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In forensic entomology, the age of necrophagous blow fly maggots that appear
on corpse are used to estimate the post-mortem interval (PMI). The oviposition
behavior will directly influence competition, predation, growth, etc., which affect PMI
calculation. Insect parasitoids and herbivores need to balance the risk of egg and time
limitation in order to maximize reproductive success. They adjust their oviposition
behavior in response to their limited eggs. High egg load pressure will trigger female
to search more intensively, and therefore make them encounter more hosts or medium;
or accept oviposition hosts of lower preference. In blow flies (Diptera: Calliphoridae),
they need to find specific materials such as corpse to produce offspring, so the egg load
will affect their oviposition behavior. However, another factor must to be taken into
consideration, the gregarious effects. Gregarious effects, which means the blow fly
oviposition can also be triggered by other companion individuals. In this study, we
used Chrysomya megacephala (Fabricius) to measure egg load and gregarious effects.
This study was divided into four stages. The first stage was the dissecting of female
flies to obtain the egg amount, the second stage involved determing if female
population size will affect the average oviposition quantity, then third gave the flies
continuous oviposition stimulus to find the reproductive cycle. On the last stage, after
seaparating females into single units, continunous oviposition stimulus was also
applied to measure the behavior of single females. Fly age and oviposition quantity
were recorded to quantify egg load. Results obtained by dissection indicated the
average egg amount in a single female was 263.4 + 36.4. Results from second stage
revealed that as the amount of female increases, the average numbers of eggs laid also
increased, but there was no significant difference when the female number increases
past five. Continuous oviposition stimulus revealed three individual reproductive
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cycles. The first cycle produced 278.9 + 48.1 eggs, the second cycle produced 258.9 +
36.7 eggs, and the third cycle produced 92.7 + 53.0 eggs, with a gap of 9.82 + 1.03
days in between. In the final stage of the experiment, up to more than half of the
groups would oviposit after 20 days of stimulus. After the experiement was over,
dissection of the flies from this stage revealed that the amount of eggs laid is
significantly lower than the residual eggs in the ovary. The conclusion from these
results indicates number of female in a population affects oviposition behavior, and
single female behavior is more heavily affected by gregarious effect than egg load,

causing lower oviposition.

Key words: Chrysomya megacephala, reproductive cycle, egg load, forensic
entomology, oviposition behavior.
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Bos RGOS bk B S o

Pz FEHF BRI LGS FH B S R e R
PEE A F T2 A PR R ok s (Hall, 1990) 0 tje % A ¢ )
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BT R R B R G S SR o s o EDGESBELIE S €
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(Byrd and Castner, 2001; Campobasso et al., 2001) - & 4 gFiep ¢ F>res & p
(Brachycera) » 7 %3 (Schizophora) - 3 % (Calyptratae) > jr & 3%+ (Oestroidea)
R wsf+ (Calliphoridae) (Kano and Shinonaga, 1968; Marinho et al., 2012) - < % 4
R ELE £ R o BB AT T 0 A SRR IR O R
BB BTG R AL 5 SR SRR RIAREERT 0 S AR o
B A F 59 F R EF I HRPUAREFIREF A BA Y L5 R R
A2 EIRA L 12 F 3¢ (Kano and Shinonaga, 1968) « 3% 7 e i € <X T b 48 ~ 2
%%~£$%?&M%’%WE%%ﬁﬁﬁiiﬁi”’ﬁ{ﬁﬁiﬁﬁﬁﬁj
fespg o BrRpg o Ris2 hRF AU TR AR FLLER P
%41 (Sarcophagidae) ~ 2% 4L (Muscidae) ~ -k é=# (Stratiomyidae) ~ 3 #& FL
(Phoridae) (Byrd and Castner, 2001; Marchenko, 2001) -

d s A f - R R 2 SREOERp »jjf‘ﬂb RIETEF AP

7 % (Bourel et al., 2003) > » FFIE PR ¥ i “ 38 @ p 23 I 50 dp

(Amendt et al., 2004) - @ f—- T FNE R 2 T F AL 5 oscfF R E R (law of
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5 DM-C)=K;C= #vABER ;T-C= #7 TH3»EgR)> A= - fhif
2 B T AR PR B blhe ¥ A A G 260C BEE T G
APl dT~i L AR R YL 12 X (Gabreetal, 2005) e E 2 FTRER
fopum2 m AAFH AT R T o B B HREIDR AP E T UGS
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";#f’ﬁﬂgjﬁ“;,a:; Bis2 27 @ A ‘" (Amendtetal., 2008) > #7110 .~ 4535 PMI
pEiE 0 A R AT 7 R R AEFEREd > FAG 0 PR g
ACHRFE R AP DG RIBEFHAPATH > A HGFSS B FE
PRE G RBARKEEEF A L R R FRT R LF R
(Wooldridge et al., 2007) o @ g 8T 3 Bor > Bl F kiR T > His72 € &
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=
=
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X

R F R 5 Y B ot i £47 PMI #kciE (Anderson, 2000) - Gi
dend Ed kG E 2 s wouglraser kit 5 PMI (Anderson, 2004) - H 3 &t
AR AT I Bk R EREFM T
gL % & & PMI (Zhu et al., 2007) -
O P AL FT Y 2 kB F]F 4 €33 2 PMIagE L (Benecke, 2001) -
Bl4c > Gennard (2007) A7 % $ R B2V Rk g FH > FRTIHE
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~ £f £ (Chrysoma megacephala (Fabricius)) » B>t 2B > JHisfl > 48
L 4L (Chrysomyinae) > £ & (Chrysoma) (Wellsetal., 1999) - = & & 8.0~10.0
mm- LREEEE A E%S EREF O AFRAG EREE  FRGHFR S DS
(Kano and Shinonaga, 1968; Byrd and Castner, 2001) - i A" L X% %2 B % > IR
BRI G ls F a2 E W L SR RPR LT LR FEL PR
(Sukontason etal., 2008) - + g £ AT b e B2 A G- B > R FHR TR
X FAATUFEDS B > HI LA B ¢4 RGE Bdbp2 582
AP AR AYHE > A ERMBRAT DT > PSEFF S 3 1A o F
PAHAETZ2ZH > FRGEN- A F R > SFF G PSR- X
7 gAZE- % o BIR A 27°C ~ HIEA 60~70% ehif T o jE it HAe s %
A B FE 54 X oM PRE B3 X ot BE TR 66 kEDP
RoX Pt 8imacr a A AMIph - 7 u A d 2237 3f¢ (Gabreetal,
2005) -

SEAEWAESHFLBRFIFES A A M ERB DRI T o (A S 5]
oem koo R * el R X B RB T RIERDFS o § D TEER PG
g7 AL RAmin M A Ak & (Gomes et al., 2007) - p 2K @ ¢
er B ARG ramE AL RAOE R PR AR FRRT 0 p AR
U F AR F OGR4 e 0 B IR R e 2 e JUER A F TG
FEORBRC > BPEF G TP A F AT TAT P 2 I E F

o B AR R A R £

A I ¥ Y EU LIk
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FHenF)F WX LM hA LT B G R E FIRE TS ¢ B

¢ RPEAF A P75 (Amendtetal., 2004)0**%7

B FlF 20 > FPAF A ¥ ih§ A+ gwt £ - Yang and Shiao (2012) 41 # #
ik enpiFe TR % > R A AW R R T AP RFEDT R A
FRNGHRPNAETEL §ITNATALhx > U2 RS F AR { G
AR
PEAAF LR ML o

mh

A PenipdF o FRFiE S kS Jfﬂ NARE e FA szﬁ%&m@ﬁ—ﬁg ¢

TR A AT AL AR AT T HBE 2 P oA ¢
FEARY XA DR TS Aok R A B R et MR A ke i 0 B € PRk
<~ Ep £ eng F (7 5 (Erzinglioglu, 1996) « ;&R chif it A ¥ € § - Bipg £
PR G REARWATE - BT o P ERFF - Amok o F
RePendp 3o B gt (Davies, 1950) o FR @ < FRA R s ¥ A S FELA R
LR ARRE KA A FE T o

AT e b ¢ STBE 20 TR TFAE 8 X 10 hg e
Rueirpag P A0 > RSS2 ¢ B/ F IR RE E PR T (George et

., 2012) o & BRI RT 4 % B RTEE DA PN LR SR AT A H 2
B3 BEOL3  VIGRTARRCARAE 2 ARQE 4 X DfnT 0 2 €53 s
im G A F R 8 (Liao, 2016) -

T et imeaEmy g9 o €3 ) ORBACPREI e S Pl bR
LET 6P EFRAEACCAONE-EERG - BF TAEFEF G LFADRE
Foae g B FI NPk REFAT Ra g LFFEP IR G ek 5 (Singh
and Bharti, 2001; Baldridge et al., 2006; Barnes et al., 2015; Williams et al., 2017) > @
EROBEE LT GAPIT R EHRFFRKREFTDT AR TER 2 FITOERRATE
T oMo

A LR NA R 2 WY R 0 SRR - LT AR
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TR EERFRR AT P o N AR B A T Rl R RN RAT R
M2 Rk b (Beaver, 1977) » s & JF & Gy S ik A PN T oo AdKid 2

FenF R ek WA PP AN RBINEF A CPRTLAET O HB
WS §A22B RS LIRS (eggload) e PB4 - i & L b
FHM s feF 2 ot m X feEf > A5 A F T T Flen
B > ek FRE-PAPHFDELY > dok 457 T £ AP eniy

2T SR G RS S PR BB § bR

)

FGFER B e n E AR T 0 6 EREFEE R §RR- L

=

FLl iR ART A LABTE > F-o BLEH A FHF

{

AHAATRAFT R RRAFR NS o fHd ABF RRFEM BT o
oy P gD o 5o FAERIF - RPFILISNATPATI R &
FRMPFLIAAT - SHRAM O BEIARAREIIN PR PP P 52/
Pl am@réegadPATREL2ZE  §RAAFHERNE P
@ ¥ (Minkenberg et al., 1992; Ellers et al., 2000) - B2 X = ¥ _ A48 8 12 F
At gk REARWEZTRFLDECPAT OB EH

dRF O FOURGVRBEF IO AR DI E DA TR D

ppiu)

Frma ™ o RIBT G F AL RS o Vb G e RS e
2’?V&”éﬁﬁdiﬁ%ﬁwwﬁ%ﬁmq\,gzpﬁwgggjzk@ﬁgw
# 32 (Dieckhoff et al., 2014) - F]p* » 4o % & Rl L PR 4 hig LB T
&% it 5 ﬁi’ﬁkdﬁff’%iﬁa'liﬁgf’ﬁiil o WM MEhA P(T L AT P
dOF R A BT 6 AT 2 - X BB 2R T A
(Browne, 1993) » s sF & 0 F %k o W ."z%gd ERIAFE KT
B2 W R &Y FRI 0 RIDA T g PG AT BB A A
e G ROk A P& BB sk (gregarious effect) FopEE L s
Bl EA AT ORI T > TTEAMFDZPATEES €7 A7F G
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HEZESE - FLEELARTGIEI RS 29 HREP 7A@ RF
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Table 1. Normality test results of the reproductive cycle of Chrysomya megacephala.
The following table shows the results of the normal distribution test of the average

fecundity for the three reproductive cycles and total egg production

Total egg number

N" P-value
(Mean = SD)
Total egg number per group 630.9 + 65.0 15 0.2383
First cycle 2789+ 48.1 15 0.009636*
Second cycle 258.9 £ 36.7 15 0.5199
Third cycle 92.7+52.9 15 0.01648*

N” = replication for each experiment, five female flies were used for each experiment.

*:p<0.05.
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Table 2. The statistical analysis results of the differences between the egg numbers laid
per female for different groups with different coexisted female numbers of Chrysomya
megacephala are shown in the table for the statistical p-values between the two groups

No. coexisted | 1 2 3 4 5 6 7 8 9 10
females

1 0.05799 0.05383

2 0.9776 0.5292

3 0.5477

4 0.1043

5 0.06494 0.5042 0.3814 0.3515 0.3663
6 0.2389 0.3319 0.3607 0.3461
7 0.8357 0.792 0.8138
8 0.9551 0.9776
9 0.9776
10

The Dunn's post hoc analysis was used to show whether there was a significant
difference in the average egg production between the two groups. The green block
indicates p < 0.05.
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Table 3. Egg load test results for a single Chrysomya megacephala female. Numbers of
egg deposited and time of oviposition in 20 single female tests. Residual egg numbers
were counted after dissection for the 42-day old female

Total egg number Residual egg number  Oviposition time (days after
Replicate

deposited in ovary emergence) and egg number
1 132 121 24(132)
2 29 175 30(29)
3 120 102 29(22), 33(98)
4 48 167 30(48)
5 52 185 26(52)
6 87 158 22(65), 32(22)
7 105 142 23(105)
8 44 185 28(44)
9 36 125 29(36)
10 32 148 31(32)
11 28 169 30(28)
12 0 224 -
13 0 217 -
14 0 202 -
15 0 218 -
16 0 244 -
17 0 251 -
18 0 213 -
19 0 252 -
20 0 234 -
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Figure 1. Chrysomya megacephala female abdomen and ovary. A, Abdomen, ventral
view; B, Ovaries account for a large part of the abdomen, as shown after the dissection
of gravid female; C, Uncooked ovaries, the space between eggs and eggs could not be
identified clearly; D, Cooked ovaries, each egg can be identified with the naked eye,

easy to separate and not easily broken.
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Figure 2. Average oviposition numbers per female in different groups of diffent
coexisting Chrysomya megacephala female numbers. Female population sizes vary
from one to ten in a group. Each bar graph indicates the average oviposition amount
per femae in each group. When the coexisted female were higher than 5 individuals, no
significant increase was found in oviposition number, whereas all single female group
did not lay eggs. The experiment was replicated a total of 15 times for each tested
group of population sizes 2-10, and 20 times in the single female group. For more

detailed analysis, please refer to Table 2.
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Figure 3. Reproductive cycles and group numbers with oviposition of Chrysomya
megacephala using population size of 5 coexisted feamle individuals. Bar graph
indicates group numbers with ovipositon from age 8-42 days after emergence, a pattern
of reproductive cycles was observed (N = 15). The three reproductive cycles observed

are respectively in 8-14 days, 21-27 days, and 35-41 days.
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Figure 5. Distribution of oviposition amount of Chrysomya megacephala at coexisted
size of 5 individuals. Each point in the scatter plot represents the average number of
eggs laid at this age (N = 15 for a total of 15 trials). The average amount of eggs laid at

each age group is represented by the same color point.
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Figure 7. Comparison of the egg numbers laid per female in three reproductive cycles
with five coexisted female numbers of Chrysomya megacephala. Bar graph indicates
that there are significant differences among the three cycles (n = 15, p < 0.01). The
letters a and b represent significantly different groups. The average fecundity (a) of the

first cycle and the second cycle is significantly different from that of the third cycle

(b).
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Figure 8. Average amount of female survived on each day of Chrysomya megacephala
reproductive cycle test. Survival rate of females in reproductive cycle experiment was
recorded daily. Line represents the survived amount (n = 15), at the 26" day, an
average of four would remain, and the 31% day, three flies and on the 37" day less than

two.
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Figure 4. Group amounts of Chrysoma megacephala with oviposition in single female
egg load test. Bar graph indicates oviposition experiment of single female aged from

age 8-42 days. No obvious pattern was detected (N = 20). Single female with

oviposition mostly happened in the ages after 23 days.

37

doi:10.6342/NTU201801772



150+

100+ °

[4)]
o
®

Fecudity(eggs/female)

& 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42
Age in days

B~ ~ < g £45 (Chrysomya megacephala) ¥ &g %Pk 4 RIz2 A F & & F [l

B20EAFY 0 R 1l A NINA P o e P AL 8 X T 42 % 0 E meng e

oA RES NN AT R ESEPEPED & (N=20)-

Figure 6. Distribution of egg load test results for a single Chrysomya megacephala

female. In the 20 replications, only 11 groups had a portion of eggs produced. Records

from 8 days to 42 days of age, with oviposition distribution for each group, and spots

with different colors represent the number of ovipositors and day-olds (n = 20) in

different groups.
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