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Summa ry
The seasonal occurrence and the effects of temperature regime s on development. survival and emerg ence arc given for
Psychoda sp. (Psychodidae), Australosepsis niveipennis (Becker) (Sepsidac), Leptocera mirabilis (Collin)
(Sphacroccridac) and Pyrellia tasmanioe Macquart (Mu scidae) breeding in bovine dung in the Hunter Valley, NSW . The
data were the n used to consider the possible interaction between these species and arbovirus vector, Culicoides bre vuarsis.
at the southern limits of its distribution . Like C. b revuarsis, P. tasmaniae was largely absent from dung in winter. The
other spec ies were present continuously . A. ni veipennis and P. tasman iae increased in number from spring to autwnn.
Psychoda sp. and L mirabilis were limited to peak s in spring and autumn . The occurrences ofA. niveipennis , Psycho da
sp. and L mirabilis were each related to average monthly temperature . No occurrence of the four species was related to
rainfall . Eac h species was present whe n C. brevitarsis re-estab lishes in the study area each season. All except Psychada
sp. deve loped in a temperature range (17°C to 36°C) similar to that of C. brevitarsis . Psychoda sp. was active at 15°C but
was inacti ve above 32°C . Develo pment times for eac h specie s decreased as temperatures increased . These were different
between specie s and these differe nces were maintained over the tem perature range tested. Some deve lopmen t of juveniles
occurred below temperatures inhibiting adult emergence which cou ld be induced by raising the temperature abo ve l 7°C.
Despite close similarities in time, space and responses to temperature . the fly fauna endemic in fresh dung was not
considered as important to the re -establis hmen t, grow th and survival of C. brevita rsis.

INTRODUCTION
Severa l species of fly (Diptcra) usc dung at some
stage during their life cycle (Colless and McAlpine
1991). Some arc pests that affect humans and anima ls
(e.g. Hughes et at. 1972). Others appear to simply usc
dung as habitat or food.

Culicoides brevitarsis Kieffer (Diptcra:
Ceratopogonidae) breeds in discrete pats of (bovine)
dung (Canno n and Rcyc 1966) and is a vector of
several viruses affecting livestock in Australia
(Muller el at. 1982). It occurs as far south as the
central coastal region ofNSW (Murray and Nix 1987)
where it commonly fails to survive winter and then re
establishes each season by migrating from endemic
areas further north (Bishop et al. 1996a) . In the
Hunter Valley, there is a fly fauna coincident with
C. brevitarsis in dung soon after it is deposited
(Bishop et at. 1996b). The larvae mix spatially with
C. brevitarsis (Bishop er at. 1996b) but apar t from
their taxonomy, genera l biology and the bio
geography of the Sepsidae (Colless 1980), there is
little information on each species that could be used
to explain and com pare their ecologies. Any spec ies
that compe te with , predate on or alter the envi ronment
of C. brevitarsis could be important, especially at
times when the vector re-establi shes or low
temperatures start limiting the chances of its
surviving at the southern end of its distribution.

Responses to temperature and seaso nal activity by
C. brevitarsis in dung have been studied over severa l
seasons in the central coastal region ofNSW. (Bishop
et al. 1996b; Bishop et al. 1996e) . These studies

enab led the concurrent acquisition of data on other
species of fl y, Information on the seasonal occurrence
and the effect of temperature on the developmen t,
survival and emergence of these flies was collected
and was related to information on C. brevitars is.

MATERIALS AND METHODS
The dung was from beef cattle grazing on native
pasture grasses in the Hunter Valley. Laboratory
rear ing and temperature studies were undertaken in
consta nt temperature (CT) rooms and cabinets at
constant light.

Seasonal occurrence
Dung was sampled each fortnight from June 1992 to
April 1994. Five paddocks (23 ha to 40 hal on one
farm were selected as permanent sampling areas to
ensure that catt le were always prese nt in at least one
paddock. The dung was about three days old and of
uniform size (approximately equal to the boltom of a
10 L opaque plastic bucket) when collected. Five
dung pats were collected with a shovel in each
paddock where dung was present and placed
separa tely in buckets. The buckets were returned to
the laboratory and set up as emergence chambers with
collection' containers (Dyce and Marshall 1988).
Chambers were placed in a room maintained between
20· C and 25· C at cons tant light. Collection
containers were removed for coun ting twice weekly
for six to eight weeks until no nics had emerged for
several days. Flies in containers were imrnobilis cd
with CO2 and transferred [0 plastic petri dishes
containing 70% alcohol for counting.
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Weather data were obtained from Ihe C.B. Alex
ander Agricultu ral College at Toeal (ncar Maitland) .

Analysis of data: Average monthly air
temperature, numbers of flies and total monthly
rainfall were graphed for comparison . The
relationships between the counts, temperature and
rainfall were then examined using generalised
additive modelling (Hastic and Tibshirani 1990)
where spline functions were used initially. Because
the errors were highly overdi spersed, count data were
transformed by logarithm and error s were assumed to
be normally distributed. The final mode l filled was:

log (y) = Polynomial (Temperature) + Spline (Rainfall).

Responses to temperature
Dung pats were marked in the field when fresh and
then sampled two days later to allow time for the flies
to oviposit. Two cores were taken from each marked
pat (Bishop et al. 1996b) with a 15 em long piece of
PVC pipe (internal diameter 10.5 em ; area 86.6 em2) .

Core s from different pats, were paired and placed in
10 L opaque plastic buckets to form composite
samples. Buckets were brought to the laboratory, set
up as emergence chambers withcollection containers
and allocated at random to treatments. A series of
temperature experiments was undertaken as there
were not enough cabinets to hold all the proposed
treatments. Humidity and moisture were assumed
high and constant in the chambers (Bishop et al ,
1996e). Flies cau ght in conta iners were collected
daily, immobilised with CO2 and counted .

Experiment 1. Batches of five emergence
chambers were kept for 28 days at 5°C, 12°C, 17°C,
20°C or25°C. All chambers were placed at 25°C at 28
days where they were held for a furthe r 28 days to
stimulate any inhibited larvae to emerge .

Experiment 2. Batches of five chambers were kept
for 28 days at 15°C, rz-c, 20°C, 25°C or 28°C. All
chambers, except those at 28°C, were then transferred
to 25°C for a further 28 days.

Experiment 3. Batches of five chambers were
monitered for 56 days at 25°C, 28°C, 32°C or 36°C.
Five chambers at 40°C were monitored for 28 days
and then transferred to 25°C for a further 28 days.

Experiment 4. Experiments 1- 3 showed that 17°C
was close to the lower limit for the emergence of all
species of fly and that 28°C was the best temperature
at which inhibited larvae could be stimulated to
emerge. Accordingly, experiment 4 was designed to
consider the effect of exposure time on emergence
and survival at 17°C. Twenty-four chambers were
held at 1T'C for vary ing periods and four chambers
were held at 28°C. At 28 days, four of the 24
chambers at 17°C were transferred to 28°C. This was
repeated at42, 56, 70 and 84 days with four chambers
remaining at 17°C. The experiment ended at
112 days.

Analysis ofdata
Thresholds for emergence: Average times to the first
emergence of C. brevitarsis (Bishop et al . I996e) and
four other species of fly were calcu lated at each
temperature. Data were log, transformed and the
linear effect of temperature on all five species
mode lled at the same time to give one coefficient of
determination. Times to first emergence and the order
of emergence of each species were compared.
Effects of temperature: Each treatment of the four
experiments had cumulative emergence data
mode lled according to the logistic funct ion:

y = C I (I +exp [-8 (x-D])
where C = total emergence, B = rate of emergence,
x = days and D = inflexion point for the explanatory
variable (or time to reach 50% emergence) (Draper
and Smith 1981) . The generalised linear modelling
technique was used to fit the above function to
cumulative data with six or more points using an
assumption that errors followed a Poisson distribution
(McCullagh and NeIder 1989). Treatments were
compared at 28 and 56 days in experiments 1- 3 and
28 days and 42 days in experiment 4 by calculating
confiden ce regions round the total number emerging
and the time to 50% emergence from day 1 for each
species . The time to 50% emergence was used as the
measure of deve lopment time due to temperature
treatment. The standard errors of the parameter
estimates were adjusted for over- or under-dispersion
where necessary.

RESULTS

Seasonal occurrence
Seven species of fly were relatively abundant in
three-day-old bovine dung. Seps is nitens Wiedemann
(Sep sidae) and an unidentified Sphaeroeerid were
only recorded occasionally. Distribution and
temperature data on C. brev itarsis were described
separately (Bishop et al. 1995; Bishop et at. 1996e).
The seasonal occurrence of the four other species is
given on a log lO scale and compared with weather
data from the study area in figure I. Psychoda sp.
(Psychodidae) was present each month and was most
abundant in spring and autumn. Australosepsis
niveipennis (Becker) (Sepsidae) was present each
month and gradually increased in abundance from
spring to autumn. Leptocera mirabilis (Collin)
(Sphaeroeeridae) was present throughout the year
(although it was apparently absent in January 1995)
with peaks in abundance in spring/summer and
autumn. Pyrellia tasmaniae Maequart (Muscidae)
was largely absent from dung in winter. It reappeared
in September and then gradually increased in numb er
to peaks in autumn.
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TEMPERA TURE 1°C)
Figure2. Thelineareffect of temperature on the time to first
emergence of five species of Fly breeding in bovine dung.
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Figure I. Seasonaldistributions of fourspecies of fly breeding in
bovinedung inrelation to average monthly temperature andtotal
monthly rainfall in the Hunter Valley.

Average monthly temperatures at Tocal were
close to the historical means (Dutton et al. (993 ).
They ranged between lOoe and 15°e (winter), 15°e
and 200e (spring and autumn) and 200e to 25°e
(summer). Rainfall was varia ble and no visual
associations with occurrence were obvious. Spring
rainfall was less than average on both occasions but
was above or below average on one or other of the
summer, autumn and winter seaso ns. Counts of
A. niveipennis, L. mirabilis and Psychoda sp. were
positivel y related (P<O.05) to monthly tem perature
(Deviance ratios were 25.84, 4.63 and 3.67
resp ectively, df 2, 15). No relationships were
established with ra infa ll.

Responses to temperature
Thresholds for emergence: The effect of temperature
on the time (loge days ) to the first emergence of five
fly species (ind ucting C. brevitarsis) is shown in
figure 2. Times to emergence were different between
species and the emergence sequence was con sistent
over the temperature range. The model gave an r2 =
0.77. Time to emergence decreased with increasing
temperature until various upper lim its were reached .

Lower temperature limits were reached by about
l7 0e for 'all species except Psychoda sp .
Effects of temperature: Four species are arranged in
the order that they first emerged from the dung and
the results for eaeh given separately.

Highest numhers of Psychoda sp. were recorded
at 25°C with lower and upper limits to emergence at
15°e and 32°e respectively (table I ). Development
times ranged from 5.9 to 11.3 day s between 17°e and
32°e and was two to three times longer at 15°C. Th e
spec ies was abunda nt at 17°e and all adults emerged
within'20 days at the temperatures tested, There were
therefore no effects of time treatments in experiment
4 (tab le 5).

Numbers of A. niveip ennis were uniformly high
between 25°e and 36°e (table 2). Fewer adults
emerged, or emergence was delayed at 17°e, 200e

and 40oe. Some juveniles survived for 28 days at
15°e and emerged as adults nine days after the
temperature was raised to 25°C. Development times
decreased from lowest to highest temperature but
were variable at the same temperature in differe nt
experiments. Adults emerged natu rally at l7 0 e
between 19 and 34 days after dung depo sition (tables
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2 and 5). Numbers at 17'C increased significant ly two
days after the temperature was raised to 28'C at 28
days but most had emerged before the 42-day
treatment. All individuals emerged within 46 days.

I. mirabilis adults mainly emerged between 20'C
and 36'C (table 3). Some juven iles survived at least
28 days at 17'C and 15'C. They emerged four to
twelve days after the respective temperatures were
raised to 25'C. Development times decreased as the

temperature increased in each experiment and were
similar at the same temperature in different
experiments. The data from experiment4 could not be
analysed because of low numbers and zero counts.
However, some L mirabilis started to emerge
naturally at 17'C at 43 days (table 5) and several days
after the chambers were moved to 28'C at 28 and
42 days . All individuals had emerged within 49 days .

Table 1. Total numbers of Psychoda sp, emerging and development times (D =days to 50 % emergence
after the deposition of bovine dung) at different temperature reg imes at 28 days. Means in columns with different
letters have treatment differences determined by 95 % confidence regions.

I I

Experiment Number

21 31

Temperature 28d D 28d D 28d D

5°C"

12' C'

15°C#

17°C"

20°CIt

25'C

28'C

32'C

36'C

40°C"

O'

O'

2323.7.

536.4b

2868.2e

69.1. 2l.3.

6.7. 178.2b ll.3b

6.9. 241.8b 9.4e

6.8. 393.4e 7.5d 398.2. 6.9.

212.9b 5.ge 39.8b 6.9.

14.1' 6.5'

O'
O'

"Treatment moved 10 25°C after28 days
1 No change after 28 days
* Insufficient or no dataforinclusion in the analysis

Table 2. Total numbers of Auslra/osepsis niveipenn is emerging and development times (D =days to 50% emergence
after the deposit ion of bovine dung ) at different temp erature regimes at 28 and 56 days. Means in columns with
different letters have treatment differences determin ed by 95% confidence regions.

Experiment Number

) 1 2 31

Temperature 28d D 28d 56d D 28d D

5°C' O'

12°C' O'

15°C' O' 31.8. 37.1.

17°C# 156.1. 19.0. 40.3. 209.3b 30.7b

20'C' 351.4b 14.0b 644.5b 947.3e 26.0e

25'C 427.7b 9.2e l100.2c 1100.2ed 20.0d 568.4. 12.5.
28'C 1105.8e 1105.8d 17.ge 560.6. 11.0.
32'C 585.2. 8. lb
36'C 528.0. 7.0b

40°C' 43.0' 7 .0*

/I Treatment movedto 25°C after 28 days
l No change after28 days
* Insufficient or no data forinclusionin the analysis
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Table 3. Total numbers of Lep tacera mim bilis emerging and develo pment times (D =days to 50 % emergence afte r
the deposition of bovi ne dun g) at different tem perature regimes at28 and S6 days. Mea ns in colum ns with different
letters have trea tment differences determined by 95 % confidence regions.

Experiment Number

I 2 3'
Temperature 28d 56d D 28d 56d D 28d D

5°C' O' O'

12°C# O' O'

15°C" O' 5.9a 40.8a

17' C' O' 2.6a 32.2a O' 5.6a 35.l b

20'C' 4.7a 4.8b 25.8b 13.9a 15.0b 25.4e

25'C 4.0a 4.0b 15.4e 5.lb 5.la 18.9d 33.9a 16.8a
28'C 8.0b 8.0a 17.3d 49.2b 15.9a
32'C 30.8a II.1b

36' C 15.8e 12.2e

40°C" O'

II Treatment moved to 25°C after 28 days
t No change after 28 days
• No data forinclusion in theanalysis

Table 4. Total numbers ofPyrellia tasmaniae eme rging and development times (D =days to 50% eme rgence after
the dep osition of bo vine dung) at differ ent temp erature regimes at 28 and 56 days. Mea ns in columns with different
letters have trcatm ent differen ces dctermin ed by 95% con fidence regions.

Expcr iment Number

2 3'
Temperature 28d 56d D 28d 56d D 28d D

JOC" O' O'

12°C" O' O'

15°C" O' O'

17°C" O' 8.4a 29.6a O' 30.l a 30.9a

20°C" 19.4a 19.4b 20.7b 109.9a 109.9b 23.9b

25'C 20.4a 20.4b 13.ge 145.9b 145.ge 16.2e 28.2a 13.0a
28'C 63.5e 63.5d 16.0e 36.4b 12.0b
32'C 42.4e 9.ge

36°C 25.8a 9.ge

40°C" O'

, Treatmentmoved to 25°C after 28 days
I No changein number aftcr 28 days
• No dataforinclusion in the analysis

P. tasmal1iae was abundant and active at
temperatures between 20 'C and 36 'C (table 4). Some
juveniles survived at I7' C for 28 days in experiments
I and 2. They emerged 24 to 48 hours after the
temperature was raised to 25°C. Development times
decreased as the temperature increased and were
similar at the same temperature in the different
experiments. Low numbers emerged naturally at

I7'C with a development time of 40.3 days (table 5).
Adults started to emerge in 24 to 48 hours when the
temperature was raised after 28 days at 17'C. A few
individuals also emerged after 42 days although most
had emerged earlier from this treatment as the
deve lopm ent time was 38 .6 days. All individuals
emerg ed within 45 days.



98 GEN. APPL. ENT. VOL. 28,1998

Table S. Total num bers of fou r species of fly emerging and develo pme nt times (D;:: days to 50% emergence after
the depo sition of bovin e dun g) at 28QC, 17°C and after being moved to 28°C after being kept at 17°C for different
times. Mea ns in columns with different letters have treatment differences determ ined by 95 % confidence regions.

Psych oda sp. A. niveipennis L mirabilis* P. tasmaniae

Trea tment Num ber D Number D Number D Num ber D

28°C 115.8a 7.2a 564.la 18.7a 7.9 19 103.2a 17.0a
17°C ~ 28 °C at

28 days 0* 684.3b 30.9b 2.4 36 34.3b 32.2b
42 days 0* 25.3e 36.0e 0.9 44 1.6e 38.6e
56 days 0* 0* 0 0*

17°C 163.0b 11.9b 219. ld 34.3e 1.4 43 6.3e 40.3e

* Insufficient orno dataforinclusion in the analysis

DISCUSSION
Of the nics found in fresh dung, Psychoda sp.,
A. niveipennis and L. mirab ilis were each present
throughout the year. P. tasmaniae was absent from
dung in winter but probably survived nearby as it re 
appeared in September. Overw intering of
P. tasmaniae as pupae was possible as the larvae
leave dung and pupate in the soil. In contrast,
C. brevitarsis commonly fails to survive winter in the
study area which it recolon ises during spring and
summer (Bishop et al. 1995). After it re-establishes,
C. brevitarsis increases progress ive ly in number to
peaks in autumn until slowed or stopped by low
temperatures ncar winter. A. niveipennis and
P. tasmaniae developed in a similar manner but,
while L. mirabilis also appeared capab le of
progressive growth it was not as active in summer as
the temperature data would suggest.

The lower limit to activity for all species except
Psyehoda sp. was about 17°C. This was not a
developmental threshold as some larvae develo ped at
lower temperatures which apparent ly inhibited
emergence . C. brevitarsis has a similar response to
temperature partly because it has differen t
developmental thresholds at different stages of its life
cycle (Allingham 1991). Psycho da sp can be active in
winter (Colless and McAlpine 1991) and was the least
tolerant of high temperatures. This was reflected in
reduced activity in summer and possibly explains
why its females appear to oviposit beneath the dung
pat (Bishop et al. 1996b). Each of the other species
responded to temperatures up to 36°C with
A. niveipenn is the only species to emerge at 40°C.

Psychoda sp. had fully emerged before 28 days at
17°C and was therefore unaffected by changes in
temperature imposed as treatments in experiment 4.
A. nive ipenn is and P. tasm aniae were similar to
C. brevitarsis in that they had apparen tly comp leted
larval deve lopment at 17°C but were inhibited at the
pupal stage (i.e. they emerged 24 to 48 hours after

temperatures were raised after 28 days) . In contrast,
L. mirabilis took several days to emerge after the
temperature was raised. It was therefore either
inhibited in the larval stage or exhibited some form of
diapa use. Development of each species slowed
further below 17°C and none survived at a constant
12°C.

A. niveipennis appeared to develop at different
rates at the same temperature in different
experiments. Dung used in these experiments was
collected over a long period and was progressively
exposed to temperatures declining towards winter.
Field exposu re was necessary to allow time for flies
to oviposit and decli ning temperature during the
oviposition period has been shown to have a
significant effect on the developme nt of
C. brevitarsis (Bishop et al. 1996e). A similar effect
may have been possible with A. nive ipenn is.
Development would therefore have been affected
early in the life cyc le. Conversely, the deve lopment of
P. tasmaniac, Psychoda sp. and L. mirabilis was
consi stent across the experiments.

The fly fauna as given is only part of the total
zoological fauna possibly affec ting the development
of C. brevitarsis. It probably docs not represent fully
the tota l number of fly species capable of breeding in
dung as ovipo sition was limited to two-three days.
However, it was the dominant fly fauna present when
C. brevitarsis is ovipositing and undergoing the
major part of its development. The fauna was
taxonomically diverse and, while species consistently
varied in the time and sequence of emergence as
adults , they mix spatially with C. brevitarsis as
larvae. C. brevitarsis enters the system each season
when the other flies arc already active and deve lops
within a range of temperatures similar to most of the
other species. Desp ite being in a situation where the
other flies could negatively affect C. brevitarsis, it
successfully re-establishes and undergoes active
population growth each season. It is absent in dung
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only when most of the other species have decreased in
number and their activity towards winter.
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