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Using field and laboratory (stercoscope) observations, we investigated copulation
and oviposition behaviours of Protopiophila litigata Bonduriansky, which mates
and oviposits exclusively on discarded cervid antlers. Typically, a male leapt onto
a female, bricfly tapped the sides of her abdomen with his legs, then stimulated her
abdominal tip with his tarsi, parameres, and gonopods until she extended her geni-
talia (~4 min), after which the pair established genital lock (~10 min). Meanwhile,
the female emigrated to a part of the antler where density of single males was
lower. Following sperm transfer (~87 min) and genital separation (~5 min), the
female deposited and ingested two droplets containing spermatozoa (~6 min).
Then she oviposited (~29 min) into cracks or pores in the antler’s surface while
the male remained in tandem and pushed away single males with his wings. Males
often wrestled for posscssion of femalces, but take-overs were rare. Whereas most
aspects of the copulation—oviposition cycle of P. [itigata are characteristic of other
necrophagous or scatophagous flies, the manner in which P. litigata females expel
and ingest ejaculate materials after copulation has not been reported in any other
species of Diptera.

Bonduriansky, R., et R.J. Brooks. 1998. Comportements d’accouplement et de ponte chez
Protopiophila litigata (Diptera : Piophilidac). The Canadian Entomologist 130 :
399-405.

Résumé

Des observations sur le terrain et en laboratoire (a la loupe binoculaire) nous ont
permis d"étudier les comportements d’accouplement et de ponte chez Protopiophi-
la litigata Bonduriansky, qui s’accouple ct pond exclusivement sur les bois rejetés
des cervidés. De fagon caractéristique, le méle saute sur la femelle, frappe brieve-
ment les cotés de son abdomen avec ses pattes, stimule ensuite le bout de son
abdomen avec ses tarses, ses parameres et ses gonopodes jusqu’a ce qu’elle déploie
ses genitalia (~4 min), apres quoi leurs genitalia s’unissent (~10 min). Pendant ce
temps la femelle émigre vers la partie des bois ol la densité des males non accou-
plés cst plus faible. Apres transfert du sperme (~87 min) ct séparation des genitalia
(~5 min), la femelle émet et ingere deux gouttelettes contenant des spermatozoides
(~6 min). Ensuite, clle pond ses ocufs (~29 min) dans des crevasses ou des porces
a la surlace des bois, alors que le méle reste sur elle en tandem et repousse les
autres miles avec ses ailes. Les autres males se battent parfois pour prendre pos-
session de la femelle, mais réussissent rarement. Bien que la plupart des aspects du
cycle accouplement-ponte de P. litigata soient caractéristiques des autres dipteres
nécrophages ou scalophages, I'expulsion et I'ingestion, aprés I’accouplement, de
substances éjaculées par le mile n’ont jamais été signalées chez d’autres cspécces
de dipteres.

[Traduit par la Rédaction]

Introduction

Behaviours involved in courtship, copulation, and oviposition are sources of
tremendous interspecific variability and may be important factors in sexual selection.
Although these behaviours have been described in detail for several species of Drosophila
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(e.g., Spieth 1952, 1984; Steele 1986), and a few other taxa (e.g., Otronen 1984), such
knowledge remains sparsely distributed among species of Diptera. Next to nothing has
been published on the copulation behaviour of any species of Piophilidae, except for
the synanthropic Piophila casei Linné (e.g., Jones et al. 1971).

The antler fly Protopiophila litigata Bonduriansky (1995) is a small-bodied
(1.6-3.1 mm body length) necrophagous acalyptrate that mates and oviposits exclu-
sively on discarded cervid antlers. Single males form dense aggregations on flat, cen-
tral parts of the upward-facing surfaces of antlers, where some of them defend
territories, whereas copulating pairs tend to aggregate on the undersides or peripheries
of antlers, wherc single males rarely defend territories (Bonduriansky 1996). If an
antler is flipped over, the flics relocate so as to maintain this pattern. Females visit
antlers to feed and mate and, after each copulation, oviposit into cracks or pores in the
antler. Final-instar larvae leave the porous interior of the antler and pupate in the leaf
litter (Bonduriansky 1995).

Our objective was to describe and time the behaviours involved in the copulation—
oviposition cycle of P. litigata, between initial male—female contact and final separa-
tion. We were particularly interested in behaviours associated with mate choice (e.g.,
Thornhill 1983; Otronen 1984) and male “nonpromiscuous mating effort” (Gwynne
1984), such as mate guarding (e.g., Parker 1970a) or nutritive gift transfer (e.g., Steele
1986). We also wanted to compare the behaviours of P. litigata to those of other
Diptera.

Materials and Methods

We collected six discarded moose antlers near the Wildlife Research Station
(45°30°, 78°40”), Algonquin Park, Ontario, Canada, and set them on 0.8 m high
wooden stands in the forest. Using the unaided eye, a hand-held lens, and a stop-
watch, we observed and timed copulation and oviposition behaviours of P. litigata on
these antlers, from initial male—female encounter to separation (1100-1700 hours,
12—17 June 1995; N = 23 pairs), and observed >300 pairs for part of the copulation—
oviposition cycle (0800-1700 hours, June—August 1994 and 1995). We marked some
flies on the thoracic notum with individual codes using the technique of Bonduriansky
and Brooks (1997), released them at the antlers, and inspected the antlers periodically
to determine whether individual flies mate repeatedly over their lifetimes (see Bon-
duriansky 1996).

We also collected single (i.e., noncoupled) males and females (by covering them
with small jars) from the discarded moose antlers and paired them (N = 15 pairs) in an
observation container consisting of a perforated piston and a cylinder, identical to the
fly measuring—sexing device described in Bonduriansky and Brooks (1997), but with
the closed end of the cylinder (covered with a transparent plastic membrane) raised
~1 cm above the piston. We released one male and one female at a time into the
cylinder, inserted the piston, placed the container under a stereoscope (dissecting mi-
croscope) equipped with a fluorescent light source, observed copulations through the
plastic membrane, and timed the distinctive “phases” (see Results). Descriptions of
behaviours associated with each phase of copulation are based mainly on these stereo-
scope observations (N = 12-15 observations for each phase). Deposition and ingestion
of droplets (see Results) were observed ~30 times in the laboratory and in the field.
Oviposition was observed (in part) ~160 times on antlers. Because phase durations
obtained under the stereoscope did not differ significantly from those obtained in the
field, we pooled these data to calculate mean phase durations (format: mean duration
+ standard deviation, N = number of observations). However, mean phase durations
are based on different sample sizes (see Results) because, for most pairs, we were not
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Fi6. 1. Coupled pair (malc on female) of Protopiophila litigata, shown (¢) in extended position (phase 2;
beginning of phasc 4), where male and female abdomens arc parallel and the female’s abdomen tip is bent
dorsally at a 90° angle; (b) in contracted position (end of phase 2; phase 3), where male and female abdomens
are joined at an obliquc angle; (¢) exhibiting wing-lowering behaviour; and (d) exhibiting mate guarding —
oviposition behaviour (phases 5. 6). Scale 16:1.

able to determine the duration(s) of one or more phases. We calculated the mean total
duration of the copulation—oviposition cycle by pooling complete cycles (see Results)
of known total duration (on antlers N = 13; under the stereoscope N = 9).

To investigate the droplets deposited by females after copulation, we transferred
11 pairs in late stages of copulation into plastic jar lids (depth 4 mm; diameter 16 mm)
covered with glass cover slips, and observed them under a stereoscope. When a droplet
was deposited on the glass, we removed the cover slip before the female could ingest
the droplet, wet-mounted the droplet on a glass slide, and examined it under a com-
pound microscope at 500X magnification (N = 8 droplets, each from a different fe-
male). We then allowed the wet-mounts to desiccate, and examined the residues.

Results

Phases of the Copulation—-Oviposition Cycle. We divided the copulation—oviposition
cycle into six phases (below). The mean total duration of cycles that proceeded to
oviposition with mate guarding (“complete cycles”) was 137 = 52 min (N = 22 pairs).

Phase 1: coupling (3.71 + 1.68 min, N = 12). The male charged and mounted
the female, and tapped her sides with his mid and hind legs. Then he vigorously
massaged the tip of her abdomen with his gonopods, parameres, and mid and hind
tarsae until she extended her abdomen tip, which he grasped with his gonopods and
parameres. He then began to establish genital lock while she walked (carrying him on
her back) to the periphery or underside of the antler, where the pair typically remained
during phases 2-5. Coupled males used their wings to push away single males when-
ever these attacked the pair. Coupled males also occasionally exhibited wing-lowering
behaviour (Fig. Ic), which appeared to stimulate the female to walk or fly to a new
location. Wing-lowering behaviour could be induced by moving a hand near the pair.

Phase 2: locking (10.23 £ 4.06 min, N = 11). In extended position (Fig. 1a), the
male continuously repeated a cycle consisting of pushing against the female’s
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abdomen with his hind legs (~1 s) and resting (~5 s). This action probably drove his
aedeagus into her genital tract. Finally, he vigorously rubbed the tip of her abdomen
with his hind tarsae for several seconds, and shifted to contracted position (Fig. 1b).
The female usually remained still throughout this phase.

Phase 3: pumping (86.8 + 31.21 min, N = 10). In contracted position (Fig. 1b),
the male continuously repcated a cycle consisting of pushing against the female’s
abdomen with his abdomen (~1 s) and resting (~34 s). Sperm transfer probably oc-
curred during this phase. The female occasionally flexed her abdominal tip or wedged
a hind leg against the pair’s genitalia.

Phase 4: unlocking (4.75 + 2.06 min, N = 4). The pair shifted to extended posi-
tion (Fig. la). Then the male performed a vigorous “dance” (2-3 s): he partially
spread and raised his wings, partially straightened his legs, raising his entire body, and
took several small, quick steps back and forth over the female’s dorsum. After this, he
extracted his aedeagus by pushing against her dorsum with his legs. After termination
of genital contact, the male usually remained in tandem, and the female remained still.

Phase 5: preoviposition (5.41 + 1.43 min, N = 3). Several minutes later, the fe-
male extended her ovipositor, deposited a small droplet on the substrate, turned 180°,
and ingested this fluid. Nearly always, several minutes later, she deposited and in-
gested a second droplet. In one case (observed on an antler), the droplet was ingested
by a single male before the female could obtain it. Droplets contained water, motile
spermatozoa, bacteria (rod shaped), and various small protozoa. One droplet also con-
tained nematode larvae. Desiccation of droplets produced residues of different opaci-
ties (degrees of cloudiness), suggesting variation among droplets in concentration of
solids.

Phase 6: oviposition (29.13 + 14.99 min, N = 8). The female returned to the
upward-facing surface of the antler, probed its surface with her ovipositor, and depos-
ited eggs in several cracks or pores. The male remained in tandem until she retracted
her ovipositor. After separation, the female usually (70-80% of observations) flew off
the antler. Some marked females were observed mating more than once, at intervals
of 1 d or more. Of the males, ~50% immediately resumed searching for mates on the
upward-facing surface of the antler. Other males returned to the underside or periph-
eries of the antler and remained relatively still for several minutes (occasionally, for
several hours) or (rarely) flew off the antler.

Wrestling Bouts and Take-overs. Of 23 cycles observed from initial male-female
encounter to separation, 13 (57%) proceeded to oviposition with mate guarding, and 9
(39%) were terminated prematurely by a member of the pair. One additional separa-
tion (4%) resulted from an attack by a single male, but no take-over (replacement of
the coupled male by the other male) occurred because the female flew away. Take-
overs were occasionally observed (1-2% of copulations) during phase 1. Prolonged
wrestling bouts (2-30 min duration) occurred (<10% of copulations) when one or
more single males mounted a coupled pair. These could result in (i) the grappling flies
rolling off the antler (frequently observed); (i) the female struggling free, sometimes
with visible injury to wings or legs, and escaping from the males (less frequently
observed); or (iii) take-over (rarely observed).

Discussion

Copulation Duration. In P. litigata, a complete copulation—oviposition cycle takes
~2.3 h, of which >1.5 h is spent in copula. This may be a midrange copulation dura-
tion in comparison with other Diptera. For example, copulation duration ranges from
<l h in Lordotus pulchrissimus Williston (Toft 1989) and Mydas ventralis Gerst.



Volume 130 THE CANADIAN ENTOMOLOGIST 403

(Alcock 1989) to 56 h in Plecia nearctica Hardy (Hieber and Cohen 1983). These
interspecific differences may result in part from variation in ecological factors, such
as time of day or ambient temperature preferred for copulation. These factors may, in
turn, depend on predation risks (Yuval and Bouskila 1993) or physiology (Heinrich
and Pantle 1975).

Tapping Behaviours Performed by Males. After mounting the female, the male taps
her abdomen with his mid and hind tarsae. Abdominal tapping may enable P. litigata
males to assess female cgg load and reject nongravid females (Bonduriansky 1996).
An apparently similar abdominal “probing” behaviour is involved in male mate choicc
in the necrophagous fly Dryomyza anilis (Fall.) (Otronen 1984).

Emigration Behaviour. At the start of copulation, the female carries the male to the
periphery or underside of the antler, where the pair remains until the oviposition
phase. Emigration benefits both sexes by reducing the frequency of harassment by
single males, which tend to be less densely aggregated on the peripheries and under-
side of the antler than on the upward-facing surface (Bonduriansky 1996). Becausc
take-overs are rare and emigration is accomplished by the female, emigration may
have evolved through selection on females for avoidance of injury. Emigration also
occurs in Sepsis cynipsea Linné, where the female carries the male off the dung pat
before copulation (Parker 1972), and in Scatophaga stercoraria Linné, where the male
flies the female off the dung (Parker 1971).

Mate Guarding. Throughout copulation and oviposition, the malc uses his wings to
push away single males, a behaviour known as “contact mate guarding” (Alcock
1994). This behaviour benefits the male by reducing likelihood of take-over (Parker
1974). It also suggests high Jast-male sperm precedence, because degree of last-male
sperm precedence determines the strength of selective pressure on malcs to guard.
Mate guarding also benefits the female by reducing the likelihood of prolonged wres-
tling bouts where she may be injured, and by facilitating successful oviposition. Simi-
lar forms of mate guarding occur in §. stercoraria (Parker 1970a) and D. anilis
(Otronen 1984),

Ingestion of Ejaculate Materials. Fluid droplets expelled and ingested by females
during phase 5 contain spermatozoa, and may contain additional nutrients, encrgy, and
water that can be used for oogenesis or somatic maintenance. Hence, these droplets
may contain a “nuptial gift,” nutrients transferred from male to female during copula-
tion (Gwynne 1984). Such nuptial gifts are not likely to enhance the viability of zy-
gotes sired by the male because incorporation of male-donated compounds into eggs
generally takes 24-48 h in insccts (Simmons and Parker 1989), whereas P. litigata
females oviposit immediately after copulation. Hence, if droplets contain a nuptial
gift, its most likely function is to make the male more attractive to the female
(Gwyone 1984; Wickler 1986). Nuptial gifts occur in several Drosophila species (e.g.,
Markow and Ankney 1984; Bownes and Partridge 1987; Markow 1988). Alternatively,
the droplets may contain sperm from males “rejected” (i.e., prevented from fertilizing
any eggs) by means of cryptic female mate choice (Thornhill 1983), or displaced
sperm from previous copulations (see Parker 1970bh; Gwynne and Snedden 1995).
Although the quantity seems small, these droplets could constitute an important food
source for P. litigata females. An apparently similar quantity of fluid, donated during
courtship by males of Drosophila subobscura Collin, increases female fecundity
(Steele 1986). Droplets may also contain particular important compounds (Baumann
1974; Bownes and Partridge 1987). Because droplets constitute a direct benefit of
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copulation for P. litigata females, they may play an important role in mate choice
(Bonduriansky 1996).

Oviposition Behaviour. Protopiophila litigata females probe cracks and pores in the
antler surface with the ovipositor tip, and deposit eggs into several locations. Crack
depth, moisture content, or easy access to larval food resources (probably microbes
inside antlers) may be used to locate suitable oviposition sites (i.e., sites where eggs
will be most likely to survive). As in the closely related P. casei (Jones et al. 1971),
oviposition may be induced by contact with the type of microbial culture on which
larvae feed.

Conclusion

Most elements of the copulation—oviposition cycle of P. litigatu resemble behav-
iours of other necrophagous or scatophagous flies, such as S. cynipsea, S. stercoraria,
and D. anilis. In contrast, the manner in which P. litigata females expel and ingest
ejaculate materials after copulation has not, to our knowledge, been reported for any
other species of Diptera.
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