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Study on Hemogram and the Effect of Thermal Stress on 
Hemocytes and Development in Dacus ciliatus (Diptera: 

Tephritidae) 

Maryam Ajamhassani1*, Mohamed El Aalaoui2, and Bita Valizadeh3  

ABSTRACT  

This study investigated the hemocyte profile, hemogram across all biological stages, and 
the morphological and frequency changes of hemocytes in the third instar larvae exposed 
to temperature stress. Cucumber fruits infected with insect larvae were collected and the 
third instar larvae were extracted from the fruit tissue. The hemolymph was then 
collected and, after staining with Giemsa solution, were identified under a light 
microscope. The hemogram analysis included DHC, THC, and blood volume across all 
biological stages. In the third instar larvae, plasmatocytes and granulocytes were the most 
abundant, comprising about 56% of the hemocyte population. In contrast, prohemocytes 
were most frequent in the first instar larvae, accounting for approximately 37%. THC 
was highest in the larvae, indicating a direct correlation between hemolymph volume and 
total hemocyte count. Temperature stress had a significant impact on hemocyte numbers. 
Heat stress, with temperatures up to 30 and 35°C, led to a notable increase in total cell 
count, granulocytes, and plasmatocytes. Conversely, cold temperatures resulted in a 
decrease in prohemocytes, plasmatocytes, granulocytes, and the total cell count compared 
to the control. Additionally, temperature stress induced hemocyte deformation, with 
plasmatocytes and granulocytes showing the most pronounced changes, including torn 
cell walls and loss of cell contents at 35○C. Cold stress had a greater effect on the 
shrinkage of prohemocytes than on the other cell types. Temperature stress also 
significantly affected the developmental characteristics of the fruit fly. Heat stress 
reduced the pupation length and emergence rates, while cold stress more prominently 
impacted birth rates. This study provides a foundation for further research into the 
physiological defense mechanisms of this pest. 

Keywords: Developmental stage, ciliatus.Dacus identification,HemocyteDHC,
Temperature stress, THC. 

INTRODUCTION 

The Tephritidae family, commonly known 
as fruit flies, includes over 4,000 species 
worldwide. The larvae of this family feed on 
the seeds, fruits, and stems of various 
agricultural and horticultural crops, with 

speciestheseapproximately 30% of
cropstrucktissue offruitthetargeting

thethem,Among2011).(Norrbom,

Ethiopian fruit fly, Dacus ciliatus (Loew) 
(Diptera: Tephritidae), is an oligophagous 
pest primarily affecting the Cucurbitaceae 
family. This pest is active in tropical and 
subtropical regions of Asia and Africa 
(Vayssières et al., 2008, Abdallah et al., 
2012, EPPO, 2018) and is particularly 
destructive in Iran’s fields and greenhouses 
(Barzkar et al., 2017). The larvae of D. 
ciliatus cause significant damage to various 
cucurbit crops, including spring cucumbers, 
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autumn cucumbers, Armenian cucumbers, 
pumpkins, melons, honeydew melons, and 
zucchini, leading to fruit spoilage and 
reduced market value. The damage begins 
when larvae penetrate the fruit tissue, 
leaving a visible entrance hole, and as they 
feed, they create tunnels that deform the 
fruit. Under severe infestation, a single fruit 
may contain multiple larvae at different 
developmental stages. Notably, D. ciliatus 
does not undergo obligatory diapause, 
allowing it to remain active year-round 
under favorable conditions, particularly in 
cucumber greenhouses, where it can 
devastate up to 90% of the crop yield if left 
unmanaged (Arghand, 1983, Paydar et al., 
2020, Mohammad, 2022). 

Understanding the physiological 
characteristics, particularly the 
immunological aspects of insects, is crucial 
for developing effective strategies to combat 
the pests using chemical and microbial 
agents. The immune response of insects 
serves as a key indicator of hemolymph 
stress or contamination. Sensitivity and 
resistance to pathogenic agents vary across 
different insect species and developmental 
stages. A strong immune system in insects 
can prevent the development of infections 
during microbial challenges, with the 
outcome largely depending on the 
robustness of the insect's immune defenses 
(Washburn et al., 2000, Kanost et al., 2007). 
The first step in this field involves 
identifying hemocytes and their frequency 
across the insect's developmental stages 
(Valizadeh et al., 2017, Go et al., 2022).  

The immune reactions of insects are 
influenced by various environmental and 
non-environmental factors, such as 
temperature changes, diapause, feeding, 
molting, starvation, and the entry of 
contaminants or infections into the 
hemolymph. These factors underscore the 
sensitivity of the circulatory system to stress 
and osmolality changes (Siva-jothy and 
Thompson 2002; Lee et al., 2008). 
Osmolality, which refers to the 
concentration of solute particles in a 
solution, is a critical characteristic of 

hemolymph, playing an essential role in 
blood circulation, gas exchange, 
metamorphosis, adult emergence, and wing 
expansion (Jiang et al., 2023; Salcedo et al., 
2023). Upon identifying a foreign agent, 
hemocytes such as plasmatocytes and 
granulocytes, react by altering their shape, 
type, and density, followed by processes like 
phagocytosis and nodulation, which are vital 
for the insect's innate immune response 
(Pech and Strand, 2000, Black et al., 2022).  

Temperature is a significant environmental 
factor that influences insect growth, body 
size, molting, reproduction, abundance, 
survival, generation time, and immunity 
(Vogel et al., 2022; Mutamisva et al., 2023). 
Insects typically have an optimal 
temperature range for growth and 
development, with deviations from this 
range negatively affecting their survival 
(Foray et al., 2014, Cui et al., 2018 ). 
Exposure to high or low temperatures can 
significantly alter hemocyte density, 
depending on the insect's growth stage and 
species, thereby affecting the insect's 
resistance to control measures (Browne et 
al., 2014; Vogel et al., 2022). Various 
studies have documented the effects of 
temperature on hemocyte morphology and 
numbers in different insects, including 
Phthorimaea operculella Zeller (Lep: 
Gelechiidae), Gromphadorhina 
coquereliana, and Megastigmus pistaciae 
(Hym: Torymidae) (Pourali and 
Ajamhassani, 2018; Lubawy and Stocinska, 
2020, Ajamhassani et al., 2023). 

Dacus ciliatus is a serious pest in fields 
and greenhouses, remaining active 
throughout the year. Environmental 
temperature fluctuations or temperature 
stresses in greenhouses can affect the growth 
and physiological activities of this insect. 
These environmental changes may also alter 
the insect's sensitivity to various pesticides 
or natural enemies (Zhu et al., 2012). By 
studying how environmental changes affect 
the immune system of this fly, more 
effective control methods can be developed 
and implemented. Therefore, the purpose of 
this research was to identify the hemocytes, 
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assess the hemogram, and evaluate the 
effects of thermal stress on the hemocyte 
profile and some biological characteristics of 
D. ciliatus. 

MATERIALS AND METHODS 

Insect Rearing 

Cucumbers infected with D. ciliatus larvae 
were collected from infested cucumber 
greenhouses of Semnan City (35.5767° 
North, 53.3949° East), Semnan Province, 
Iran, during 2022 growing season. They 
were transferred to the laboratory under 
controlled conditions in growth chamber 
(temperature 24±1○C, relative humidity 
60%, and light-dark ratio 14:10 hours). 
Growth chamber condition was checked 
daily. Contaminated cucumbers were placed 
in plastic containers (40 cm length×40 cm 
width×40 cm height). The first, second, and 
third instar larvae were distinguished based 
on body length and head capsule width 
(Dyar, 1980) [Figures 1 (a-c)]. The 
characteristics of larval instars are shown in 
Table 1. Feeding third instar larvae were 
utilized to identify hemocytes and determine 
parameters related to hemogram. 
Subsequently, infested cucumbers, 
consumed by larvae and nearing spoilage, 
were substituted with healthy cucumbers, 
and the larvae were carefully transferred to 
the healthy cucumbers using a brush.  

Hemocyte Identification 

Hemocytes were identified by using Gupta 
keys and staining cells by Giemsa. Cells 
were observed using an Olympus BH2 light 
microscope at 40× magnification and 

identified based on size and morphological 
characteristics (Gupta, 1985; Jones, 1962). 

Hemogram 

Differential Hemocyte Count (DHC)  

The larvae fed on greenhouse cucumber 
were used for DHC calculations. Differential 
hemocytes of larvae, pupae, and adults were 
calculated. Following hemolymph collection 
using a sterile needle from the area between 
abdominal segments 3 and 4, the samples 
were placed on a slide, and a smear was 
prepared using another slide. A staining 
solution composed of Giemsa (Merck 
KGaA, Germany) and distilled water in a 
9:1 ratio was added to the slide and allowed 
to stand for 5 minutes. Subsequently, the 
slide was washed in distilled water and 
briefly immersed for 5 seconds in a saturated 
lithium carbonate solution to fix the cell 
staining (Yeager, 1945). After another rinse, 
the underside of the slide was dried using 
filter paper. One hundred hemocytes were 
randomly selected at 40× magnification and 
differentially counted using an Olympus 
BH2 microscope. Twenty-five samples from 
each biological stage were examined.  

Total Hemocyte Count (THC)  

For THC, approximately 1 μL of 
hemolymph from two larvae was collected 
using a capillary tube and mixed with 10 μL 
of Tyson buffer as an anticoagulant solution 
(NaCl2 72 Mm, Na2SO4 9 Mm, glycerol 43 
Mm, methyl violet 0.06 Mm, distilled water) 
(Mahmood and Yusaf, 1985). Hemolymph 
and Tyson solutions were placed on 
Neubauer slides (HBG, Germany), and 

Table 1. Morphometric size (mean±SE) of different larval development of Dacus ciliatus (n= 20). 

 Larval stages 
 First instar larvae Second instar larvae Third instar larvae 

Body length (mm) 2.9±0.16 4.7±0.22 7.1±0.26 
Head width (mm) 0.32±0.02 0.67±0.03 1.1±0.45 

 



 
Figure 1. Developmental stages of Dacus ciliates: (a) First instar larva, (b) Second instar larva, (c) 

Third instar larva, (d) Pupa, (e) Adult (female), and (f) Damage of larvae on cucumber (original photo). 
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2023). After 24 hours, hemocytes from the 
third instar larvae were stained with Giemsa 
and examined using a light microscope at 
40× magnification. Hemocyte deformation 
was then recorded. 

Effect of Thermal Stress on Pupae  

Fruits infected with larvae were divided 
into four groups within rearing containers 
and were subjected to test temperatures (5, 
24±1, 30, and 35○C). After 24 hours, the 
fruits were transferred to growth chamber 
conditions (for the control treatment, the 
fruits were kept under growth chamber 
conditions (temperature 24±1○C, relative 
humidity 60%, and light-dark ratio 14:10 
hours) for 24 hours, The dead larvae were 
removed from the fruits and the alive third 
instar larvae were transferred to fresh fruits 
to complete their life cycle and become 
pupae and adults. These fruits were checked 
daily. New puparium usually has a light 
brown color and body length is 4.8±0.17 
mm (Figure 1-d). New pupae were separated 
daily and 2-old-days pupa were weighed. 
The other characteristics such as the pupal 
period, percentage of adult emergence, and 
adult longevity were examined (40 third 
instar larvae were examined for each 
treatment). After emerging, adult flies were 
gently transferred to the falcon tubes and 
supplied with a solution of water and honey 
to determine their longevity. 

Statistical Analysis  

All data obtained from a complete 
randomized design were compared by one-
way Analysis Of Variance (ANOVA) 
followed by Tukey's test when significant 
differences were found at P≤ 0.05 (SAS, 
9.4). Differences between samplings (n= 3) 
were considered statistically significant at a 
probability less than 5%, and marked in 
figures and tables. 

 

RESULTS 

Identification of Hemocytes and 
Determination of Their Abundance  

Five types of hemocytes were observed in 
the hemolymphs of D. ciliatus larvae, 
namely, prohemocytes, granulocytes, 
plasmatocytes, oenocytoids, and 
spherulocytes.  

Prohemocytes are round and the smallest 
cells in terms of size (Table 2). They feature 
a large, central nucleus that occupies the 
majority of the cytoplasmic volume (Figure 
2). The highest abundance of prohemocytes 
was observed in the first instar larvae 
(37±2.2%), whereas their number decreased 
in subsequent stages, with the lowest 
abundant observed in the third instar larvae 
and pupae (Table 3) (F= 56.3, dft,e= 4,14, P≤ 
0.0001). 

Granulocytes with central or semi-central 
nuclei varied in sizes and were sometimes 
the largest cells (Figure 2). The cytoplasm 
surface contained numerous granules, which 
were visualized with Giemsa blue. The 
frequency of these cells was higher in the 
third instar larvae (29±1.5%) compared to 
other stages and lowest in the first instar 
larvae (16.5±2.3%) (Table 3) (F= 84, dft,e= 
4,14, P≤ 0.0001). Plasmatocytes exhibited a 
spindle-shaped or eye-shaped morphology 
with varying sizes (Figure 2). The 
abundance of plasmatocytes was highest in 
the third instar larvae (26.4±2%) and lowest 
in the first instar larvae (21±1.6%) (Table 2), 
(F= 55.4, dft,e= 4,14, P≤ 0.004). Oenocytoids 
were egg-shaped with lateral nuclei and 
were similar but slightly larger in size 
compared to prohemocytes (Figure 2, Table 
2). The frequency of these cells was lower 
than the previous cells (Table 3) (F=107, 
dft,e=4,14, P≤ 0.0001). Spherulocytes of 
medium to large sizes were observed in 
larval hemolymph (Table 2) (Figure 2). 
Small spherules around the nucleus occupied 
the cytoplasm surface and had the least 
frequency of cells (Table 3) (F= 92.6, dft,e= 
4,14, P≤ 0.0001).  



Table 2. Morphometric measurements of hemocytes in larvae of Dacus ciliatus (n= 20). 

Size (µm)a 
Hemocyte type 

Width (mean±SE) Length (mean±se) 
3±2.5b 3.1±2.4b Prohemocyte 

2.4±2.8bc 6.2±2.6ab Plasmatocyte 
6.2±2.6a 8.2±3.3a Granulocyte 
2.9±0.8b 3.2±1.5b Oenocytoid 
5.3±2.8ab 6.5±3.1ab Spherulocyte 

a Different letters in each column show significance using Tukey’s test at P< 0.05). 
 
Table 3. Frequency of hemocytes in developmental stages of Dacus ciliatus (n= 25). 

Frequency of hemocytes (%)a 
Developmental stage 

Spherulocyte Oenocytoid Granulocyte Plasmatocyte Prohemocyte 
6±1.1a 11±0.5b 16.5±2.3c 21±1.6bc 37±2.2a 1st Instar larva 
8±1.3a 14±0.7a 20±2.4b 23±0.8b 30.3±1.6b 2nd Instar larva 
7±1a 12±0.5b 29±1.5a 26.4±2a 24.1±1.4cd 3rd Instar larva 

6.4±0.2a 11.5±1.1b 27±0.8a 25.4±1.6a 24.2±2.2cd Pupa 
6a 8±0.6c 26±1.3ab 25.4±1.4a 27±1.3c Adult 

a Different letters in each column show statistical differences among biological stages (Tukey’s test, P≤ 
0.05). 

 
Figure 2. Light microscopy pictures of Dacus ciliatus hemocytes stained with Giemsa. PR (Prohemocyte), 

PL (Plasmatocyte), OE (Oneocytoid), GR (Granulocyte), SP (Spherulocyte), and Scale bar= 10 µm. 
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affected by cold and heat. The results 
showed that the total hemocyte count (F= 
84.2, dft,e= 3.10, P≤ 0.0001), granulocytes 
(F= 102.5, dft,e= 3,10, P≤ 0.0001), 
plasmatocytes (F= 109.35, dft,e= 3,10, P≤ 
0.0001), and oenocytoids (F= 104, dft,e= 
3,10, P≤ 0.0001) of larvae subjected to heat 
(30 and 35℃) were significantly higher than 
those of the control larvae. In all the 
aforementioned cases, except for 
oenocytoids, a significantly lower number of 
hemocytes in larvae experienced cold stress 
compared to the control group. Prohemocyte 
number decreased under cold too stress. The 
total hemocyte count in the larvae exposed 
to 35℃ (421±25 cells mm-3) and 30℃ 
(377±28.1 cells mm-3) was higher than that 
of the control larvae (340±11.5 cells mm-3). 
Moreover, cold stress at 5℃ significantly 
decreased the number of hemocytes in 
larvae, reducing it to 262±15 cell mm-3 
hemolymph (Figure 3).  

Furthermore, the granulocyte count was 
higher in larvae placed at 35℃ (177±14 cell 
mm-3) cell in mm3 and 30℃ (145±15.5 cell 
mm-3) than in control larvae (107±11.3 cell 
mm-3). Similar to the previous case, the 
number of granulocytes significantly 
decreased under cold stress, being reduced 
to about half the number of hemocytes in the 
control larvae (45±6.5 cell mm-3 
hemolymph) (Figure 4). The changes 
observed in plasmatocytes under the 
influence of high and low temperatures were 
similar to those in granulocytes. In other 
words, the increase of these cells in heat 
stress and the decrease of plasmatocytes in 
cold were significant compared to the 
control. At 30 and 35○C, the rate of increase 

of plasmatocytes, like granulocytes, fell into 
a statistical group (Figure 5). 

Increases in oenocytoids differed at high 
temperatures, with 35○C caused a greater 
increase in the number of these cells. On the 
other hand, cold stress did not have a 
significant effect on the reduction of oeno-
cytoids. Larvae that experienced cold for 24 
hours showed no significant differences in 
the number of oeno-cytoids compared to the 
control group (Figure 6). 

Under the influence of cold stress, 
prohemocytes exhibited a significant 
decrease compared to the control group, and 
their numbers reduced to about half. Based 
on the observations, the number of 
prohemocytes increased in higher 
temperatures but showed no significant 
difference with the control (Figure 7).  

Morphological Changes of Hemocytes in 
D. ciliatus Affected by Thermal Stress 

Heat and cold stress significantly affected 
the shape of hemocytes. Nonetheless, cells 
underwent greater changes in appearance 
under heat stress compared to cold. 
Granulocytes (55±2.3%) and plasmatocytes 
(42±7%) were deformed more than the other 
cells by temperatures of 30 and 35℃ (Figure 
9). At 30℃, the walls of the granulocytes 
were wrinkled; at the temperature of 35℃, 
after the cell wall was torn, the cell contents 
gradually came out of the cell (Figure 8). In 
some cases, cells were seen to disintegrate 
under the influence of 35℃. The cell walls 
of plasmatocytes and oenocytoids were also 
wrinkled by heat stress. Cold had the 
greatest effect on the morphology of 
prohemocytes (Figure 9). These cells were 
severely shrunk at 5℃, and the nuclei were 
compressed.  

Table 4. Body weight, Hemolymph Volum (HV), Total Hemocyte Count (THC), in developmental 
stages of Dacus ciliates.a 

THC (cell mm-3) HV (µL) Weight (mg) Developmental stage 
85.5±10d 1±0.33cd 0.08±0.01d 1st instar larva 
210±34.3c 1.5±0.2c 3±0.2c 2nd instar larva 

314.4±22.4a 3.1±0.3a 17±0.4a 3rd instar larva 
256±16.4b 2.9±0.3a 14±0.4b Pupa 

230.2±21.4bc 2.2±0.21b 18±1 a Adult 

a Different letters in each column show statistical differences among biological stages (Tukey’s test, P≤ 
0.05). 



 
Figure 3. Effect of thermal stress on total hemocyte count in the third instar larvae of Dacus ciliates. 

 
Figure 4. Effect of thermal stress on granulocyte number in the third instar larvae of Dacus ciliates. 
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Figure 5. Effect of thermal stress on plasmatocyte number in the third instar larvae of Dacus ciliates. 

 
Figure 6. Effect of thermal stress on oenocytoid number in the third instar larvae of Dacus ciliates. 

 
Figure 7. Effect of thermal stress on prohemocyte number in the third instar larvae of Dacus ciliates. 

 



 

Figure 8. A, and B show the deformation of granulocytes; C shows the tearing of the cell wall in 
granulocytes affected by thermal stress at 30○C; D shows the exit of cellular contents from the granulocyte 
at 35○C; E shows the complete removal of cellular contents of the granulocyte and destruction of the 
nucleus as well as deformation of the oenocytoid, and F shows the shrinkage of the cell wall in 
plasmatocytes affected by cold stress. 

 
Figure 9. Cell deformation percentage of Dacus ciliatus affected by heat and cold stress. 

Table 5. Survival status of Dacus ciliatus affected by thermal stress.a 

Temperature 
(◦C) 

Days until 
pupation 

Pupal weight 
(mg) 

Pupal 
period 
(Day) 

Percentage of 
adult emergence 

(%) 

Adult 
longevity 

(Day) 
24±1 2±0.3a 14±0.4a 10±1a 98±5.5a 18.5±1.7a 

5 2±0.6a 13.5±0.6a 11.7±0.6a 58±1.5c 20±2a 
30 1±0.2a 12±0.2a 8.5±0.2b 84±5b 16.5±1.8a 
35 0.5±0.1b 11.2±0.3a 6.4±0.5c 80±2.4b 17±2.2a 

a Different letters in each column show statistical differences among biological stages (Tukey’s test, P≤ 0.05. 
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plasmatocytes, granulocytes, oenocytoids, 
and spherulocytes. It is important to note 
that, in some insects, these cell types can be 
reduced or transformed into other forms. For 
instance, different types of hemocytes have 
been observed in flies and mosquitoes. In 
Anastrepha obliqua (Macquart) (Diptera: 
Tephritidae), prohemocytes, granulocytes, 
plasmatocytes, adipohaemocytes, 
oenocytoids, and spherulocytes were 
identified in the hemolymph (Silva et al., 
2002). Similarly, in Musca domestica 
Linnaeus, Chrysomya megacephala 
(Fabricius), and Chironomus ramosus 
(Fabricius), prohemocytes, plasmatocytes, 
granulocytes, oenocytoids, and 
spherulocytes were observed (Pal and 
Kumar, 2014; Gaikwad et al., 2024). This 
variability suggests that there is no universal 
hemocyte pattern within this order (Bruno et 
al., 2022). The types and functions of 
hemocytes can vary not only between 
different insect orders but also among 
families, genera, and species within the 
same order (Gábor et al., 2020).  

The Differential Hemocyte Count (DHC) 
in D. ciliatus revealed significant variations 
in the population of different hemocyte 
types across its life stages. Prohemocytes 
were the most abundant hemocytes in the 
hemolymph of the first instar larvae, but 
their density decreased as the larvae aged. 
Prohemocytes differentiate into 
plasmatocytes before being released from 
hematopoietic organs, undergoing mitosis to 
become plasmatocytes and granulocytes 
during cellular defense or wound healing 
processes (Yamashita and Iwabuki, 2001). 
Plasmatocytes and granulocytes were the 
most abundant hemocytes in the third instar 
larvae and pupae, with a higher 
concentration in the third instar larvae. 
These cells are critical for cellular defense 
processes. Previous research has shown that, 
in Lepidoptera, plasmatocytes and 
granulocytes account for approximately 80-
90% of the total hemocyte population 
(Strand, 2008). It has been demonstrated that 
older larvae exhibit greater resistance to 
foreign factors compared to the younger 

larvae, likely due to the higher abundance of 
key immune cells like plasmatocytes and 
granulocytes (Valadez-Lyra, 2011). In D. 
ciliatus, the number of plasmatocytes and 
granulocytes peaked in the third instar larvae 
but decreased in the pupal and adult stages. 
In contrast, the numbers of oenocytoids and 
spherulocytes were low across all 
developmental stages, comprising 
approximately 6-11% of the total hemocyte 
population. 

The hemogram of D. ciliatus revealed a 
direct correlation between the insect's weight 
and both the hemolymph volume and Total 
Hemocyte Count (THC). The third instar 
larvae, which are larger and consume more 
food, cause more damage to crops and have 
greater body size and weight compared to 
other stages. Consequently, their blood 
volume and THC were significantly higher. 
In contrast, the first instar larvae, which 
were smaller with less feeding activity, 
exhibited lower hemocyte counts and 
hemolymph volume. It has been established 
that nutrition and food type significantly 
influence hemolymph volume and hemocyte 
density (Manjula et al., 2020). Furthermore, 
the increased nutritional demands of older 
larvae and the heightened concentration of 
antimicrobial protein compounds may 
contribute to changes in the hemocyte 
population (Gupta, 1985; Mason et al., 
2014). In adult flies, the reduced nutritional 
intake is associated with a significant 
decrease in circulating hemocytes compared 
to the third instar larvae. 

Many insects are ectotherms, i.e. their 
primary source of heat comes from the 
environment. Consequently, drastic 
temperature changes can significantly affect 
their homeostasis and survival. The ability to 
tolerate environmental stress is, therefore, 
crucial for their fitness, activity, 
reproduction, survival, and immunological 
potential (Boher et al., 2016; Herren et al., 
2023). In our study, we observed 
physiological changes in Dacus ciliatus 
hemocytes under short-term temperature 
stress (24 hours), specifically in their 
number and morphology. 



  _____________________________________________________________________ Ajamhassani et al. 

1436 

The effects of heat and cold stress on 
hemocyte count and morphology were 
evident. As the temperature increased to 
35°C, there was a significant rise in the 
number of hemocytes. This increase was 
attributed to cell division, particularly 
among prohemocytes, which differentiate 
into immunocytes in response to stress or the 
presence of foreign agents (Pandey et al., 
2010). Additionally, granulocytes and 
plasmatocytes were observed to undergo cell 
division as a result of elevated temperatures 
(Amaral et al., 2010). However, at these 
higher temperatures, the cell walls of 
granulocytes and plasmatocytes were 
compromised, leading to the rupture of cell 
membranes and the release of cell contents 
(Ghasemi et al., 2013). Similar observations 
were made in Scrobipalpa ocellatella 
(Boyd) (Lep: Gelechiidae), where 
granulocytes were severely deformed, and 
oenocytoids, despite their thick cell walls, 
were torn under high-temperature stress. 
Prolonged heat stress in larvae led to the 
complete disintegration of cells as their 
contents were fully expelled (Ajamhassani, 
2021). 

Conversely, cold stress resulted in a 
decrease in hemocyte numbers and caused 
compression and shrinkage of 
prohemocytes. Under unfavorable weather 
conditions or temperature drops, insects tend 
to reduce their vital activities, such as 
feeding and mobility (Ajamhassani et al., 
2023). As a result, some hemocytes are 
removed from circulation and attach to the 
body walls 

 (Rowley and Ratcliffe, 1978). In cold-
exposed cockroaches, the hemocyte area 
was significantly smaller compared to the 
control larvae. Specifically, at 4°C, the 
hemocyte size in Gromphadorhina 
coquereliana was markedly reduced 
(Lubawy and Stocinska, 2020). These cells 
were no longer part of the circulating 
hemocyte population. Similar effects have 
been reported in other insect species, such as 
Nicrophorus vespilloides Herbst 
(Coleoptera: Silphidae) (Urbanski et al., 
2017), Antheraea myllita (Drury) (Pandey et 

al., 2010), and Yponomeuta mallinellus 
Zeller (Ajamhassani and Mahmoodzadeh, 
2020). In our study, D. ciliatus exhibited 
comparable response to the thermal stress, 
where hemocyte size and morphology were 
notably altered by thermal stress. 
Granulocytes and plasmatocytes showed 
significant deformation under heat stress, 
while cold stress led to a marked reduction 
in prohemocyte size. These findings further 
support the sensitivity of hemocyte 
morphology to temperature extremes, 
consistent with the observations in other 
insect species. 

We observed a shortened pupal period in 
Dacus ciliatus individuals subjected to 
short-term heat stress. Additionally, the 
percentage of adult emergence was 
significantly lower in those exposed to both 
heat and cold, with cold stress having a more 
pronounced impact compared to the control 
group. Our findings suggest that the duration 
of heat stress plays a crucial role in 
influencing survival and the population 
dynamics of subsequent generations, which 
can ultimately affect damage levels, as 
highlighted by Herren et al. (2023). In their 
study, Tenebrio molitor Linnaeus 
(Coleoptera: Tenebrionidae) larvae were 
subjected to either short (2 hours) or long 
(14 hours) heat stress at 38°C, and the 
effects on larval survival and immune 
response were assessed. They found that 
brief exposure improved survival rates and 
enhanced antibacterial activity, whereas 
prolonged or delayed heat stress had less 
favorable outcomes, underscoring the 
importance of stress duration and timing. 

In contrast, Zheng et al. (2017) 
investigated the effects of a 2-hour heat 
stress at 35°C on Grapholita molesta 
(Busck) (Lepidoptera: Tortricidae) pupae. 
Their results indicated a significant increase 
in adult longevity and heat resistance, 
though fecundity was negatively impacted. 
This study demonstrates how, even short-
term, mild heat stress can enhance certain 
aspects of fitness, such as longevity, which 
contrasts with the lack of significant changes 
in pupal weight and adult longevity 
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observed in our study. Ouda et al. (2022) 
examined D. ciliatus at constant 
temperatures of 15, 20, 25, and 30°C, 
maintaining infested squash fruits at these 
temperatures to measure developmental 
rates from egg to adult. Their findings 
showed that higher temperatures accelerated 
the development of immature stages, 
consistent with our observation of 
accelerated development at elevated 
temperatures. Similarly, Mahmoud (2016) 
reported a reduction in the larval period of 
Bactrocera zonata (Saunders) (Diptera: 
Tephritidae) with increasing temperatures 
from 15 to 30°C. This observation aligns 
with our findings on the accelerated 
development of D. ciliatus, highlighting the 
broader impact of temperature on 
developmental rates across different species. 

Furthermore, high temperatures have been 
documented to reduce the developmental 
stages of Tuta absoluta Meyrick 
(Lepidoptera: Gelechiidae) (de Campos et 
al., 2021), and Athetis lepigone (Möschler) 
(Lepidoptera: Noctuidae) when temperatures 
were increased to 30°C during their 
development from egg to adult. (Li et al., 
2013). Despite insects having behavioral, 
morphological, and physiological 
adaptations to tolerate adverse 
environmental conditions, even slight 
deviations from the optimal temperature 
range for their growth can affect their 
survival and development (Mutamisva et al., 
2023). 

In our study, we found that temperature 
treatments did not significantly affect pupal 
weight or adult lifespan. This may be due to 
the larvae inside the fruits experiencing only 
a brief 24-hour temperature stress after 
nearly completing their feeding, suggesting 
that under these conditions, pupal weight 
and adult longevity remained largely 
unchanged. However, it is crucial to 
consider the physiological characteristics 
and sensitivity of each species to 
environmental changes. 

Our findings revealed a positive effect of 
thermal stress on certain biological and 
physiological aspects of D. ciliatus. While 

our study primarily focuses on the effects of 
thermal stress, understanding the broader 
implications, including the insect's immune 
response, can provide additional context. 
Specifically, future research should explore 
how thermal stress affects the insect's 
immune system and its ability to cope with 
other stressors, such as microbial agents and 
toxic substances. Investigating the 
interaction between thermal stress and 
immune parameters, like antimicrobial 
peptides and detoxifying enzymes, could 
offer valuable insights into the pest's overall 
resilience. Such studies will be essential for 
developing comprehensive pest management 
strategies that account for both 
environmental stress and biological factors. 

CONCLUSIONS 

In the present study, we investigated the 
impact of thermal stress on certain 
developmental characteristics and the 
hemocyte density of D. ciliatus. Our 
findings suggest that this insect exhibits 
sensitivity to thermal stress, which affects its 
development and physiological parameters. 
Given these results, it is crucial to conduct 
further research on the effects of thermal 
stress in greenhouse and field settings over 
extended periods. Understanding how 
thermal stress influences the survival and 
immune system of the insect, in both short 
and long terms, could provide valuable 
insights for managing its population and 
mitigating the damage it causes. 
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 :Dacus ciliatus (Dipteraبررسی هموگرام و تأثیر استرس حرارتی بر هموسیت ها و رشد در 
Tephritidae)  

  مریم عجم حسنی، محمد العلوی، و بیتا ولی زاده

  چکیده

 :Dacus ciliatus Loew (Dipteraاین پژوهش تاثیر تنشهای دمایی را بر سامانه ایمنی مگس جالیز 

Tephritidae) ن می دهد. با بررسی مرفولوژی و تراکم سلولهای خونی به عنوان اجزای اصلی ایمنی حشره نشا

با تغییر فاکتورهای مختلفی مانند تنش دما، تغییرات رژیم غذایی و ورود عفونتها و آلودگیها به همولنف، 

پروفایل سلولهای خونی سبب پاسخ ایمنی حشره می شوند. این تحقیق متمرکز بر پروفایل هموسیتها، هموگرام 

های لاروهای سن سوم مگس جالیز در مقابل همه مراحل زیستی و تغییرات مرفولوژیکی و فراوانی هموسیت

استرسهای دمایی بود. میوه های خیار آلوده به لارو، جمع آوری و به آزمایشگاه منتقل شدند. لاروهای سن 

سوم از بافتهای میوه خارج شدند. پس از استخراج همولنف از لاروها و رنگ آمیزی با محلول گیمسا، 

و ، DHC ،THCنوری، شناسایی شدند. در مطالعه هموگرام، پارامترهای  هموسیتها با استفاده از میکروسکوپ

حجم همولنف در همه مراحل زیستی اندازه گیری شد. در لاروهای سن سوم، گرانولوسیتها و پلاسماتوسیتها 

درصد فراوانی، بیشترین جمعیت را بین هموسیتها داشتند. در مقابل، پروهموسیتها در  ۵۶در مجموع شامل 

در لاروهای سن  THC%، بیشترین فراوانی را در لاروهای سن اول به خود اختصاص دادند. بالاترین ۳۷حدود 

سوم مشاهده شد که نشان دهنده ارتباط مستقیم بین حجم همولنف و تعداد کل سلولها بود. تنشهای دما تاثیر 

درجه سلسیوس، منجر به  ۳۵ و ۳۰معنی داری بر تعداد هموسیتها نشان داد. در تنش گرما، افزایش دما تا 

افزایش بارز تعداد کل سلولها، گرانولوسیتها و پلاسماتوسیتها شد. در مقابل، تنش سرما، سبب کاهش 

پروهموسیتها، گرانولوسیتها، پلاسماتوسیتها و تعداد کل سلولها در مقایسه با شاهد شد. به علاوه، تنش دما سبب 

و گرانولوسیت ها بارزترین تغییرات را تحت تنش گرمایی نشان می  پلاسماتوسیت هاتغییر شکل هموسیتها شد. 

درجه سلسیوس. استرس سرما،  ٣٥دهند، از جمله پارگی دیواره سلولی و از بین رفتن محتویات سلولی در دمای 

 تأثیر بیشتری بر انقباض پروهموسیت ها در مقایسه با سایر سلولها داشت. تنش دما همچنین به طور قابل توجهی

بر ویژگی های رشدی مگس میوه تأثیر گذاشت. استرس گرمایی طول دوره شفیره و نرخ ظهور حشرات کامل 

تری بر نرخ تولد تأثیر داشت. این مطالعه نشان دهنده  را کاهش داد، در حالی که استرس سرما به طور برجسته

تغییرات دما است که پایه ای برای به  D. ciliatusایمنی شناسایی اولیه هموسیت ها و تجزیه و تحلیل پاسخ 

 تحقیقات بیشتر در مورد مکانیسم های دفاع فیزیولوژیکی این آفت فراهم می کند.




