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Abstract
The praying mantis genus Hierodula is widespread throughout temperate and tropical Asia, and its species are well

recognised due to their large size. Nevertheless, the life history of many of its species remains unknown. Therefore, we

investigate the biology, life cycle, mating, cannibalism, and spermatophore feeding of the species Hierodula tenuidentata.

The mean incubation period of five field-collected oothecae was 36.4 days (± 0.5 SD) and thus very similar to oothecae

laid in the laboratory (35.1 days ± 3.0 SD). The mean number of nymphs hatching from the field-collected oothecae was

22.0 (± 3.1 SD), while this number was considerably higher for the oothecae laid in the laboratory (97.1 ± 11.0 SD). The

time needed from hatching to imago was about 89.1 days (± 0.7) and included nine moults for males and ten moults for

females. The mean life span of females (93.3 days ± 5.3 SD) was longer than of males (48.6 ± 4.7 SD). We observed

spermatophore feeding by the female at the end of mating; sexual cannibalism occurred during copulation.

Keywords Life history � Hierodulini � Giant Asian mantis

1 Introduction

Although being charismatic and well-recognised organ-

isms, the biology and life cycle of mantids is, in general,

poorly known, but has received considerable attention from

biologists in recent years (Holling and Dill 1976; Eisenberg

et al. 1981; Birkhead et al. 1988; Hurd et al 1994, 1995;

Harris and Moran 2000; Hurd et al. 2004; Perez 2005;

Allen et al. 2012; Raut and Gaikwad 2016; Vanitha et al.

2016; Greyvenstein et al. 2020; Shcherbakov and Govorov

2020; Greyvenstein et al. 2021). Hierodula Burmeister,

1838 is among the richest genera of Mantodea with 104

described species (Otte and Spearman 2005). Nevertheless,

their taxonomy is not well understood and still appears to

be paraphyletic with respect to the other genera in Hiero-

dulinae subfamily (Schwarz and Roy 2019). It can be due

to the scarcity of records and data on their natural and

evolutionary history. Hierodula therefore is in strong need

of a careful taxonomic revision to verify the validity of

many species and determine their respective diagnostic

characters, but also the improvement of the knowledge on

their life history and biology is crucial to understand their

diversification and evolution. Moreover, some species of

this genus have been recently recorded outside their native

ranges as alien species in Europe, with possible impact on

native ecosystems (Battiston et al. 2018; Schwarz and

Ehrmann 2019; Battiston et al. 2020; Moulin 2020).

Distribution and taxonomy of Hierodula tenuidentata

Saussure, 1869 is still discussed. Its presence in South-East

Asia is poorly known and is overlapping with similar

species with doubtful records. In general, this species is

rather common and widespread, but its biology is still

unknown.

The aim of this study therefore is to investigate the life

cycle of this species under optimal conditions evaluating

how many generations this species can have per year, how

many months it takes to complete their life cycle, how

many nymphs hatch from an ootheca, and the influence of

its size and weight on the number of nymphs. We also ask

how many moults it needs to complete the life cycle,

& Saber Sadeghi

ssadeghi@shirazu.ac.ir

1 Biology Department, Faculty of Sciences, Shiraz University,

Shiraz, Iran

2 Museo Di Archeologia E Scienze Naturali ‘G. Zannato’,

Montecchio Maggiore, Italy

123

Iran J Sci Technol Trans Sci (2022) 46:1163–1169
https://doi.org/10.1007/s40995-022-01325-2(0123456789().,-volV)(0123456789().,- volV)

http://orcid.org/0000-0002-1496-8253
http://orcid.org/0000-0002-3183-8979
http://orcid.org/0000-0003-2776-9154
http://crossmark.crossref.org/dialog/?doi=10.1007/s40995-022-01325-2&amp;domain=pdf
https://doi.org/10.1007/s40995-022-01325-2


whether cannibalism is present, and how many oothecae

can be laid by a single female.

2 Material and Methods

2.1 Collection, Rearing Condition, and Life
History

The life cycle of Hierodula tenuidentata was studied from

March 2019 to June 2020 under laboratory conditions. Five

oothecae were collected accidentally right after the females

laid them on the branches in nature (Kohmare-Sorkhi, Fars,

Iran), and then, they were stored separated in glass jars

(15 9 15 9 10 cm) at room temperature (* 25–27 �C).
Relative air humidity (RH) was maintained on a level of

40–45% by occasional misting with water. RH was mea-

sured using a HTC2 digital terrarium hygrometer (Dong-

guan City, China).

In total, 110 nymphs hatched from the five field-col-

lected oothecae. Sixty of them were separated into two

groups: 30 nymphs were placed in 30 separated jars

(8 9 8 9 5 cm) and another 30 in a glass terrarium (20

9 20 9 15 cm) all together to examine the cannibalism in

the first and second instars. The jars had three holes in their

cap (each 2 mm in diameter) to allow airflow. A thin piece

of a tree branch (10 mm 9 10 cm) was placed into all jars

for climbing and hanging purposes, especially during

moults. After reaching their third instar, the nymphs that

survived in the terrarium were transferred to separated jars.

During the first and the second instars, the nymphs were

fed with fruit flies (Drosophila melanogaster Meigen

1830), i.e. three individuals per nymph every second day.

Latter instars were fed with living mealworm larvae

(Tenebrio molitor Linnaeus 1758).

All jars were checked daily, and all parameters (i.e.

hatching, feeding, mating, oviposition, fecundity, and

longevity) were recorded. All dead or uneaten preys were

removed to avoid contamination or disturbance. After the

final moult, the sex of each individual was recorded.

To observe mating behaviour and sexual cannibalism,

seven males and seven females, two weeks after their final

molting, were picked randomly and each couple were

placed in a glass terrarium (40 9 40 9 30 cm) filled with

some natural elements such as rocks, wood branches for

hiding and moving. Before their encounter, males and

females were fed with a sufficient amount of food (four

adult mealworms for each female and two adult meal-

worms for each male). Mated females were fed with two to

four mealworms daily and checked for the egg cases they

laid which were recorded.

Fifteen oothecae were used for examining the correla-

tion between oothecae size, weight, and hatching number

of nymphs. Ten oothecae were watered for one day to

soften, and then, they were dissected in order to observe the

oothecae inner structure and egg arrangement under the

microscope.

Low temperature was used as killing agent, and then

specimens were pinned, spread and dried. Length, width,

and height of each ootheca were recorded, based on

Brannoch et al. (2017). The measurements of each nym-

phal instar, adults, and oothecae were recorded using a

digital calliper with 0.01 mm sensitivity. The bodyweight

of females and the oothecae was measured by a Mettler

digital laboratory-scale balance analytical PC440 with

0.001 g sensitivity. Photographs were made with a Canon

EOS 700D digital camera. The descriptive statistics (means

and standard error) were calculated using Microsoft Excel

2019. Collection codes are assigned to all specimens and

oothecae. The identifications were carried out by the first

author (Z.M.) using Battiston et al. (2010), and the wasps

were identified by H. Lotfalizadeh, chalcidoid specialist.

The materials are preserved in the following collections

(Iran): ZMPC—personal collection of the first author,

Kangan; ZM-CBSU—Zoological Museum of Shiraz

University.

3 Results

Family Mantidae Latreille, 1802.

Genus Hierodula Burmeister, 1838.

Hierodula tenuidentata Saussure, 1869 (Fig. 1).

3.1 Biology

The field-collected oothecae (Fig. 2) were deposited by the

females at the end of branches of pomegranate trees. They

were collected immediately after the females finished their

laying ootheca which they were found accidentally, so the

incubation period was determined from the day we placed

them in the laboratory. They were up to 24 mm in length,

and their shapes were globular with a pointed apex.

Nymphs hatched from the upper rim of the ootheca.

Information on oothecae weight, length, and hatching

number of nymphs is given in Table 1. All nymphs of a

single ootheca hatched within a single day. All of the

oothecae were parasited by Podagrion pachymerum

(Walker 1833) (Fig. 2c) in their wild habitat. Information

on the mean number of wasps that emerged from the

oothecae is given in Table 1.
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3.2 Development of Stages

Sixty nymphs were reared in total, but only 25 of them

(i.e. 41.7%; 7 males, 18 females) completed their life

cycle. In the first nymphal stage, the average length of the

body increased by 11.3% in each stage (Table 2). Nymphs

were appropriately supplied with their prey (mealworms,

and fruit flies) which was reared by the first author in the

laboratory. Before each moulting, nymphs will tend to be

motionless and stop feeding. As the size of the nymph

increases, the consumption of the prey also increases. The

period between first to third instars has a high mortality

rate, but mortality decreases in the last instars. The high

mortality rate may have been affected by the diet or other

laboratory conditions. Adult females had a longer life

span (93 days ± 6 SD) than males, (48 ± 4 SD)

(Table 3). Females were more voracious and consumed

more prey than males, and their abdomens are much

bigger and broader than those of males. Males have much

longer antenna than the females. They are so similar in

apparencies and the difference is by their size and their

thickness, as the males are smaller and slender than the

females.

Nymphs were light green (Fig. 2d) when they emerged

and active immediately after hatching and searching for

prey. The nymphs moulted ten times for the females and

nine times for the males in order to reach the adult.
Fig. 1 a H. tenuidentata, male habitus; b female habitus, photograph

by: Z. Mirzaee

Emergence area

Egg chamber

Length

5 mm
a b

c d

Fig. 2 a H. tenuidentata
ootheca, white colour: the wasp

(Podagrion pachymerum),
yellow colour: the holes on

ootheca caused by wasp, red

colour: emergence area of

nymphs; b general morphology

of dissected ootheca;

c emergence of Podagrion
pachymerum; d 1st instar

nymph, photograph by: Z.

Mirzaee
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Group number two which included 30 nymphs that were

placed together in a terrarium showed cannibalism in the

first two instars even when plenty of food was available.

Seven out of 30 (23%) were eaten by the others.

3.3 Mating (Fig. 3a & b)

After mating, we observed spermatophore feeding in all of

seven female cases that were mated. The females fold

themselves to reach their genitalia and remove the sper-

matophore with their mouthparts and consume it (Fig. 3c &

d).

3.4 Oviposition

The females in their natural habitat laid their oothecae

mostly on pomegranate trees (Punica granatum), espe-

cially delicate branches. The reared females laid oothecae

on the sticks placed in their jars. Four out of seven laid

their first ootheca after seven days, two after eight days,

and one after five days. Most oothecae were laid at night.

The oothecae were very soft and light greenly coloured in

the first hour after being laid; afterwards, they dried and

hardened and turned into light brown within two hours;

after one day, their colour turns to dark brown. According

to the total calculated adult lifespan, two of the mated

females laid five oothecae, four of them three, and one only

one. Laying of oothecae was done from a downward

direction. Observation of sagittal section of dorsally dis-

sected oothecae showed that egg chambers were arranged

in a circular pattern, with rows containing from two to five

eggs each, arranged next to each other (Fig. 2b).

4 Discussion

According to our study, it seems that this species is uni-

voltine and has one generation per year. The nymphs

emerged in spring (i.e. May and early June) and reach

adulthood in summer (late August). At the end of summer

and early autumn (mostly September), the females lay their

oothecae. In autumn and winter, the eggs remain unhat-

ched. According to Tables 1 and 4, the number of emerged

nymphs varies from oothecae collected and developed in

nature with oothecae that were reared in laboratory con-

ditions. This may be due to the more challenging access to

nutritional resources and therefore to the number of eggs

produced by the parents or to the level of parasitisation that

in the oothecae left in the wild is considerable. It is likely

that a concurrence of these two factors in nature leads to

reduced hatching on average of 32% per ootheca.

According to Table 5, the number of laid oothecae depends

on the female diet, size, weight, and consumption of males.

Females that consumed the male during copulation laid

Table 1 Mean weight, length, incubation period, hatching number, and wasps emerged from field-collected oothecae (n = 5)

Weight (g) Length (mm) Incubation period (d) Hatchings Wasps emerged

Mean 0.06 24 36.4 22 39.8

SD 0.01 1.6 0.5 3.1 6.1

Table 2 Total body length (mm) of different life stages. n = 25 for

first to tenth instar, n = 7 for adult males, n = 18 for adult females

Stages Min Max Mean SD SE

1st instar 17 18 17.5 0.4 0.08

2nd instar 17 19 18.2 0.4 0.08

3rd instar 18 20 19.0 0.5 0.11

4th instar 19 21 20.0 0.6 0.11

5th instar 21 23 22.2 0.5 0.10

6th instar 22 25 23.9 0.8 0.17

7th instar 29 34 31.3 1.2 0.23

8th instar 30 35 33.0 1.4 0.27

9th instar 32 39 37.4 1.8 0.35

10th instar 42 50 44.8 2.3 0.45

Adult male 52 67 57.3 4.8 0.95

Adult female 70 85 78.1 4.8 0.96

Table 3 The developmental durations of each stage of the life cycle in

days. n = 25 for first to tenth instar, n = 7 for adult males, n = 18 for

adult females

Stages Min Max Mean SD SE

1st instar 9 12 9.7 1.0 0.2

2nd instar 7 9 7.9 0.8 0.2

3rd instar 6 7 6.5 0.5 0.1

4th instar 7 9 8.1 0.8 0.2

5th instar 7 8 7.5 0.5 0.1

6th instar 9 11 9.8 0.9 0.2

7th instar 8 9 8.5 0.5 0.1

8th instar 9 10 9.5 0.5 0.1

9th instar 7 9 8.1 0.8 0.2

10th instar 12 15 13.5 1.1 0.2

Adult male 41 55 48.6 4.7 1.8

Adult female 85 105 93.3 5.3 1.2
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larger ootheca and had more eggs. Increasing fecundity

was reported by Birkhead et al. 1988, and their study

showed that sexual cannibalism in Hierodula

membranacea can increase fecundity in female mantids.

Nevertheless, this assumption needs further verification in

future studies. In our study, females had one more moulting

Fig. 3 a and b pairing of H.
tenuidentata; c spermatophore

on the female genitalia; d

female consuming the

spermatophore, photograph by:

Z. Mirzaee

Table 4 Mean weight, length,

incubation period and hatching

number from oothecae laid in

the laboratory (n = 15)

Weight (g) Length (mm) Incubation period (d) Hatchings

Mean 0.59 24.1 35.06 97.87

SD 0.099 0.8 2.40 10.31

Table 5 Body weight, total body length, and number of oothecae laid in the laboratory as well as male cannibalism and spermatophore feeding

by females

Female No Body weight Total body length No. of oothecae laid Male cannibalised Spermatophore feeding

1 2.2 80 5 Yes Yes

2 2.1 73 5 Yes Yes

3 2.0 73 3 No Yes

4 1.1 64 3 No Yes

5 1.3 69 1 No Yes

6 2.0 78 3 No Yes

7 2.0 75 3 Yes Yes

Mean 1.8 73 3.2 N/A N/A

SD 0.4 5 1.3 N/A N/A
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than males, which suggests that this ‘‘extra’’ moult is

directed towards resource acquisition for egg production

(Birkhead et al. 1988; Barry et al. 2008). If larger body

mass allows for greater egg production and enhances the

ability to produce pheromones (Allen et al. 2012), then

larger females are predicted to have a fitness advantage.

Also, the male and females in our study had a higher

number of moults (ten times for females, and nine times for

males) than the other mantids in the Mantidae family.

Members of Mantidae usually have 7–8 moults in order to

reach the adulthood, therefore having 9–10 moults in our

study can be possibly caused by feeding the later instars

(first and second instars were fed by fruit flies) only by

mealworms, which were the only food we could provide

for them. In fact, the food limitation can affect the mantid

survivorship, the times to reach adulthood, and also egg

production (Hurd et al. 1994). In our study, we observe that

the prey type and the using just one type of prey like

mealworms can affect these three components in the

mantids life cycle and we observe that the females with

sexual cannibalism that consumes the males laid more

oothecae which contains more eggs and had more offspring

than the females did not consume the male during mating.

There are various studies regarding Mantodean’s life

history and biology (Holling and Dill 1979; Eisenberg et al.

1981; Birkhead and Young 1987; Hurd et al. 1994, 1995;

Iwasaki 1996; Harris and Moran 2000; Hurd et al. 2004;

Perez 2005; Allen et al. 2014; Raut and Gaikwad 2016;

Greyvenstein et al. 2020; Shcherbakov and Govorov 2020;

Greyvenstein et al. 2021), but no study was done con-

cerning Hierodula tenuidentata life history and biology.

Therefore, the results obtained from this study are com-

pared to studies that were done on Hierodula ventralis

Giglio-Tos, 1912, and Hierodula patellifera (Serville

1839).

We have noticed that the morphology and the unique

characteristics of oothecae of this species are similar to the

oothecae of Hierodula ventralis and Hierodula patellifera

(Leong 2009; Raut et al. 2014).

The parameters like size, shape, and also the colour of a

mantid oothecae can be influenced by various biotic and

abiotic factors such as temperature, food availability,

humidity, genetics, the presence of males (Robert 1937;

Breland and Dobson 1947; Hurd et al. 1995), natural

enemies that parasite or prey on their eggs such as Chal-

cidoids (Eupelmidae, Torymidae, Ichneumonoidea, etc.)

(Mirzaee et al. 2021a), Dermestid beetles such as Der-

mestes sp., Orphinus sp., and Thaumaglossa sp. (Coleop-

tera: Dermestidae) (Kershaw 1910; Hawkeswood 2003);

other arthropods such as Chernes sp. (Pseudoscorpiones:

Chernetidae), Synageles persianus (Araneae: Salticidae)

(Mirzaee et al. 2021b). These factors (biotic and abiotic)

can influence not only the structure of oothecae but also the

population dynamics of mantids in the wild.

The incubation period for field-collected oothecae was

36.4 days (± 0.5 SD) (Table 1) which is slightly different

for the oothecae that were laid in captive conditions

(35.1 ± 3.0 SD) (Table 4). The incubation period recorded

for other species like Hierodula ventralis and Hierodula

patellifera was 25 days, Leong (2009 did not mention the

laboratory conditions he used, but Raut et al. 2014 used

laboratory conditions at 25 to 30 �C and 75–80% RH

which is different with our study (Leong 2009; Raut et al.

2014), and it shows that the nymphal development in those

two species is shorter than in H. tenuidentata. We assume

that this difference can be due to the effect of photoperiod

and temperature on the biology of nymphs.

The maximum number of oothecae produced by

Hierodula tenuidentata in this study was five; however, in

other studies, such as Leong 2009, the female of Hierodula

patellifera laid only one ootheca, and in Raut et al. 2014,

the female of Hierodula ventralis laid two oothecae.
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