
beﬁaviour of species occupying various habitats. Research
in the past 10 years has, in part, substantiated Brown
and Orian's predictions. For example, Davies (1978)
devotes most of hié.chapter on territorial behaviour to
the question: "how does spacing out influence fitness?".
vWilson (1975) also discusses the importance of spacing
behaviour to fitness. s

| Iﬁvertebrates may prove to be good subjects for
studies suggested by Brown and Orians, because similar
studies with vertebrates often suffer from small sample

sizes. Invertebrates may be more suitable for experimental
‘testing of hypotheses simply because of the abundance of )
invertebratgs. In field'situations, large numbers of
individuals of some species can be marked a i - served
in a smali area. For example,ISeveral resear: hers have
marked members of adult'odonate populations for studies
on territoriality’ (Moore 1964,'Campaneila and Woif 1974,
Parr 1980)& The abundance and small size of invertebrates
also facilitate laboratory experiments. More treatments
' and more replicates of treatments can be tested w1th
1nvertebrates in restricted laboratory space than can be
done with most:vertebratea. | |

I agree with Brown and Orians that there is a need
for more experimental testing of hypotheses on spacing
behaviour} “But even though many invertebrate species

appear tO'be‘good experihenta1 éubjects, I believe it

130



131

would be premature to concentrate on testing theoreticél
Jprédictions about spacing behaviour of invertebrates.
This apparent contradiction results from most of the
theoretical and practical work, to date, being done on
vertebrates. Brown and Orians (1970) point out that,

due to the array of spacing behaviours among animals, it
has taken a long time to assemble "a general picture of
the variety of patterﬁs which must be explaihed by any

. theory." There is no'"general picfure" of spacing>
behaviour for invertebrates, and any current predictions
on invertebrate spacing will necessarily be based on
experience with vertebrates. For example, Wilson (1975)
presents a figure (13-5, p. 296) of the "general pattern
of scaling in aggressive behaviour among animals", in
which he shows how the form of aggressive behaviour
‘(territoriality- dculnance, despotism, etc.) depends on
the sociality.of *he species and on population deﬁsity.
He concedes that most vertebrates studied fit the pattern; .
but "InQertebrates, including insects, héve nof been
systematically studied with respect to plastiéity of
aggressive behaviour and possible existeﬁce of behavioural
scaling. When they are, a good chance exiéts that new
kinds of transitions will be found that deviate far from .
the standard vértebrate pattern." This lack df a general
view of spacing and aggressive'behaviour in invertebrates
stems partiy from thére'being few.studies on invertebrate

behaviour. Despite the greater diversity of invertebrates,
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the number of studies on spacing behaviour of vertebrates
vastly outnumber the number of studies on invertebrates.
Another problem pertaining to the fdrmation of &
geﬁeral theory of invertebrate spacing is in the use of
terms. Some authors appear to haGe little familiarity
with behavioural jerms and use words such as tefritory

without adequate definitions. For example, Rowe (1980)

describes nymphs of Xanthocnemis zealandica as territorial;
but does not refer to a definition of territoriality, nor
does‘he describe the criteria used to recognize it. Other
researchers, even if aware of the diversity of spacing
behaviours, lump all forms of aggressive behaviours, no
matter what fhe context, into such broad definitional
categoriesAthat terms become meaninglesg. For,exampie,
Davies k1978) recognizes a territory "whenever individual
animals or gtoups are spaced out more than would be
expected from a:randoﬁ occupation of suitable habitats."
Price (1975).lists female insects marking 6viposition
sites’along wifh male butterflieS'proteéting mating areas .
as examples of territoriality. Although some similaritiés
exist between‘such behaviours, there are obvious |
‘differences, and I feel such differences should be recog—
pized through the use of more precise‘terminology. - .
In conclusion, the study of ihvertebraée spacing
behaviour ;s still in a formative state compared to the
study of'vertebrate spacing behaviour. Invértébrates -

admittedly can be used as Subjects for studies designed to
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ask such questions as: what is the difference in fitness
between dominant and subordinate iﬁdividuals? However,
there is at present a need for more studies that ask:
does this species show spacing behaviour? what form does

the behaviour take? and, in what context does it occur?
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Appendix 1. Voltinism of odonates

Table 1‘indicates the%;oltinism of 37 odonate species
or sub—spenies determined in a tofal f 52 life history
studies. The list i& not meant to be exhaustive but it
does represent the vast majority of published life
history studies. A question mark in the voltinism column
indicates the author of the study was not sure of: the
voltinism; for example, 1?-2 indicates some individuals.
were definitly semivdltine_but others’ma& have been
univoltine. - -

The voltinism of nine species was determined in

more than one study; six of these spe01es, Coenagrion

resolutum, Enallagma cyathlperum. Ischnura elegans,

Pyrrhosoma nymphula, Argia vivida, and Epitheca’ cynosura
showed. differénces in voltinism in the different areas.

Lestes'disiunetus disjunctus and'Lestes<sponsa were

univoltine in all areas studied. Both studies of

Coenagr1on puella 1nd10ated the populations spllt 1nto

¢

’
-

-unlvoltlne and semlvoltlne factlons. _ R
In seventeen of the fifty-two studles there was at
least some ev1dence that a coHort of nymphs had spllt
:1nto two factions. Most'of'the examples are from the
Coenagrlonldae in wh1ch 14 of ‘the 27 studles provlde&~ ~~fﬁ;3é;v
| ev1dence of cohort spllttlng. examples came from all but a

. one, Pseudagrlon, of the seven genera studled Aeshnlds

and cordulids showed examples of cohort spllttlng in two
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out of three and one out of four studies respectively.
None of the eleven studies on lestids and none of the six
studies on libellulids provided evidenée of tohort

splitting.
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Table 1.~ Voltinism of odonate species. See text for

details.

épecies

Zygoptera -

Calopterygidae

Calopteryx

virgo

Lestidae

Lestes congener

Lestes unguiculatus

Lestes gl

dis.junctus

disjunctus

Lestes d.

‘Lestes d. australis

~Lestes dryas

Lestes vigilax

- T,estes eurinus

Lestes sponsa

Lestes sponsa-

'Archilestesvgrandis

Coenagrionidae

.Coenagrion

resolutum

Coenagrion

Coenagrion

resolutum

angulatum

Coenagrion

“pulchellum-

pgella

Coenagrion

Coenagrion

puella

)

Voltinism (y) | Authority
2 © Corbet 1957a
v
1 Sawchyn & Gillot 1974a
1. SawChyh & Gillot 1974b
1 Sawchyn & Gillot 1974b ..
1 " Baker & Clifford 1981
1 Ingram 1976 -
1 Sawchyn & Eillét,1974b.
1 ﬁ Ingram 1976 "
1 -~ Lutz 1968
' 1 Corbet 1956 h
1 ° Macan 1964 )
4 Ingram i9?6
1 Sawchyn & Gillot 1975
1-2 ° Baker & Clifford 1981
1 ' Sawéhyn & Gillot 1975
1-2? * Johannson 1978
1-2  Parr 1970
1-2

Lawton 1972 .



Table i. contihued

Coenagrion mercufiale 17-2
Ceriagrion teneldum 17-2
Enallagma najas 12
FEnallagma cyathigerum 1
Enallagma hageni ~1
Enallggmé aspersum ‘ 3-1
Enallagma ebrium . 1
Ischnura elegans 1
Ischnura elegans 1-2
Ischnura elegans 1-2
Ischnura vertiCélis 1
Pyrrhosoma nymphula : 2
Pyrrhosoma nymphula -3
Pyrrhosoma nymphula ‘ 2

. Pyrrhosoma nymphula .2
Eyrrhosomé nymphula 1?-2
Argia vivida 1-22

| Arg;é vivida S |
Argia vivida 2

Pseudagrion*salisburyense 1

Anisoptefa

-~ Aeshnidae

AAe%hna Jjuncea -’ 2-3
Anax imperator 1-2

- .Oplonaeschng armata 3
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Corbet 1957D

Corbet 1957b

Johannson 19?8'

Johannson 1978 N
Ingram & Jenner 1976 o

Ingram & Jenner 1976

Kormondy & Gower 1965

Johannson 1978 ' -
Thompson 1978
Parr 1970

Kormondy & Gower 1965v’

Léwton‘1971
Macan 1964
Corbet 1957a
Corbet 1957a

Corbet 1957a .
Pritchard & Pelchat 1977

Ppitchard 1980 ~

Pritchard 1980
" Chutter 1961

Macan 1964
Corbet 1957c
Johnson 1978
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Table 1. continued

|

Corduliidae
Epitheca cynosura - 1-2 Lutz & Jenner 1964
Epithéca cyriosura 2 Kormondy & Gerr,1965
Epitheca cynosura i Benke & Benke 1975
Epitheca.semiaquéa 1 Benke & Benke 1975 N
Libellulidae . |
Libellula incesta | 1 Benké & Benke 1975
Celithemis fasciata 1 Bénke & Benké 1975_
Celithemis ornata 1 . Benke & Benke 1975 - .
Ladona deéplanata I | ' Benke & Benke 1975
'.7SVmpetrum35triolatum o 1 - Corbet 1956

Leucorrhinia dubia 3 Norling 1976
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Appendix 2. ~The nymphs of Coenagrion interrogatuh and

C. resolutum (Coenagrionidae: Odonata) from the boreal

forest of Alberta, Canada 1

Abstract

‘ ~

In this paper, we point out differences between

published descriptions of Coenagrion-resolutum nymphs

and our reared specimens, and we describe for the first

time the nymph of Coenagrion interrogatum. “A species key

to the nymphs of Coenagrion in Alberta is presented along

with characters to separate Coenagrion nymphs from

Enallagma nymphs.

! co-authored by Hugh F. Clifford.
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- nymphs were fed enchytraeld worms from a laboratory /

Intreduction

The three North American species of Ceenagrion are

found in Alberta, Canada. Coenagrion angulatum Walker and

C. resolutum (Hagen) are widespread in the province;

C. interrogatum is not as commoﬁ,‘Walker (1953) records it

from Nordegg and we have collected sﬁeeimens near
Cynthia, Alberta. .
Duriﬁg preliminary studies of zygopteran life
histories from ponds in the boreal forest of central
Alberta, we found that, deepite collecting large numbers:

of adult C. resolutum, 1t was.difficult to identify any

X

‘nymphs as Coenagrion using keys of Walker (1953), Gloyd

and Wright (1959) Cannings and Stuart (1977), and
~Pennak (1978). To be certain of the identity of C.#

reselutum nymphs and lnoan attempt to discover the

undescribed nymph c. 1nterrogatum (a few adults had
been eollected af/jie study ponds), we collected nymphs
from ponds 14 km N of Cynthia, Alberta on-8 May and 25 May
1979 and reared them in the laboratory for p081t1ve

1dent1f1catlon Nymphs were reatred 1nd1v1dually in 40 m1

AN

‘plastic v1als fllled with dechlorlnated water held at a
temperature of 20 c and a photoperlod of 16L §D ‘Small f
sticks were placed in the V1a1s for nymphs to emerge on,}

14

_cuiture.

£
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The purposes of this paper aﬁk to (1) point out

differences between published descriptions of C. resolutum

nymphs and our reared nymphs and (2) describe fbrfthe first

time the nymph of C. igtérrogatum

Taxonomic features of Coenagrion resolutum

Forty-seven C. resolutum nymphs were reared to adults,
24 females and 23 males. Forty-five of the final instar
nymphs had six antenﬁal segments, dne nymph had seven
'segments, and one nymph was badly damaged making it
impossible to determine the number of antennal segments.
Our sinéle specimen with seven-segmented antenhae had
lengths of .22, 0.47, 0.46, 0.21, 0,30, 0.19, 0.21 mm.
O0f the 45 nymphs with, six antenﬁal segments, the average
lengths were 0:22, 0.46, 0.56, 0.34, 0.26, OJ}? m%.

© Thirty-four of our k5 nymphs had segment Z_moré than twice

as long as_segmeﬁt 1. The‘average'ratio-of segmenfﬁz to

'59 was 0.83;‘ranging from 0165 to 1.00."

Of the 47 sRe¢imens,'1h nymphs ha#l four setae and

23 had five setae on each side of the prementum. One

' nymph had three setae on one side of the prementum and

four on the othet, seven nymphs had both four and five

setae and two nymphs had both five anAk51x. Some

. _specimens had one or two se%ae reduoed in size. Twenty

of our spec1mens had 31§‘a}%ae on ch palp, 19 had seven

setae on each palp, and one h d elghx setae on each palp:
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Two nymphs had five setae on one palp and six on the other,

three nymphs had both six and éeven palpal setae, and two

nymphs had both geven and eight palpal setae.
Twelve of odr 24 female nymphs possessed ovipositors

that did not reach to the distal end of the 10%h abdominal

; : . . )
segment. . "

-

- ' -
. .. {.

-

Description of Coenagrion interrogatum, final instar nymph | \

o] h .
Described from six reared exuviae, five males and
one fema®. Total length, 18.7-20.7 mm; hind wing,‘
3 ST " .
L11-47 mm; metafemur, 2.6-2.8 mm; caudal lamellae,

5.4-6.4 mm. The specimens are deposited in the Canadian

»

- - : ' c . P
National Collection, Ottawa, Ontario.. " T

General colouratlon pale brown w1t§.$ma11 dark .
brown ddts marklng the p031tlon of setae on the head .
thorax, and abdomen (Flg. 1). Dots 1less consplggqgs on 9
darker agggimehs. Black spots at coxopleurai!ar%idula— |
tions and%ét the mesothoracic addfmetathordgic spiracles.
ﬁlabk'spots at the lafefai tergal articulation of the ‘
abdominal ségménts Legs pale with SIightly darker, -

41ndast1nct annulations. near the dls;ai end of femur and

9’
néar the*proxlmal end of the tibi&. Body without dlstlnct

"’;plgment pattern B '~¢g$"

Antenna with six segmegﬁs:"average 1ength of

_ segments: 0.23, 0 42, 0. 48. 0. 30 0. 2#' 0.34 mm. “Average
ratio of‘antennal sggments 1:2° is 0.55, ragge 0.5340.57{ )

-

i
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Average ratio of antennal segments 2:3 is 0.87, range

0.79-0.91.

Labium extending to anterior edge of mesosternum.

C

Greatest width of prementum approximately 4/5 its length.
Three- marginal setae on distal third of mentum; single

seta at articulation of labial palp. Three or four

mental SQtae, one" often very small; number of sétae not
') >"~~

"y
alya?ﬂ equ lvon eaclr side. Fivlp or six palpal setae,

Jﬁhumﬁi& not alwqys equal on each side. Labial palps with

fib& or sig denticles-on distal margin, the smallest near

thq movable hook tend to fuse together.

f”@; Width of 1aferal_paudal lamella equal to or less
?thah 1/5 its length.. Width of médian Tamella equal to

~or slightly more than 1/5 its length (Fig. 2B). Greatest

width slightly before the nodus, which is' beyond Whe

middie_of the lamella. 'Nodal line transverse. 19-33

X . ;
dorsal and 12-25 ventral antenodal setae on median
lamella. Lamellar tracheae very llghtly plgmented main

branches leave trunk at acute angles and tend to run’

Jlongltudlnally. No dlstlnct markings on lamellae.

t

Cerci of male with ﬁ‘i}arso—mesa‘i"eoncavity (Fig 2D).

’
0v1p081£br of. female not projecting beyond sternum of

abdomlnal &egment 10.

'

<
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Discussion

The number and relative length of antennal segments
‘ ,

and the number of premental setae described for C.

‘resolutum ana C. interrogatum by us indicate ;ﬂ%y these

two specie~ canrot be distinguished from Ewn ma using
existing keys. Also, we suspect that nyﬁjﬁ!ﬂ&r

angglatum‘(the only other North American Coenagrion

C.

spec1es) in Alberta have six antennal segments and cannot\’
~be keyed. We conclude this because C. angulatum adult \*gﬂEQ
‘are w1dely distributed and common 1n Alberta, yet nymphs j:
with seven antennal segmehts are found only rarely.
Five spe01es of Enallagma (E. boreale §elys,‘E. - _ |;
higerum (Charpentler), E. hagenl (WalshJTQ_. ebrigm ‘
(Hagen), and_g. anna Williamson) are kfown tq*oc@hrvp

in Alberta. Also, Enallagma civile (Hagen) andi@.

carunculatum Morse occur'in Saskatchewan and British

Columbla (Walker 1953, Cairlngs and Stuart 1977), and
these spec1es also w1ll probably be fegnd in Alberta ' ®

-

ACCOrdlng to our descrlptlons*df C 1nterrogatum and C.

B, - _
resalutum and Walker s*® descrlptlon of C. angulatum,

Coenagrlon can be readily separated from the Enallagm 7

spe01es of Alberta. Coénagrion nymphs have*numerous

;small dark dots on the head, thorax,fand\abdomen; and

~ . - : . .

" the caudal lamellae are.without patches of profusely
‘branched and deeply plgmehted tracheae Accordlng to

Walker s descrlptlon of the Enallagma specles ‘and our



observations of reared specimens of E. boreale, E.

cyathigerum, E. ebrium, and E. anna from central and

southern Alberta, Enallagma nymphs either lack the dots
on the head and body or, if the dots are present, the
caudal lamellae have patches of profusely branched and

deeply pigmented tracheae.

Within the genus Coenagrion, nymphs can be separated

using the following key. e

»Key to the- nymphs of Coenagrion in Alberta

1. Tracheae of caudal lamellae leaving trunk at
~ ,.3",

-

approx1mately 45 y distal branches not Q!n@lng to

run 1ong1tud1na11y ..... et K ggguigtum

.' i eg‘n.
Tracheae of caudal lamella leaving trunk at 1emug4"

than 45 , dlstal branches tending to run longitud—

'inally‘ ......... ;.‘:'.{.“.;...!kf.j';..‘ ......... 2
2., Cerc1 of male nymph broadly rounqiﬂ»(ln dorsal

v1ew) (Flg 2C). W1dth/length of lateral caudal

lamella greater than 1/5 (Fig. 2A) .. C. resolutum .

-'Cer01 of male nymph w;th a dorsomedlal concav1ty
(Flg. 2D); width/length of lateral caudal lamella
" less than\or equal to 1/5 LFig} 2B) i

O b e eeeeaes e vevsvs. C. interrogatum

_ . - The structure of the cerci of mature male nymphs is
’\../ : —
the best character for septratmﬁg C. resolutum and C

“interrogatum. leferences in the ratlo—of w1dth to
N

1ength of the lateral caudal lamellae can also be used

4
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to separate the reared nymphs of C. resolutum and‘g.'

interrogatum and may be useful for female nymphs; however,

the differences may.not hold when the range of measure-
S :

ments of C. interroggtum is better known.

.~ |

§

¢
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Flgure 1 Cbenagrlo_n in berrogatum, dorsal view. of flnal
1hstar nymph & Drawn from exuv1ae '
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nymphs (B and D). R

.t .
. r

Figure 2% Median caudal lamella and Cérci-(ddréaifvieﬁ):l'

of male Coenagrion resoiutum (A and :C) and C. interrogatum
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- Temur length 1 1-1.8 mm, total length approx1mately

Tq

Appendix 3. Effects of food abundance on growth and
surv1val of Enallagma boreale nymphs (Coenagrionidae:

Odonata)

Introduction

In Chapter 4, I showed that differences in diet

could affect the voltinism of C. resolutum nymphs{ I

controlled diet by feeding the animals different size

‘meals. In this section, I present results from an

experiment'designed to test whether differences in diet,
when malntalned by controlllng the frequency of feedlng,,

can affect voltlnlsm of Enallagma boreale nymphs

Materials and Methods ' °

]
. . S ! C
Enallagma boreale nymphs were collected from a smalll

‘,pond within'the city of'Edmonton. Nymphs were fed

'Daphnia collected from a small‘pOnd rniear the University

of Alberta campus, and enchytraeld (Oligochaeta) worms.

' from a laboratory culture Nymphs were houggd separately

1n 40 ml plastlc v1als supplled .with a small stlck for:

a perch the nymphs were. malntalned at 20 °C and at a

o

'photoperlod of 16L:8D.

One hundred and twenty flve nymphs (metathoracic"

a

5 0 mm) were - collected from the pond on 23 July 1978 and

"placed in the v1als contalnlng dechlorlnated water. .

.
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Each nymph was randomly assigned to ohe of. five groups
(labelled A-E) of 25 animals each.' Animals were starved
until 25 July 1978, when feeding began. Quantity of food
Was oontrolled by "pulsing" the availability of food,
"i.e. the A group received an unlimifed amount of food
(Daphnié) every day, the B group received unlimited food
levery other day (food was removed after the 24 h feeding
perlod). and the C, D, and E groups received unllmlted
food for 24 h every 4, 8, and“16.days respectively. On
23 October 1978, I switched the food from Daphnia to
oworms. ' \ |
Nymphs‘were checked dally to determlne if any had
died or molted exuviae were stored in 95% ethanolm I
measured the metathopacic femur‘length)of each exuviae

-

to determine rate of growth.®

,Resultsland'DiSCussion

Growth and surv1vorsh1p are shown in Figure 1.
xSurv1vorsh1p was poor 1n groups D and E, no- nymphs in
elther group being alive after the 35th day.. Nymphs.ln‘
“the C group lived longer than ‘those in-the'D'and E'groups;
however; thelnuﬁber alipe,declined steadily and only'two‘g
emerged. Nymphs iglthe A and B groups had a'much higher:'
surv1vorsh1p than those in the C group, W1th 18 emerglng

hln each group Most of the nymphs that dled in groups

B d1ed when they were 1n the final 1nstar, death

L

.

meae

D

AR T
Wi e



160

Growth curves in Flgure 1 were produced by plottlng

average femur lengths of each group at 30-day intervals.

Data for groups D and E were not'plotted_or analysed. 4 '

Average - femur lengths of groups A, By and C were not’
significantly different af day O_(analysis of wvariance,
P> 0.5). ’ ﬁowever, analysis of varianoe indicated that
average femur lengths were s1gn1f1cantly different (P'<
0.05) at every 30- day ‘interval ‘after day 0 untll day 180.
\Duncan s multlple range tests 1ndlcated that average
femur 1engths of groups A and B were never s1gn1flcantly
’dlfferent and that avgrage femur length of group C was

31gn1f10antly different (P < 0.05) f.

at every 30-day interval after day O. |
Invaccordance with the,growth of groups A and B,
e"emergence'periods of'the‘two gr%ups were similar. 'Althougnff’
-only two anlmals in. group c’ emerged the, emergence perlod
y ~was\clearly later tnan 1n thg A and B groups  The flrst
an1mal to emerge in group A developed to maturlty in
-approx1mate1y half. the tlme it took the flrst emerglng
| animal of the .C group to develop. Also,-desplte many
‘more anlmals emerglng 1n groups A and B, duratlon of the
emergence perlod was longer in group C.,
The total emergence perlod of thls experlment was‘;'
'~approx1mately 200 days and was much longer than fleld
femergence perlods. For example, Walker (1953) reports

x,the fllght season,ln southern Ontarlo lasts approximately'

12 - v : . - . . . . . .
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six weeks and in south-western British Columbia, where
the,flight season is extremely.loné, the emergence period
is approximétely 90 days (Pearistone 19?1).’ This agrees
with results of the growth experiment reported in CHapter
L4 and supports Macan's idea that diet may alter life =~ )
histories. Nyhphsrliving in an area pf a pond where they
receive small meals (Chapter 4) or infrequent large meals

may miss an emergence period and hence overwinter a

second time.
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Figure 1.
of animals in ‘groups A, open triangles; B, circles; C,

. s0lid triangles; D, solid squa :
Horizontal lines 1n the lower flgure represent emergence
periods. ’

Time (days) . - s

Metathoraclc femur lengths égh numbex alive

s; E, open squares.
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