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Abstract 
Introduction: This study investigated the development-related phenotypes (percent pharate larvae, PPL; hatch rates, HRs; and reproductive 
outputs, ROs) of Aedes albopictus F1 eggs; with parental eggs collected from selected highland and lowland sites of the major islands in the 
Philippines (Luzon, Visayas, and Mindanao) in 2018–2020.  
Methodology: Field-trapped parental Aedes eggs were reared and coupled. Ae. albopictus F1 eggs were separately placed inside environmental 
chambers (18 °C, 25 °C, and 38 °C) for 6 weeks. PPL, HRs, and ROs were determined.  
Results: Temperature had significant effects on PPL and ROs of F1 eggs of wet season-collected Ae. albopictus; and on PPL, HRs, and ROs 
of F1 eggs of dry season-collected samples. Temperature had significant effects on PPL, HRs, and ROs across all sites. No seasonal differences 
were found for PPL, HRs, and ROs. The means of PPL (14.01%) and HR (10.18%) were the highest at 25 °C and lowest at 38 °C (0.64% and 
0.00%, respectively); mean RO (2.5) was highest at 18 °C. Pharate larvae of Ae. albopictus at 38 °C were first reported. PPL, HRs, and ROs 
were similar between highlands and lowlands in Visayas and Mindanao. 
Conclusions: Temperature influences the development-related phenotypes of Ae. albopictus. F1 eggs can withstand extreme temperatures, 
hence are public health threats amidst global warming. Both Ae. albopictus and Ae. aegypti should be included in all-year round vector control 
strategies against Aedes-borne diseases in the tropics. It is recommended to install water pipelines in the rural mountains to prevent mosquito 
breeding sites. 
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Introduction 

Aedes albopictus (Skuse) is an invasive species in 
the temperate regions, and is the secondary dengue 
vector in the Philippines that transmits chikungunya 
(CHIKV), yellow fever, and Zika viruses (ZIKV) [1]. 
Ae. albopictus is an outdoor diurnal feeder with 
multiple host preferences including humans [2], 
particularly in rural areas with dense vegetation [3], 
though limited natural breeding sites allow it to 
colonize artificial containers in urban areas [4]. Ae. 
albopictus originated in Southeast Asia and has 
expanded its geographical range to the temperate 
regions, where it is physiologically challenged [4] 
owing to human activity and climate change [5]. 
Moreover, Ae. albopictus can survive better in 
temperate climates than Ae. aegypti [6]. Likewise, 
tropical, subtropical, and temperate strains of Ae. 
albopictus can survive for 2, 10, and 20 days, 
respectively, when exposed to – 10 °C; however, all 

these strains survive for 30 days at – 5 °C [7]. 
Meanwhile, few Ae. aegypti responded positively with 
their development-related phenotypes at 38 °C under 
laboratory conditions [8]. Inbreeding coefficients of Ae. 
aegypti that vary seasonally and their loci indicated that 
selection is impacted by relative humidity (RH) in the 
Philippines [9]. Mosquito survival, dispersion, and 
transmission rates of dengue viruses (DENVs) are 
greatly influenced by climate change [10]. Outbreaks in 
dengue illness escalated in temperate areas such as in 
Madeira, Portugal in 2012 [11], and in Tokyo, Japan in 
2014 [12]. In the Philippines, there were 195,603 
suspected dengue cases, 657 deaths, and 0.34% case 
fatality rate in 2023 [13]. In addition, there were 2,928 
chikungunya cases with 0 death between 1 January to 2 
December 2023 [14]; and 57 Zika cases with 0 death as 
of 2 February 2017 [15]. The medical costs of dengue 
alone were estimated to be US $345 million using an 
expansion factor model [16] and at US $158.9 million 
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using a dynamic transmission model [17]. Ae. 
albopictus’ efficient adaptive behavior to colder regions 
enables them to further expand their distribution and 
contribute highly to arboviral transmission [1,18]; 
hence immediate public health actions are needed. 

Certain mosquito species adopt egg dormancy when 
challenged with unfavorable environmental conditions 
[19]. Diapause is a genetically programmed and 
neurohormone-mediated mechanism that allows the 
survival of Ae. albopictus amidst harsh conditions, 
which cannot be easily terminated by environmental 
factors unless the process has ended [20]. When a 
female Ae. albopictus in the temperate regions 
experiences short day lengths, it sends signals to its 
oocytes to prepare for diapause, and the process is 
highly dependent on photoperiod. Greater seasonal 
changes in day lengths are observed within 10° of the 
Equator, and the physiological reaction of mosquitoes 
to the length of night or a dark period has been shown 
in several insect species [21]. The temporal occurrence 
of diapause depends on the geographic location of 
mosquito populations. The critical photoperiod (CPP) 
for Ae. albopictus increases with higher latitude, such 
as in Japan and North America, owing to direct 

exposure to light [22]; a 0.5 hour increase in CPP per 5° 
increase in latitude [23]. Quiescence, on the other hand, 
is an irregular type of dormancy, which slows down 
metabolic activity of Ae. aegypti pharate larvae and 
heavily relies on environmental cues [24]. 

Numerous vector and disease control strategies 
have already been undertaken to address dengue 
incidence; however, these efforts only partially reduce 
and hinder the transmission. Edillo et al. reported that 
the temperature and latitude of Luzon, Visayas, and 
Mindanao, the major islands of the Philippines, play an 
important role on the development-related phenotypes 
of Ae. aegypti in wet and dry seasons [8]. Thus, 
extending this study to Ae. albopictus, the secondary 
dengue vector in the country, during a different study 
period, and different subsites with dense vegetation 
covers that this species prefers for breeding, is 
important to understand its biological and ecological 
survival mechanism. The results of this study may 
provide valuable insights on the predictions and 
prevention of chikungunya, dengue, and Zika 
outbreaks. To understand the underlying molecular 
mechanism, it is also crucial to understand the functions 
of genes that regulate its adaptations to the changing 

Figure 1. The study sites in Luzon (Baguio and Quezon cities), Visayas (Cebu city mountains and Liloan, Cebu), and 
Mindanao (Maramag, Bukidnon and Cagayan de Oro (CDO) city). 
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climate [19]. The hypothesis in this study was that Ae. 
albopictus can undergo egg dormancy as its adaptive 
mechanism to climate change. Hence, this work 
investigated the hatching rate and viability of Ae. 
albopictus F1 eggs from selected highland and lowland 
sites in the major islands of the Philippines after 
separate laboratory exposure to temperature regimes. 

 
Methodology 
Study sites 

Sites with dense vegetation cover in each of the 
major islands (Luzon, Visayas, and Mindanao; Figure 
1) were selected according to: 1) elevation (lowlands 
with < 100 meters above sea level [m ASL]; highlands 
with > 300 m ASL), 2) varying coordinates of the major 
islands (Table 1), 3) dengue occurrence, and 4) biotype 
similarity derived from modified Corona’s climate 
classification [25]. Highland sites in Luzon, Visayas, 
and Mindanao included Baguio city; mountainous 
barangays (i.e., smallest government units) in Cebu 
city; and Maramag, Bukidnon; respectively; whereas 
lowland sites covered Quezon city; Liloan, Cebu; and 
Cagayan de Oro (CDO) city, respectively (Figure 1). 
Table 1 shows that the study sites varied in their 
coordinates, in which Luzon was located at 14.39°N 
latitude and 121°E longitude, Visayas was located at 
10.22°N latitude and 124°E longitude, and Mindanao 
was located at 7 °N latitude and 125 °E longitude. The 
longitude coordinates of these major islands 
represented light intensity although measuring the latter 
was beyond the scope of this study. Adult Aedes can fly 
as far as 400 m [26]; thus, each site had two subsites 
that were 500 m or more away from one another. Table 
1 shows the different subsites within each site because 
of the species’ preferred breeding in areas with dense 

vegetation, in reference to previous work [8] conducted 
for Ae. aegypti except for the two subsites in Cebu city 
mountains.  

Meteorological data such as monthly temperatures 
and mean monthly rainfall (Figure 2) were obtained 
from the Philippines Atmospheric, Geophysical, and 
Astronomical Services Administration (PAGASA) 
through the Philippines Freedom of Information and 
World Weather online portal [27] for Liloan, Cebu; 

Table 1. The study sites and subsites in the Philippines for parental egg collections of Ae. Albopictus, along with the sample size of F1 egg 
cohorts. 
Sites Codes: subsites Coordinates Elevation (m ASL*) Sample Size (F1) 
Luzon     
Baguio city S1: Sta. Scholastica N 16°23.990’; E 120°36.207’ 1,391 3 
 S2: Country Club N 16°24.405’; E 120°37.004’ 1,473 2 
 S3: Wright Park N 16°24.965’; E 120°37.104’ 1,503 0 
 S4: Leonard’s wood N 16°41.222’; E 120°60.806’ 1,437 0 
Quezon city S1: Arboretum, UPDα N 14°39.064’; E 121°04.189’ 68 33 
 S2: Albert Hall, UPD N 14°39.170’; E 121°03.777’ 74 33 
Visayas     
Cebu city mountains S1: Taptap N 10°25.439’; E 123°49.904’ 540 25 
 S2: Babag 2 N 10°22.384’; E 123°50.735’ 344 33 
Liloan, Cebu S1: Suso, Catarman N 10°22.428’; E 124°00.429’ 19 18 
 S2: Sta. Cruz N 10°24.302’; E 123°58.002’ 85 29 
Mindanao     
Maramag, Bukidnon S1: Market, CMUβ N 07°51.151’; E 125°02.931’ 324 15 
 S2: Forestry, CMU N 07°51.732’; E 125°02.757’ 372 31 
Cagayan de Oro city S1: Tablon N 08°28.601’; E 124°43.906’ 23 31 
 S2: Nestle, Tablon N 08°28.654’; E 124°43.602’ 20 33 
*Meters above sea level; α University of the Philippines – Diliman, Quezon city; β Central Mindanao University, Maramag, Bukidnon. 

Figure 2. Monthly temperatures (minimum and maximum, °C) and 
monthly rainfall (mm) of Baguio and Quezon cities (A); Cebu city 
mountains and Liloan, Cebu (B); Bukidnon and Cagayan de Oro 
(CDO)city (C) from June 2018 until February 2020. 
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although humidity data was not included in this study. 
Figure 2 shows that Luzon sites had monthly 
temperatures between 19.9 °C and 27.5 °C, Visayas 
sites between 25.5°C and 30.8°C, and Mindanao sites 
between 21.4°C and 31.5°C. Moreover, Luzon sites had 
mean monthly rainfall of 342.5 mm, Visayas sites had 
121.4 mm, and Mindanao sites had 131.2 mm.  

 
Mosquito egg collections 

Aedes eggs were collected twice a month following 
the method by Edillo et al. [8], but in different sampling 
periods spanning the wet season (June 2018 to February 
2020) and dry season (March to May 2019). Parental 
eggs were sampled using water-filled black plastic 
ovitraps (Department of Science and Technology, 
Manila, Philippines) with wooden paddles wrapped 
with filter paper as an oviposition material for Aedes 
eggs by mother mosquitoes. Ovitraps (30–40 pieces) 
were put randomly under dense vegetation covers in 
each sub site. Daily inspection for Aedes eggs on the 
filter paper, hence, called “egg paper”, was done. The 
egg papers were immediately collected after 3–5 days, 
or until there were enough eggs, to prevent the eggs 
from hatching, and then air-dried before putting inside 
a plastic cup, sealed, and stored in a dark place. The egg 
papers were then shipped with consent from the 
Philippine Bureau of Quarantine, Cebu city. 

 
Breeding of Ae. albopictus for F1 egg cohort 
collections 

The method described by Edillo et al. for F1 egg 
cohort collections was followed but with some 
modifications [8]. Briefly, Aedes eggs sampled from the 
study sites were brought inside the insectary of the 
Mosquito Research Laboratory – University of San 
Carlos Talamban campus (MRL-USCTC), Cebu city 
under controlled environment conditions of 23–25 °C 

temperature, 75–80% RH, and 12 hour light and 12 hour 
dark (12L:12D) photoperiod. These eggs were hatched 
using 10% ascorbic acid solution to hasten egg 
hatching. The larvae were transferred into fine-mesh 
cloth-covered plastic cups containing distilled water 
(DW) after 3 days. Egg papers with unhatched eggs 
were air dried and submerged again in ascorbic acid 
hatching solution, with several dry-wet cycles done 
until no more viable eggs were observed. The larvae 
were fed with refined fish food (Sakura; All Aquariums 
Co., Ltd. Bangkok, Thailand) every day until adult 
emergence. Adult Aedes were classified based on sex 
and species [28] and were coupled by subsite. Only Ae. 
albopictus adults were transferred to individual plastic 
cups. Each Ae. albopictus couple was placed in fine-
mesh cloth covered plastic cup (base radius = 4.5 cm, 
height = 10 cm, mouth radius = 5 cm) with a filter paper 
at its base. Adult mosquitoes were flushed twice daily 
with 10% sucrose solution wet in cotton balls that were 
put on top of the mesh cloth and were given a 5-day 
mating window. Females that were unfed for 6–8 hours 
were later flushed with chicken blood anti-coagulated 
with ethylendiaminetetraacetic acid (EDTA). The blood 
meal was placed on the outside bottom depression of a 
plastic bottle covered with parafilm, filled with 
lukewarm water to simulate the human body 
temperature, and was placed in an upright position, on 
top of the mesh cloth-covered plastic cup for blood-
feeding of females. Then, the wet filter paper at the base 
of the plastic cup served as the egg laying material. 
After enough eggs were laid, each egg paper with ~30 
morphologically viable F1 eggs was air-dried and kept 
inside a parafilm-sealed plastic cup inside a dark 
cabinet for 1.75–2 months. 

 
Experimental design for the collected Ae. albopictus 

F1 egg papers of Ae. albopictus from different 
subsites (Table 1) were placed individually inside 
falcon tubes and exposed separately in environmental 
chambers (Bio-Integrated Philippines Inc., Manila, 
Philippines) set at 18 °C, 25 °C (control), and 38 °C 
under 12L:12D photoperiod (225–745 lx) and 65–75% 
RH for 6 weeks [29]. Temperature regimes and 
photoperiod were based on the readings of PAGASA in 
the sampling months of 2018–2019. The environmental 
chambers were monitored twice daily to maintain the 
regulated conditions throughout the experimental 
period. Randomly selected egg papers were subjected 
to experimental treatment under separate temperature 
regimes following complete randomized design (Figure 
3). 

Figure 3. Summary of the randomized experimental setup for wet 
(2018-2020) and dry (2019) season-collected Ae. albopictus F1 egg 
papers. Details of the study sub-sites are listed in Table 1. 
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Based on the G*Power sample size software [30], 
Ae. albopictus F1 egg cohorts per major island included 
84 (i.e., 21 egg papers per site with ~7 egg cohorts per 
sub-site per temperature) for wet season and 48 (i.e., 12 
egg papers per site with ~4 egg cohorts per sub-site per 
temperature) for dry season. The sample size provided 
a statistical power of at least 80% to detect significant 
differences among the development-related phenotypes 
with 2 types of elevations (lowland and highland), 3 
major islands, 2 sub-sites from each type of elevation 
per major island (Table 1), and 3 temperature regimes. 

After 6 weeks, F1 egg cohorts of Ae. albopictus in 
their respective chambers were submerged with 10% 
ascorbic acid solution for 3 days to remove oxygen from 
water and spare egg diapause. These F1 egg cohorts 
were then subjected with 50% sodium hypochlorite 
(NaOCl) solution at room temperature to remove the 
egg chorion’s coloration [31]. Pharate larvae or 
unhatched embryonated eggs and unhatched 
unembryonated eggs were counted and examined [32–
33] using a light microscope. Important morphological 
characteristics of pharate larvae that completed 
embryogenesis include ocelli, egg burster, and 
abdominal segments [29]. Phenotypic adaptations were 
measured by percent pharate larvae (PPL), reproductive 
output (RO) (i.e., the number of egg papers with 
hatched larvae), and hatching rate (HR) calculated 
using the equation below [33]: 

𝐻𝐻𝐻𝐻 = 𝐻𝐻𝐻𝐻
(𝑒𝑒𝑒𝑒𝑒𝑒+𝐻𝐻𝐻𝐻)

 𝑥𝑥 100    (1) 

 
where: HE = hatched eggs; eHE = embryonated 
unhatched eggs. 
 
Statistical analyses 

Normality distributions for all data sets (wet season 
of 2018–2020, dry season of 2019, and across seasons) 
were determined using Kolmogorov-Smirnov and 
Shapiro-Wilk tests (SSPS v 21; IBM Corporation, NY, 
USA). Data sets of the wet season 2018–2020 
(Supplementary Table 1) and dry season 2019 

(Supplementary Table 2) showed normal distributions 
and were subjected to multivariate analysis of variance 
(MANOVA) to determine whether independent 
variables (i.e., temperature and major islands) had main 
or interaction effects on PPL, HR, and RO. Combined 
seasonal data set (Supplementary Table 3) showed a 
non-normal distribution, and hence, was subjected to 
nonparametric tests such as Mann-Whitney (i.e., to 
compare 2 independent groups) and Kruskal-Wallis 
(i.e., to compare 3 or more independent groups) to 
determine significant differences among the PPL, HRs, 
and ROs within and across the major islands of the 
Philippines (Luzon, Visayas, and Mindanao) as affected 
by elevation (highland and lowland), temperature (18 
°C, 25 °C, and 38 °C), and season (wet and dry).  

 
Results 
Wet season (2018–2020)-collected Ae. albopictus 

Descriptive statistical results of the wet season data 
set showed that PPL, HRs, and ROs of Ae. albopictus 

Table 2. Descriptive statistics of percent pharate larvae (PPL), hatch rates (HRs), and reproductive outputs (ROs) of F1 Ae. albopictus for wet 
season (2018–2020) by the major islands of the Philippines and temperature. 

Major islands Temperature (°C) PPL (%) HRs (%) ROs 
Mean SD Mean SD Mean SD 

Luzon 
18 23.71 26.69 0.93 1.85 0.25 0.50 
25 19.21 22.21 0.33 0.65 0.25 0.50 
38 1.31 2.61 0.00 0.00 0.00 0.00 

Visayas 
18 23.46 19.54 6.30 5.61 2.00 1.83 
25 26.54 10.65 4.23 4.88 0.75 0.96 
38 0.00 0.00 0.00 0.00 0.00 0.00 

Mindanao 
18 16.76 15.35 5.24 8.13 1.00 1.15 
25 32.82 35.86 24.70 39.62 1.00 0.82 
38 0.42 0.85 0.00 0.00 0.00 0.00 

 

Figure 4. Morphology of pharate larvae of Aedes albopictus 
(dorsal view) obtained from this study showing body regions, 
namely, the head (H), thorax (T), abdominal segments (AS), 
respiratory siphon (RS), ocelli (Oc), and egg burster (EB). 
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were lowest at 38 °C across all the major islands of the 
Philippines (Table 2). Pharate larvae (Figure 4) exposed 
at 38 °C were observed only in Luzon and Mindanao 
(Table 2). MANOVA results (Table 3) using Pillai’s 
trace (observed power of 0.964) revealed significant (p 
< 0.01) main effect of temperature on PPL and ROs 
during the wet season. PPL and ROs differed 
significantly (p < 0.05) across the three temperature 
regimes but not with HRs. Tukey’s test revealed that 
PPL and ROs were similar between 18 °C and 25 °C but 
were lowest (p < 0.05) at 38 °C, suggesting high egg 
mortality at higher temperature. However, both the 
main effect of the major islands and interaction effects 
between major islands and temperature on PPL, HRs, 
and ROs were insignificant (p > 0.05). 

 
Dry season (2019)-collected Ae. albopictus  

Table 4 summarizes the descriptive statistical 
results from the data set of the dry season (2019) 
samples of Ae. albopictus, which were comparable with 
the wet season (2018–2020). PPL, HRs, and ROs of dry 
season-collected samples were lowest at 38 °C, and 

higher at 18 °C and 25 °C (Table 4). Pharate larvae 
exposed to 38 °C were only observed in Luzon and 
Mindanao samples. MANOVA results (Table 5) using 
Roy’s largest root (observed power of 0.891) revealed 
that temperature had main effects (p < 0.001) on PPL (p 
< 0.001), HRs (p < 0.05), and ROs (p < 0.01) of dry 
season-collected Ae. albopictus but insignificant (p > 
0.05) in both the main effect of the major islands, and 
interaction effect between temperature and major 
island. PPL and ROs were similar between 18 °C and 
25 °C but were significantly lowest at 38 °C (p < 0.01) 
by Tukey’s test. HRs were comparable between 18 °C 
and 25 °C, and between 18 °C and 38 °C, but differed 
(p < 0.05) between 25 °C and 38 °C. Based on Tukey’s 
test, HRs of F1 eggs of Ae. albopictus from Luzon and 
Visayas were similar between 18 °C and 38 °C, and 
were much lower than those exposed at 25 °C. HRs 
differed (p < 0.05) between 25 °C and 38 °C because no 
eggs across major islands hatched when exposed at 38 
°C, while HRs of F1 eggs of Ae. albopictus from Luzon 
and Visayas were highest at 25 °C. 

 

Table 3. Results of MANOVA on the main and interaction effects of the major islands of the Philippines and temperature on pharate larvae 
(PPL), hatch rates (HRs), and reproductive outputs (ROs) of F1 Ae. albopictus for wet season (2018—2020). 
Source df PPL HRs ROs 

F p value F p value F p value 
Model 9 4.39 0.001 1.64 0.153 3.96 0.003 
Major island 2 0.04 0.959 1.52 0.237 2.33 0.116 
Temperature 2 6.18 0.016 1.53 0.236 4.78 0.017 
Major island * temperature 4 0.33 0.857 1.15 0.356 1.28 0.303 
Error 27       
Total 36       

 

Table 4. Descriptive statistics of pharate larvae (PPL), hatch rates (HRs), and reproductive outputs (ROs) of F1 Ae. albopictus for dry season 
(2019) by the major islands of the Philippines and temperatures. 

Major Islands Temperature (°C) PPL (%) HRs (%) ROs 
Mean SD Mean SD Mean SD 

Luzon 
18 13.55 15.72 4.33 8.66 0.25 0.50 
25 11.35 13.16 9.98 18.08 1.00 1.15 
38 0.11 0.22 0.00 0.00 0.00 0.00 

Visayas 
18 16.58 3.37 8.77 6.66 1.50 1.29 
25 33.42 10.13 12.94 14.12 1.25 0.96 
38 0.00 0.00 0.00 0.00 0.00 0.00 

Mindanao 
18 17.31 5.69 18.40 17.27 2.50 1.29 
25 30.02 15.49 13.73 17.21 1.75 1.71 
38 2.68 5.35 0.00 0.00 0.00 0.00 

 
 
 
 
Table 5. Results of MANOVA on the main and interaction effects of the major islands of the Philippines and temperatures on pharate larvae 
(PPL), hatch rates (HRs), and reproductive outputs (ROs) of F1 Ae. albopictus for dry season (2019). 
Source df PPL HRs ROs 

F p value F p value F p value 
Model 9 13.95 0.000 2.87 0.016 6.49 0.000 
Temperature 2 18.98 0.000 3.81 0.035 7.80 0.002 
Major Island 2 2.99 0.067 0.78 0.470 3.09 0.062 
Temperature * Major island 4 1.68 0.183 0.42 0.793 1.37 0.270 
Error 27       
Total 36       
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Seasonal differences in phenotypic adaptation of Ae. 
albopictus 

Mann-Whitney statistical test results (Table 6) 
showed insignificant differences (p > 0.05) among the 
PPL, HRs, and ROs of Ae. albopictus between the two 
seasons, although temperature still played an important 
role in both seasons, as shown in the individual 
statistical analysis for wet and dry season data sets.  

 
Combined data of wet- and dry season-collected Ae. 
albopictus: descriptive statistics for both wet (2018–
2020) and dry seasons (2019) 

Table 7 shows that mean PPL (14.01 ± 9.39) and 
mean HR (10.18 ± 15.12) of Ae. albopictus were 
greatest at 25 °C and least at 38 °C (0.64 ± 1.30 and 
0.00, respectively) across the major islands. Mean RO 
(2.50 ± 2.32) peaked at 18 °C and was zero at 38 °C. 
Within the Philippines major islands, mean HR was 
greatest at 25 °C for Luzon (5.54 ± 6.68) and Mindanao 
(17.34 ± 24.79), but highest at 18 °C for Visayas (7.75 
± 5.20). Mean RO was highest at 18 °C for Visayas 
(3.50 ± 2.52) and Mindanao (3.50 ± 2.08), but highest 
at 25 °C for Luzon (1.25 ± 1.50) (Table 7). PPL were 
highest at 25 °C for samples from Luzon (13.57 ± 

15.81), Visayas (14.35 ± 5.38), and Mindanao (14.12 ± 
6.62). Fewer pharate larvae were observed in lowland 
sites in Luzon and Mindanao. Pharate larvae were 
observed at 38 °C; incomplete embryonated eggs were 
observed prevalently at 38 °C.  

 
Within Visayas and Mindanao data analyses 

Apparently, Ae. albopictus might not be 
successfully adapted in Baguio city with the highest 
elevation of 1,391–1,503 m ASL (Table 1), as 
evidenced by a very few or no samples obtained during 
the wet and dry seasons of 2018–2020, respectively, 
even after increasing the number of subsites and 
sampling efforts. Hence, further statistical analyses 
excluded Luzon. Table 8 shows that the Mann-Whitney 
statistical analysis revealed that insignificant 
differences (p > 0.05) were observed among combined 
PPL, HRs, and ROs between highland and lowland sites 
in Visayas and Mindanao. However, mean PPL (8.39 ± 
8.59) and mean HR (9.26 ± 15.79) in highland sites 
were slightly higher than those from lowland sites 
(mean PPL = 8.27 ± 6.72; mean HR = 6.14 ± 8.36) in 
Visayas and Mindanao, whereas mean ROs (2.00 ± 
2.37) in lowland sites were slightly higher than in 

Table 7. Descriptive statistics of pharate larvae (PPL), hatch rates (HRs), and reproductive outputs (ROs) of F1 Ae. albopictus for combined 
data sets (wet and dry seasons) by the major islands of the Philippines and temperatures. 

Major Islands Temperature (°C) PPL (%) HRs (%) ROs 
Mean SD Mean SD Mean SD 

Luzon 
18 10.49 12.60 2.16 4.33 0.50 1.00 
25 13.57 15.81 5.54 6.68 1.25 1.50 
38 0.95 1.69 0.00 0.00 0.00 0.00 

Visayas 
18 10.65 6.33 7.75 5.20 3.50 2.52 
25 14.35 5.38 7.65 8.55 2.00 1.83 
38 0.00 0.00 0.00 0.00 0.00 0.00 

Mindanao 
18 9.92 7.26 13.47 12.19 3.50 2.08 
25 14.12 6.62 17.34 24.79 2.75 2.50 
38 0.97 1.58 0.00 0.00 0.00 0.00 

Philippines 
(Combined) 

18 10.35 8.29 7.79 8.73 2.50 2.32 
25 14.01 9.39 10.18 15.12 2.00 1.91 
38 0.64 1.30 0.00 0.00 0.00 0.00 

 
 
 
Table 8. Results of Mann-Whitney statistical test showing no significant difference in pharate larvae (PPL), hatch rates (HR), and reproductive 
outputs (ROs) of F1 Ae. albopictus between highland and lowland sites of Visayas and Mindanao. 
Statistics PPL HR RO 
Mann-Whitney U 69.00 67.00 69.50 
Wilcoxon W 147.00 145.00 147.50 
Z – 0.18 – 0.30 – 0.15 
Asymptotic Significance (2-tailed) 0.86 0.76 0.88 

 

Table 6. Results of Mann-Whitney statistical test showing no significant seasonal differences in pharate larvae (PPL), hatch rates (HR), and 
reproductive outputs (ROs) of F1 Ae. albopictus across the major islands of the Philippines. 
Statistics PPL HR RO 
Mann-Whitney U 641.000 548.000 557.000 
Wilcoxon W 1307.000 1214.000 1223.000 
Z – 0.082 – 1.282 – 1.172 
Asymptotic Significance (2-tailed) 0.935 0.200 0.241 

 



Edillo et al. – Temperature affects Aedes albopictus development J Infect Dev Ctries 2026; 20(2):183-194. 
 

190 

highland sites (1.92 ± 2.15). Furthermore, Table 9 
shows the Mann-Whitney test results, in which PPL, 
HRs, and ROs were similar between highland and 
lowland sites in Visayas and Mindanao at each 
temperature regime. In addition, residents in the rural 
mountains did not have water pipelines installed in their 
houses. They stored water in drums and containers for 
household usage that may have served as breeding sites 
for dengue mosquitoes. 

 
Across the major islands of the Philippines 

Kruskal-Wallis test results (Table 10) revealed that 
temperature impacted (p < 0.01) the PPL, HRs, and ROs 
of Ae. albopictus across all sites in the Philippines, 
implying that survival and proliferation of this 
mosquito species were highly influenced by 
temperature. 

 
Discussion 

This study extended our previous work on Ae. 
aegypti [8], but during a different study period and 
mostly different sub sites with dense vegetation covers 
(Table 1), to investigate the impacts of temperature, 
elevation, major island, and season on the viability and 
hatching rate of Ae. albopictus in the Philippines. The 
findings of this work are very relevant because of the 
arboviral vectorial capacity of Ae. albopictus. Edillo et 
al. [1] reported the silent co-circulation of CHIKV, 
DENVs, and ZIKV in Ae. albopictus from selected sites 
in Cebu city, Philippines, even if the country has not 
experienced Zika outbreak thus far, unlike in 
neighboring Asian countries [34] such as India, 
Thailand, and Vietnam. 

There are three major findings of this study. First, 

temperature played significant main effects on two 
development-related phenotypes (PPL and ROs), but 
not HRs of Ae. albopictus during the wet season (2018–
2020), and on all the 3 phenotypes during the dry season 
(2019). These results were consistent with a previous 
study on Ae. aegypti in the Philippines, where 
temperature had significant main effects on these 
development-related phenotypes in both seasons [8]. 
Moreover, PPL and ROs of Ae. albopictus in the current 
study were similar between 18 °C and 25 °C, but were 
significantly lower at 38 °C in both seasons; whereas 
HRs differed significantly between 25 °C and 38 °C for 
dry season-collected samples. These results partly 
coincided with that of Delatte et al. who reported that 
Ae. albopictus fully develops at a temperature range 
from 15 °C to 35 °C, both sexes survive longer at lower 
temperature, and lower developmental zero temperature 
is at 10.4 °C with 29.7 °C as optimum [35]. However, 
the current study showed that a few F1 pharate larvae 
of Ae. albopictus were observed at 38 °C; the first 
report, thus far, implying that the species might have 
gradually adapted to survive in the higher temperatures 
that are a consequence of global warming. Most F1 eggs 
exposed at 38 °C did not complete embryogenesis and 
did not hatch. Consistently, Dickerson (2007) reported 
that 32 °C and 35 °C have a negative effect on the HRs 
of Ae. albopictus [29]. Monteiro et al. (2007) showed 
that at 35 °C, Ae. albopictus has very low HR, no adult 
emergence, lower larval development, and that 35 °C 
may be its limiting temperature for larval development 
[36]. This species develops and survives at a wider 
temperature range than Ae. aegypti, and can grow 
completely between 15 °C and 35 °C [6], with a 
minimum threshold for development at 10.4 °C [35]. 

Table 9. Results of the Mann-Whitney test showing no significant differences in pharate larvae (PPL), hatch rates (HRs), and reproductive 
outputs (ROs) of F1 Ae. albopictus between highland and lowland sites in Visayas and Mindanao at different temperature regimes. 

Temperature (°C) Statistics PPL HR RO 

18 

Mann-Whitney U 7.000 7.000 5.000 
Wilcoxon W 17.000 17.000 15.000 
Z – 0.289 – 0.289 – 0.893 
Asymptotic Significance (2-tailed) 0.773 0.773 0.372 

25 

Mann-Whitney U 6.000 7.500 6.500 
Wilcoxon W 16.000 17.500 16.500 
Z – 0.577 – 0.145 – 0.438 
Asymptotic Significance (2-tailed) 0.564 0.885 0.661 

38 

Mann-Whitney U 4.000 8.000 8.000 
Wilcoxon W 14.000 18.000 18.000 
Z – 1.512 0.000 0.000 
Asymptotic Significance (2-tailed) 0.131 1.000 1.000 

 

Table 10. Kruskal-Wallis test results showing significant differences in the pharate larvae (PPL), hatch rates (HRs), and reproductive outputs 
(ROs) of F1 Ae. albopictus across the major islands of the Philippine as grouped by temperature. Significant p-values are underlined. 
Statistics PPL HR RO 
Chi square 16.398 12.567 12.743 
df 2 2 2 
Asymptotic Significance 0.000 0.002 0.002 
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Ae. albopictus is more favorable at 30 °C in both the 
percentage of individuals that fully develops and 
development time (i.e., up to adult emergence) [37]. Its 
tolerance to cold depends on its region of origin; the 
strains adapted to North American and colder Asian 
conditions survive more than the tropical strains [38]. 
The latter can hatch at a very low temperature of – 10 
°C [39]; the temperature threshold for larval 
development is ~ 9 °C [40]. Furthermore, summer air 
does not affect that much on Ae. albopictus owing to 
their exophagic nature [41], hence, current results had 
similar significant main effects of temperature on both 
PPL and ROs for samples collected in both dry and wet 
seasons. Little perturbations within the normal thermal 
range of Ae. albopictus has a stronger effect on 
individuals but a meager effect under stressful 
conditions (i.e., during dry season) [42]. 

Second, PPL, HRs, and ROs of Ae. albopictus did 
not significantly differ between wet (2018–2020) and 
dry (2019) seasons, although temperature still played an 
important role in both seasons. Seasonality of Ae. 
albopictus has been known to be governed by climatic 
factors such as temperature fluctuations [43], with a 
one-month lag in its seasonality compared to mean 
temperature fluctuations [44]. Although, Ryan et al. 
(2019) predicted that the climate suitability of Ae. 
albopictus under severe climate change is reduced for 
southeast Asia [45], a global shift towards seasonal risk 
is expected for Ae. albopictus across regions. Rainfall 
has a larger effect on Ae. albopictus [44], whereas the 
combined effects of temperature and rainfall greatly 
influence vector indices of both Ae. aegypti and Ae. 
albopictus, more so than RH [45]. The combined results 
of the wet and dry seasons of the current study were 
consistent with previous studies [46–47], in which 
thermal stress causes protein denaturation, disruption of 
cellular processes, dehydration, and affects oxygen 
supply that leads to a halt in development and death of 
pharate larvae. Dickerson (2007) showed a significant 
decrease in HRs of Ae. albopictus collected from Texas, 
USA at 15 °C from 21 °C [29]. Subtropical Ae. 
albopictus can also oviposit eggs that do not enter 
diapause [48]. Length of the gonotrophic cycles of 
mosquitoes, in general, is shorter in higher temperature 
that increases the reproductive capacity [49] and biting 
frequency [50] of female mosquitoes. Ae. albopictus 
shows the shortest gonotrophic cycle at 30 °C for 3.5 
days with 3.9 cycles as the highest number [51]; 
however, it lays apparently similar number of eggs per 
gonotrophic cycle at 20 °C, 25 °C, 30 °C, and 35 °C 
[35].  

Third, the current results suggest that elevation and 

temperature did not have differential effects on 
development-related phenotypes of Ae. albopictus 
within Visayas and Mindanao highland and lowland 
sites. Also, there was the lack of significant main effect 
of the Philippines major islands with latitudinal 
differences on HRs and ROs of Ae. albopictus; contrary 
to that of Tsunoda et al., who reported that day length 
affects egg hatching under milder tropical conditions 
[52]. The results within Visayas and Mindanao sites 
suggest that Ae. albopictus might have gradually 
adapted in finding the balance between existing and 
thriving as they colonized areas of higher elevation 
(324–540 m ASL) (Table 1), although not yet in Baguio 
city with the highest elevation (1,391–1,503 m ASL) 
among the study sites. Ae. albopictus in the tropical 
islands of La Réunion and Mauritius are abundant up to 
800 m ASL and are present only up to 1,200 m ASL 
[53], and in Thailand forested areas between 450 and 
1,800 m ASL [54]. Moreover, this species has a 
narrower distributional potential in the tropics and 
subtropics than Ae. aegypti [55]; it has an inverse 
relationship between its presence and elevation [56]. In 
areas where both mosquito species co-occur, 
temperature, precipitation [57], breeding site 
heterogeneity [48], and interspecific competition within 
a breeding site [3] influence their spatial and temporal 
abundance patterns. Interestingly, the elevation (Table 
1) and temperature (Figure 2B-C) in Visayas and 
Mindanao sites were similar and that might also explain 
the similar effects of elevation and temperature within 
these sites. Temperature decreases as elevation 
increases, with temperature theoretically decreasing by 
9.8 °C for every 1,000 m ASL; however, due to the 
presence of water vapor, observed drop in the 
environment only occurs by 6.5 °C for every 1,000 m 
ASL in most cases [58]. Increased elevation lowers 
environmental temperature, but warming climate has 
been shown to amplify in the mountains around the 
world [59]. Mosquito invasion in higher elevation can 
be exacerbated by warming global temperature. Neteler 
et al. predicted that Ae. albopictus will continue to 
spread to the highlands in an increasing temperature 
scenario in the coming years [60]. This implies that with 
increasing atmospheric temperature caused by global 
warming, both Philippines highlands and lowlands are 
at risk of arboviral-mosquito borne outbreaks. 

Studies [9,45] supported the global and local 
geographic expansion of both dengue mosquito vectors 
owing to climate change and related human activities, 
evident from mosquito movement from regions of 
lower latitudes and elevations to higher latitudes and 
elevations. In this study, temperature undeniably 
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showed a great deal of influence on the phenotypic 
adaptation of Ae. albopictus eggs in both wet and dry 
seasons. This current study showed that the viability, 
survivability, and expansion of Ae. albopictus in higher 
elevations were temperature-dependent. The difference 
in mean temperature between the northernmost and 
southernmost regions of the Philippines is negligible 
(mean temperature at ~26.60 °C), suggesting that there 
is a similar annual mean temperature that falls within 
the optimal temperature ranges for viral transmissions 
of Aedes (21.3 °C – 34.0 °C for Ae. aegypti; 19.9 °C – 
29.4 °C for Ae. albopictus) [45]. This indicates that the 
Philippines is highly affected by the health and 
economic burden brought about by these mosquito 
species. The country might face new challenges in the 
future with Aedes-associated outbreaks such as Zika 
outbreak since RH and temperature influence minimum 
infection rate (MIR) of ZIKV in Ae. albopictus in the 
Philippines [1] since places with higher temperature are 
more likely to produce more mosquito adults [37].  

 
Conclusions 

Temperature, and not season, had an undeniable 
significant main effect on the phenotypic adaptation of 
F1 Ae. albopictus eggs across the major islands of the 
Philippines, with a broad temperature range for 
hatching and egg viability. The species’ phenotypic 
traits were not significantly influenced by elevation in 
Visayas and Mindanao sites, and were not yet 
successfully adapted in Baguio city, the site with the 
highest elevation. Ae. albopictus is the secondary 
dengue vector in the Philippines; but owing to global 
shifts in climatic conditions as a result of global 
warming, nationwide campaigns for vector control 
against chikungunya, dengue, and Zika illnesses should 
also include Ae. albopictus for a more holistic and 
effective all-year round approach. This study 
recommends the installation of water pipelines in 
mountainous countrysides to avoid creating ideal 
conditions for Ae. albopictus hatchery due to the need 
of water storage for household usage. The results are 
definitely relevant in the tropics and subtropics. 
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Annex – Supplementary Items 
 
Supplementary Table 1. Development-related phenotypes of Ae. albopictus from wet season 2018–2022. 

Case # Island group * Altitude ** Temperature Subsite  Sample size *** % pharate 
larvae 

Weighted 
average. % 

hatching rate 

Reproductive 
output 

1 1 1 18 1 3 60.00 0.00 0.00 
2 1 1 25 1 0 0.00 0.00 0.00 
3 1 1 38 1 0 0.00 0.00 0.00 
4 1 1 18 2 0 0.00 0.00 0.00 
5 1 1 25 2 2 40.00 0.00 0.00 
6 1 1 38 2 0 0.00 0.00 0.00 
7 1 2 18 3 7 7.96 0.00 0.00 
8 1 2 25 3 7 0.00 0.00 0.00 
9 1 2 38 3 7 0.00 0.00 0.00 
10 1 2 18 4 7 26.87 3.70 1.00 
11 1 2 25 4 7 36.82 1.30 1.00 
12 1 2 38 4 7 5.22 0.00 0.00 
13 2 1 18 5 4 15.33 3.13 1.00 
14 2 1 25 5 7 12.41 0.00 0.00 
15 2 1 38 5 2 0.00 0.00 0.00 
16 2 1 18 6 7 35.40 11.24 3.00 
17 2 1 25 6 7 36.86 8.58 2.00 
18 2 1 38 6 7 0.00 0.00 0.00 
19 2 2 18 7 0 0.00 0.00 0.00 
20 2 2 25 7 6 32.11 8.33 1.00 
21 2 2 38 7 0 0.00 0.00 0.00 
22 2 2 18 8 7 43.12 10.81 4.00 
23 2 2 25 8 7 24.77 0.00 0.00 
24 2 2 38 8 7 0.00 0.00 0.00 
25 3 1 18 9 0 0.00 0.00 0.00 
26 3 1 25 9 2 1.92 83.33 2.00 
27 3 1 38 9 1 0.00 0.00 0.00 
28 3 1 18 10 7 13.46 0.00 0.00 
29 3 1 25 10 7 84.62 0.00 0.00 
30 3 1 38 10 5 0.00 0.00 0.00 
31 3 2 18 11 7 16.46 17.14 2.00 
32 3 2 25 11 7 22.78 14.29 1.00 
33 3 2 38 11 7 0.00 0.00 0.00 
34 3 2 18 12 7 37.13 3.83 2.00 
35 3 2 25 12 7 21.94 1.19 1.00 
36 3 2 38 12 7 1.69 0.00 0.00 

* 1 = Luzon, 2 = Visayas, 3 = Mindanao; ** 1= high, 2= low; *** Baguio subsites: 1,2; Quezon city subsites: 3, 4; Cebu city subsites: 5, 6; Liloan subsites: 7, 
8; Bukidnon subsites: 9, 10; CDO subsites: 11, 12. 
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Supplementary Table 2. Development-related phenotypes of Ae. albopictus from dry season 2019. 

Case # Island group* Altitude ** Temperature Subsite *** Sample size % pharate 
larvae 

Weighted 
average. % 

hatching rate 

Reproductive 
output 

1 1 1 18 1 0 0.00 0.00 0.00 
2 1 1 25 1 0 0.00 0.00 0.00 
3 1 1 38 1 0 0.00 0.00 0.00 
4 1 1 18 2 0 0.00 0.00 0.00 
5 1 1 25 2 0 0.00 0.00 0.00 
6 1 1 38 2 0 0.00 0.00 0.00 
7 1 2 18 3 4 29.07 0.00 0.00 
8 1 2 25 3 4 24.23 37.02 2.00 
9 1 2 38 3 4 0.00 0.00 0.00 
10 1 2 18 4 4 25.11 17.31 1.00 
11 1 2 25 4 4 21.15 2.88 2.00 
12 1 2 38 4 4 0.44 0.00 0.00 
13 2 1 18 5 4 20.14 16.15 3.00 
14 2 1 25 5 4 38.85 1.47 1.00 
15 2 1 38 5 4 0.00 0.00 0.00 
16 2 1 18 6 4 14.39 10.00 1.00 
17 2 1 25 6 4 26.62 24.28 2.00 
18 2 1 38 6 4 0.00 0.00 0.00 
19 2 2 18 7 4 18.69 0.00 0.00 
20 2 2 25 7 4 23.36 26.00 2.00 
21 2 2 38 7 4 0.00 0.00 0.00 
22 2 2 18 8 3 13.08 8.93 2.00 
23 2 2 25 8 4 44.86 0.00 0.00 
24 2 2 38 8 1 0.00 0.00 0.00 
25 3 1 18 9 4 9.38 21.63 3.00 
26 3 1 25 9 4 17.71 38.87 4.00 
27 3 1 38 9 4 0.00 0.00 0.00 
28 3 1 18 10 4 20.31 0.76 1.00 
29 3 1 25 10 4 52.60 0.00 0.00 
30 3 1 38 10 4 0.00 0.00 0.00 
31 3 2 18 11 4 17.21 40.93 4.00 
32 3 2 25 11 4 26.51 9.09 2.00 
33 3 2 38 11 2 10.70 0.00 0.00 
34 3 2 18 12 4 22.33 10.29 2.00 
35 3 2 25 12 4 23.26 6.94 1.00 
36 3 2 38 12 4 0.00 0.00 0.00 

* 1 = Luzon, 2 = Visayas, 3 = Mindanao; ** 1= high, 2= low; *** Baguio subsites: 1,2; Quezon city subsites: 3, 4; Cebu city subsites: 5, 6; Liloan subsites: 7, 
8; Bukidnon subsites: 9, 10; CDO subsites: 11, 12. 
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Supplementary Table 3. Combined wet and dry season development-related phenotypes of Ae. albopictus. 

Case # Island group * Altitude ** Temperature Subsite *** Sample size % pharate 
larvae 

Weighted 
average. % 

hatching rate 

Reproductive 
output 

1 1 1 18 1 3 0.47 0.00 0.00 
2 1 1 25 1 0 0.00 0.00 0.00 
3 1 1 38 1 0 0.00 0.00 0.00 
4 1 1 18 2 0 0.00 0.00 0.00 
5 1 1 25 2 2 0.32 0.00 0.00 
6 1 1 38 2 0 0.00 0.00 0.00 
7 1 2 18 3 11 15.46 0.00 0.00 
8 1 2 25 3 11 23.03 13.46 2.00 
9 1 2 38 3 11 0.32 0.00 0.00 
10 1 2 18 4 11 26.03 8.65 2.00 
11 1 2 25 4 11 30.91 8.69 3.00 
12 1 2 38 4 11 3.47 0.00 0.00 
13 2 1 18 5 8 11.13 9.64 4.00 
14 2 1 25 5 11 13.99 0.53 1.00 
15 2 1 38 5 6 0.00 0.00 0.00 
16 2 1 18 6 11 18.60 11.11 4.00 
17 2 1 25 6 11 21.94 14.29 4.00 
18 2 1 38 6 11 0.00 0.00 0.00 
19 2 2 18 7 4 3.18 0.00 0.00 
20 2 2 25 7 10 9.54 15.77 3.00 
21 2 2 38 7 4 0.00 0.00 0.00 
22 2 2 18 8 10 9.70 10.24 6.00 
23 2 2 25 8 11 11.92 0.00 0.00 
24 2 2 38 8 8 0.00 0.00 0.00 
25 3 1 18 9 4 2.59 21.63 3.00 
26 3 1 25 9 6 5.03 53.69 6.00 
27 3 1 38 9 5 0.00 0.00 0.00 
28 3 1 18 10 11 6.61 0.28 1.00 
29 3 1 25 10 11 20.83 0.00 0.00 
30 3 1 38 10 9 0.00 0.00 0.00 
31 3 2 18 11 11 10.92 25.79 6.00 
32 3 2 25 11 11 15.95 12.40 3.00 
33 3 2 38 11 9 3.30 0.00 0.00 
34 3 2 18 12 11 19.54 6.18 4.00 
35 3 2 25 12 11 14.66 3.28 2.00 
36 3 2 38 12 11 0.57 0.00 0.00 

* 1 = Luzon, 2 = Visayas, 3 = Mindanao; ** 1= high, 2= low; *** Baguio subsites: 1,2; Quezon city subsites: 3, 4; Cebu city subsites: 5, 6; Liloan subsites: 7, 
8; Bukidnon subsites: 9, 10; CDO subsites: 11, 12. 
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