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Strategies to avoid biting flies by reindeer: field
experiments with silhouette traps
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The effects of differences in grouping patterns (clumping vs. solitary) and habitat (open
vs. forest) of reindeer on attack rates of blood-sucking flies were studied using CO,
baited “reindeer-like” silhouette traps in Finnish Lapland near the Arctic Circle.

Within the grouped traps (24 traps/group) in an open habitat, flies attacked peripheral
traps more frequently than middle and central ones. In an open habitat, black flies,
biting midges and Hybomitra sp. preferred isolated to grouped traps. Isolated traps
placed in the forest were attacked by flies less frequently than grouped ones in an
adjacent open area.

The results suggest that gregarious females and calves of open-country reindeer are
less subject to insect attack than more solitary males. For females and calves, herd
formation may be the best strategy since severe insect harassment weakens the condi-
tion of calves and reduces their moving capacity. Forest reindeer use the forest as a
refuge from insects, and although clumping would be beneficial, especially when
feeding on open bogs, it is avoided because gregariousness may result in increased
predation.

1. Introduction

Reindeer and caribou (Rangifer tarandus Lin-
naeus) commonly respond to various kinds of
disturbances by herd formation (Baskin 1970,
Bergerud 1974a, Skogland 1989). Clumping oc-
curs most strikingly in open-country populations
during the post-calving season. Gregariousness

has been proposed as an adaptation to predation
(Bergerud 1974a) or to insect harassment (Baskin
1970, Roby 1978, Calef & Heard 1980, Downes
et al. 1986). The association between herd for-
mation and insect harassment is known also in
some primates (Freeland 1977) and feral horses
(Duncan & Vigne 1979, Keiper & Berger 1982,
Rutberg 1987).
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A closer examination reveals that social or-
ganization of Rangifer is highly variable in sum-
mer. Females of Scandinavian mountain reindeer
(Rangifer tarandus tarandus Linnaeus) form
herds of some thousands of individuals, but less
than 20% of males join the female herds
(Skogland 1974). The size of the purely male
bands seldom exceeds 30 individuals (Skogland
1989). In forest areas in northern Finland, semi-
domesticated female reindeer (of mountain origin,
see Siivonen 1975) are also gregarious in mid-
summer, whilst males tend to be solitary (Helle
1981). Forest reindeer (Rangifer tarandus fenni-
cus Lonnberg) or woodland caribou (Rangifer
tarandus caribou Gmelin), by contrast, do not
form large herds at all (Banfield 1961), and males,
in particular, are solitary (Helle 1981). Forest
reindeer are known to seek relief from insects
under the trees (Espmark 1967, Bergerud 1974a).

The objective of this study was to examine
with silhouette traps the distribution of biting
flies

1) within a group of traps,
2) between grouped and isolated traps, and
3) between open and forested habitats.

1.1. Study area

The study was carried out at two locations in
northern Finland, close to the Arctic Circle during
1982 and 1984. The study area is a part of the
north boreal section of the boreal coniferous forest
zone (Ahti et al. 1968). Semi-domesticated rein-
deer of mountain origin (see Siivonen 1975) were
introduced into the area about 250 years ago.
The original wild forest reindeer (Rangifer
tarandus fennicus Lonnberg) were exterminated
by the end of the 19th century; the present popu-
lation lives just south of a reindeer management
area in an environment similar to that in Central
Lapland (Helle 1981).

The biting and parasitic insects in the study
area include mosquitoes (Diptera: Culicidae),
black flies (Diptera: Simuliidae), gad flies (Dip-
tera: Tabanidae), and biting midges (Diptera:
Ceratopogonidae). The nose bot Cephenomyia
trompe Modeer (subfamily Oestrinae) and the
warble Hypoderma tarandi Linnaeus (subfamily
Hypodermatinae) are quite rare (Helle 1980).
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Fig. 1. The silhouette trap.

The insect season begins with the mass oc-
currence of mosquitoes around 15 June and lasts
about two weeks. Black flies and gad flies are in
flight from late June to early August, biting
midges in July and August (Helle 1981).

1.2. Methods

We employed “reindeer-like” silhouette traps
baited with CO, (Fig. 1). Silhouette traps have
been used successfully in collecting females of
gad flies, black flies and biting midges (Fredeen
1961, Morris 1963, Muirhead-Thomson 1982).

Trials with isolated and grouped traps in an
open habitat were conducted in a field near
Apukka, Finnish Central Lapland, on 30 July
and 4 August 1982. Seven isolated traps, spaced
40 m apart, and a group of 24 traps were used.
The distance between traps in a group was 0.25
m, simulating a reindeer herd being harassed by
biting flies (Baskin 1970). Dry ice was added
every 3 hours to a perforated container inside the
trap. Average CO, release was calculated to be
0.3 1 per min.

Grouped traps in an open habitat and isolated
traps in a forest were compared in Kuusamo,
northeastern Finland, on 26 June and 10 July
1984. The group of 24 traps was placed in a
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meadow and the five isolated traps in an adjacent
Geranium-Myrtillus type mixed spruce (Picea
abies (Linnaeus)) and birch (Betula pubescens
Ehrhardt) forest 40 m from each other; the height
of the dominant trees was 16 m and the density
about 700 trees per ha. CO, was released from
underneath each trap from a pressure chamber at
arate of 1.0 I per min.

All four trials lasted from 12:00 h to 21:00 h
and included the peak activity of flies involved
in harassment. Collections were made on warm
(temperature range 16-24°C at 3 pm.) and
windless or almost windless days, most suitable
for flying.

As a control, flies were collected around a
domesticated (castrated) male reindeer using
sweep nets. Due to the differences in escape
responses of various insect families, the sweep
net samples were obviously not quantitatively
representative (see Muirhead-Thomson 1982).
Therefore the sweep net samples were used only
to determine if the most numerous flies in the
traps were the same species as the ones fre-
quently attacking the reindeer.

Because we were interested primarily in how
trap density and habitat influence the number of
insects, catches of each trap on the two collection
dates at the same location were pooled for fur-
ther analysis. The Chi-square test was used to
test whether the observed frequencies of each fly
family within grouped traps (peripheral, middle
and central) and between grouped and isolated
traps differed from the expected even distribu-
tion. When only two groups were compared
(grouped vs. isolated) or when the expected fre-
quency was less than 5, Yates correction for
continuity was used (Sokal & Rohlf 1981).

2. Results

A total of 38 600 and 4 500 insects were collected
in the traps at Kuusamo and Apukka, respectively.
At both locations, black flies and biting midges
comprised 99% of the total catch.

The most numerous black flies collected in
the traps at Kuusamo were Simulium (Simulium)
truncatum Lundstrom, S. rostratum Lundstrom
and Eusimulium (Schonbaueria) pusillum Fries
and at Apukka S. rruncatum. These species were

similarly abundant in the sweep net samples. The
most common biting midge species both in the
traps and in sweep samples around the reindeer
was Culicoides pulicaris Linnaeus.

The most common gad fly in the traps at
Kuusamo was Haematopota pluvialis Linnaeus
(48 of 60) and at Apukka Chrysops relictus
Meigen (19 of 42). These two species also oc-
curred most frequently in the samples from the
reindeer. The other species collected in the traps
(Kuusamo: Hybomitra arpadi Szilady, H. lund-
becki Lyneborg, H. lurida Fallen, and H. taran-
dina Linnaeus; Apukka: H. arpadi, H. bimaculata
Macquart) were also found in samples from the
reindeer.

Within grouped traps, all fly families at
Kuusamo and black flies and biting midges at
Apukka attacked the peripheral traps more fre-
quently than the middle and central ones (Fig. 2).
In an open habitat at Apukka, black flies and
biting midges preferred isolated to grouped traps
(Fig. 2). A similar but non-significant trend was
also found in gad flies. For Hybomitra sp. the
difference was significant (the observed fre-
quencies for isolated and grouped traps were 11/
7 and 1/24 respectively) x> =29.1,df =1, P <
0.001). At Kuusamo, all three fly families oc-
curred less frequently in isolated traps in the
forest than in grouped traps on the adjacent open
area; catches in the forest were of the same
magnitude as in the centre of the group (Fig. 2).

3. Discussion
3.1. Benefits of herd formation

The present experiment applied to the season
after the mosquito peak, when reindeer are har-
assed mainly by black flies, gad flies and biting
midges. The large post-calving herds of semi-
domesticated reindeer split up into smaller bands
which comprise some dozens of individuals,
corresponding to the group size used in this study
(Helle 1981). In open-country populations, how-
ever, herd size remains large throughout the whole
insect season (Bergerud 1974a, Downes et al.
1986, Skogland 1989).

The results for black flies, gad flies and bit-
ing midges support the hypotheses that herd for-
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Fig. 2. The deviations from the expected frequences for black flies (S), biting midges (C) and gad flies (T) in a
group of traps in an open habitat (left), and between isolated and grouped traps (right), at Kuusamo and Apukka.
All deviations, except for gad flies in Apukka, are statistically significant (chi-square test).

mation reduces the attack by these flies and that
the benefit of clumping depends on the individu-
al’s place in the herd. An inverse relationship
between the group size and the number of attack-
ing gad flies was also reported in feral horses
(Duncan & Vigne 1979, Rutberg 1987). Baskin
(1970) found that reindeer confining themselves
to the periphery of the herd were also most prone
to mosquitoes. Thus, in the mixed summer herds,
dominant males and females with calves benefit
most because they occupy places in the centre of
the herd during insect attack, whilst low-ranking
animals are commonly on the periphery (Go-
moyunova 1976, White et al. 1981, Skogland
1989).

Two factors may explain why the clumping
of hosts reduces harassment. Hargrove & Vale
(1978) found that for several blood-sucking and
parasitic fly species, catches increased propor-
tionally with the bait mass up to a certain limit
but not beyond. They proposed (Vale & Hargrove
1975) that catches may be limited by the capac-
ity of insects to fly up the long odour trails pro-
duced by large bait masses. For gad flies, the bait
mass limit corresponded to a livestock biomass
with a CO, production rate of 2-5 1 per min. In
our trials the total release of CO, of grouped traps

was 7 1 per min (Apukka) and 12 1 per min
(Kuusamo). This suggests that the bait mass limit
was reached in our study resulting in a dilution
of the number of attacking flies per trap.

Many black fly and gad fly species concentrate
their attacks on the legs and belly of a large-sized
mammalian host (Breev 1950, Skjenneberg 1965,
Hollander & Wright 1980). If these sites are not
available due to clumping, isolated or peripheral
hosts provide the only access to preferential
feeding sites.

3.2. The forest as insect relief

Flies attacked isolated traps in the forest much
less frequently than grouped ones on the adjacent
open area, but despite that semi-domesticated
reindeer in the study area seldom use the forest
as a relief from insects; more preferred are micro-
habitats such as open sands, sandy road-sides,
empty hay sheds, and sheds built as insect shelters
for the reindeer (Helle 1981). Convectional air
currents over hot sand may interfere with the
fly’s ability to detect CO, cues (Helle & Aspi
1984), and most gad fly species tend to avoid
dark places (Chvala et al. 1972). Thus, locations
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in these micro-habitats may result in harassment
levels lower than those found in the forest.

By contrast, forest reindeer habitats either
lack man-made insect refuges, or the animals
avoid them. After the mosquito season, both sexes
have habitual resting places in the forest (Helle
1981). If a resting animal is irritated by biting
flies, it jumps up and runs for a while in the
forest before returning. Similar behavior is de-
scribed in red deer Cervus elaphus Linnaeus
during the fly season (Espmark & Langvatn 1979).

Within their original range in eastern Finland
wild forest reindeer do not clump (Helle 1981,
Heikura et al. 1983), although herd formation
would reduce insect harassment when feeding on
open bogs. Dispersed social organization com-
bined with concealed living habits is thought to
be an adaptation to avoid predation in conditions
with restricted visibility where most predators
use surprise as an attack technique (Eisenberg &
McKay 1974, Hirth 1977, Helle 1981). However,
clumping behavior shows plasticity, because wild
forest reindeer reintroduced in Central Finland
into a predator-free environment have been seen
in bands of up to 30 females and calves during
mass attack by black flies (Ilpo Kojola, pers.
communication with T. Helle).

3.3. Male and female strategies

Gregarious females of open-country populations
may be attacked by insects less than solitary
males or males in small bands. We hypothesize
that these strategies are related to individual fit-
ness, i.e., to autumn body weight in males and
calf survival in females (Bergerud 1974b), since
insect harassment has an adverse effect on weight
gain and survival on reindeer calves (Helle &
Tarvainen 1984).

According to experienced reindeer herders,
males are difficult to keep under close control
during the insect season because of their energetic
escape reactions to insects (Oinonen 1964, Jouni
Labba and Juhani Valkeapdi, pers. communica-
tion with T. Helle). Males can take advantage of
locations which are free of insects at a given
time, and thus effectively exploit separate forag-
ing areas and insect refuges over long distances
(Jouni Labba, pers. communication with T. Helle).

In contrast, movements of females with calves
become slower during the insect season. In semi-
domesticated populations tiring of the calves is
clearly visible. Thus, herd formation is obviously
the best strategy for females and their calves. It
serves primarily to increase calf survival by re-
ducing stress through protection against insects
while ensuring at the same time a close relation-
ship between the female and her calf. In testing
the “calf anchor” hypothesis, females without
calves are of particular interest, since male-like
behavior is expected. In wild forest reindeer,
females without calves escape from insects by
running significantly more than females with
calves (Kojola 1991).
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