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Abstract

Environmental changes influenced survival life and virus transmission of

dengue virus (DEN) in a mosquito. The purpose of the present study was to

define DEN-2 virus transmission dynamic and effect of temperature, relative

humidity (RH), and DEN-2 virus infection on viability of Aedes aegypti (Ae.

aegypti). This experimental study with pretest-posttest control group design

was conducted at the Laboratory of Center for Tropical Medicine, Faculty of

Medicine, Gadjah Mada University (UGM), Yogyakarta. Seventh-days old

female Ae. aegypti (F0) were infected DEN-2 via oral membrane and kept

until F2 generation by transovarial transmission, number of eggs produced

and hatched was recorded. After 14-day incubation was found that transo-

varial transmission rate of DEN-2 virus infection in F0 and F1 were 93.3%

and 82.2%, respectively. Egg production, hatching rates from infected and

uninfected mosquitoes F0 were 68% and 85%; and F1 were 72.6% and

76%, respectively. At defined room condition tests, 7 day adult mosquitoes

in dark and humid environment produced highest number of eggs,

compared normal environment and in incubated without CO2. In fourteenth

day old mosquitoes at dark and humid produced highest number of eggs,

compare normal environment condition, and in incubated without CO2.

DEN-2 virus was able to infect Ae. aegypti by transovarial transmission

where the infection rate in F0 was higher than F1 generation. Temperature

and humidity affected the ability of Ae. aegypti eggs to live and grow to

adulthood.
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Abstrak

Perubahan lingkungan memengaruhi hidup dan transmisi virus dengue

dalam tubuh nyamuk. Tujuan penelitian ini adalah mengetahui pengaruh

suhu, kelembaban udara (RH), terhadap transmisi virus DEN-2 pada nya-

muk Aedes aegypti. Studi eksperimental dengan desain pre dan post tes

control group dilakukan di laboratorium pusat kedokteran tropis, Fakultas

Kedokteran, Universitas Gadjah Mada, Yogyakarta. Penelitian ini dilakukan
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pada kelompok Ae. aegypti betina umur 7 hari (F0). Virus DEN-2 di-

infeksikan secara transovarial cara membran oral sampai generasi F2.

Kelompok lain sebagai kontrol di inkubator temperatur dan suhu tertentu,

waktu tertentu, jumlah telur yang dihasilkan, yang menetas dan mengan-

dung virus dicatat. Hasil penelitian menemukan indeks transmisi transo-

varial generasi F0 dan F1 selama 14 hari masa inkubasi adalah 93,3% dan

82,2%, laju tetas telur dari nyamuk F0 yang terinfeksi dan tidak terinfeksi

masing-masing 68% dan 85%, sedangkan laju tetas telur dari nyamuk F1

yang terinfeksi dan tidak terinfeksi masing-masing 72,6% dan 76%. Pada

tiga kondisi ruang uji, nyamuk berumur 7 hari dalam ruang gelap dan lem-

bab menghasilkan telur paling banyak dibandingkan pada kondisi normal

dan pada inkubasi tanpa CO2. Nyamuk umur 14 hari menghasilkan telur

tertinggi dalam ruang gelap dan lembab, dibandingkan pada kondisi ruang

normal dan dalam inkubasi tanpa CO2. Virus DEN-2 dapat menginfeksi Ae.

aegypti secara transovarial dengan laju infeksi lebih tinggi pada F0 dari-

pada F1. Suhu dan kelembaban mempengaruhi kemampuan produksi telur

Ae. aegypti untuk hidup dan tumbuh.

Kata kunci: Aedes aegypti, virus DEN-2, kelembaban, suhu, transovarial   

Introduction
Dengue has become a global health problem, parti-

cularly in tropical and subtropical countries. As such,
global warming along with climate changes significantly
affects the mechanism of dengue transmission. Changes
in air temperature and relative humidity may reduce the
viability of Dengue virus (DEN) in the mosquito’s body.1

To maintain its existence in nature, DEN virus has two
mechanisms i.e. by horizontal transmission between ver-

Alamat Korespondensi: Tri Baskoro T. Satoto, Pusat Kedokteran Tropis Fakultas

Kedokteran Universitas Gadjah Mada, Jl. Farmako Sekip Utara, Yogyakarta

55281, Hp. 0816680974, e-mail: tribaskorots@yahoo.com

Effects of Temperature, Relative Humidity, and DEN-2
Virus Transovarial Infection on Viability of Aedes aegypti

Pengaruh Temperatur, Kelembaban Relatif, dan Infeksi Transovarial Virus
DEN-2 terhadap Viabilitas Aedes aegypti

Tri Baskoro T. Satoto* Sitti R. Umniyati* Adi Suardipa** Margareta M. Sintorini***

*Pusat Kedokteran Tropis Fakultas Kedokteran Universitas Gadjah Mada, **Puskesmas Naioni Kupang,
***Departemen Teknik Lingkungan Universitas Trisakti



-GUOCU
�+VSOBM�,FTFIBUBO�.BTZBSBLBU�/BTJPOBM�7PM���
�/P���
�'FCSVBSJ�����

���

WHEUDWH�YLUHPLD�ZKLFK�LV�WUDQVPLWWHG�E\�$HGHVPRVTXLWRHV
DQG�E\�YHUWLFDO�WUDQVPLVVLRQ��WUDQVRYDULDO��IURP�WKH�QH[W
JHQHUDWLRQ�RI�LQIHFWLYH�IHPDOH�� 2I�WKHVH�WUDQVPLVVLRQV�
WUDQVRYDULDO�PHFKDQLVP�LV�DQ�LPSRUWDQW�DVSHFW�LQ�PDLQ�
WDLQLQJ� WKH� YLDELOLW\� RI�'(1�YLUXV� GXULQJ� WKH� LQWHU�
HSLGHPLF�SHULRG�LQ�QDWXUH��

7KHUH�DUH�IRXU�W\SHV�GHQJXH�YLUXV�QDPHO\�'(1�
���'(1����'(1����DQG�'(1����RQH�RI�PRVW�SRWHQW
LV�'(1���YLUXV�KDV�EHHQ�LVRODWHG�IURP�ODUYDH�RI�$H��DH�
J\SWL LQ�<DQJRQ��0\DQPDU�� DQG�ZDV� H[SHFWHG� WKDW
WUDQVPLVVLRQ� RFFXUV� E\� YHUWLFDO� PHFKDQLVP��

7UDQVRYDULDO�WUDQVPLVVLRQ�FDQ�WDNH�SODFH�XQWLO�WKH��WK

JHQHUDWLRQ�RI�PRVTXLWRHV�WKDW�KDYH�EHHQ�LQIHFWHG�E\
'(1�YLUXV� SDUHQWDOO\�� (JJV� IURP� LQIHFWLYH� IHPDOH
PRVTXLWRHV��ZKLFK�KDWFKHG�DIWHU�DQ�LQFXEDWLRQ�SHULRG
RI�VHYHUDO�ZHHNV�DW�URRP�WHPSHUDWXUHV��LQFUHDVHG�WKH
SHUFHQWDJH� RI� WUDQVRYDULDO� WUDQVPLVVLRQ�� $W� WHPSHUD�
WXUH�UDQJHV�IURP����WR����&��ZLWK�PD[LPXP�DQG�PLQ�
LPXP�OLPLWV�RI����&�DQG������&�� UHVSHFWLYHO\��HJJ�YLD�
ELOLW\�ZDV�JUHDWHU�WKDQ������

7KH�H[LVWHQFH�RI�WKLV�QDWXUH�SKHQRPHQRQ�LV�LPSRU�
WDQW� IRU�$HGHV PRVTXLWRHV� LQ� VXSSRUWLQJ� DQG�PDLQ�
WDLQLQJ�WKH�YHFWRU�HQGHPLF�FDSDFLW\�RI�D�UHJLRQ��7KLV
LQGLUHFWO\�DIIHFWV�WKH�LQFLGHQFH�RI�GHQJXH�LQ�WKH�FRP�
PXQLW\�ZKLFK�VKRZV�D�FRPSOHWH�'HQJXH�WUDQVPLVVLRQ
PHFKDQLVP��6R�� IRU�EHWWHU�XQGHUVWDQGLQJ�RI� WKH� WUDQV�
PLVVLRQ�PHFKDQLVP�� LW� LV� QHFHVVDU\� WR� NQRZ� WKH�
FRQWULEXWLQJ� FRPSRQHQWV� RI� WKH� G\QDPLF� WUDQVPLVVLRQ��
7KH�SXUSRVHV�RI�WKLV�VWXG\�ZDV�WR�SURYH�WKH�H[LVWHQFH�RI
WUDQVRYDULDO�WUDQVPLVVLRQ�RI�'(1���YLUXV�LQ�$H��DHJ\SWL�
WR�NQRZ�WKH�QXPEHU�RI�HJJV�SURGXFHG�E\�PRVTXLWRHV�$H�
DHJ\SWL LQIHFWHG�ZLWK�'(1���YLUXV��DQG�WR�LQYHVWLJDWH�WKH
HIIHFW�RI�WHPSHUDWXUH�DQG�KXPLGLW\�RQ�WKH�KDWFKDELOLW\�RI
HJJV� RI� WUDQVRYDULDO�'(1��� YLUXV�LQIHFWHG�$H�� DHJ\SWL
DIWHU�WKH�HJJV�DUH�VWRUHG�IRU���GD\V�DQG����GD\V�

0HWKRGV�
7KLV� H[SHULPHQWDO� VWXG\�ZLWK�SUH�SRVWWHVW� FRQWURO

JURXS�GHVLJQ�ZDV�FRQGXFWHG�DW�WKH�ODERUDWRU\�RI�&HQWHU
IRU�7URSLFDO�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��*DGMDK�0DGD
8QLYHUVLW\��8*0���<RJ\DNDUWD��$GXOW�IHPDOH�$H��DHJ\S�
WL�PRVTXLWRHV� DJHG��� GD\V�ZHUH� XVHG� DV� VXEMHFW��7KH�
PRVTXLWRHV�ZHUH�LQIHFWHG�E\�'(1���YLUXV�WKURXJK�RUDO
PHPEUDQH� IHHGLQJ� �IUHVK� UDW� VNLQ� WKDW� KDG�EHHQ
VKHDUHG�IXU��� 7KH�'(1���YLUXVHV�XVHG�LQ�WKLV�H[SHUL�
PHQW�KDYH�EHHQ�FRORQL]HG�LQ�$H��DHJ\SWL�VLQFH������DW
WKH�,QVHFWDULXPV�RI�WKH�&HQWHU�IRU�7URSLFDO�0HGLFLQH�
8*0��'(1�YLUXV� VXVSHQVLRQ� FRQVLVWLQJ� RI�&����� FHOO
FXOWXUH� VXSHUQDWDQW� RI� LQIHFWHG�PRVTXLWRHV��ZKLFK�
ZDV�SUHYLRXVO\� LQIHFWHG�E\�'(1��� YLUXV� �+DZDLLDQ�
LVRODWH��IRU���GD\V�LQFXEDWLRQ��ZDV�PL[HG�ZLWK�HU\WKUR�
F\WHV� RI� KHDOWK\� SHUVRQV� FRQWDLQLQJ� DQWL�FRDJXODQW�
KHSDULQ�DQG�VXFURVH�����ZLWK�D�UDWLR�RI�������������� 7KH
PL[WXUH�ZDV�SODFHG�LQ�WKH�URRP�DW����&�����&�DQG�UHOD�

WLYH� KXPLGLW\� �5+������������2Q� WKH� WKLUG�GD\�� WKH�
PRVTXLWRHV�ZHUH�EORRG�IHG�RQ�KHDOWK\�UDWV��)XUWKHU��PRV�
TXLWR�HJJV�ZHUH�FROOHFWHG�IURP�WKH�SDUHQW��)���RI�'(1���LQ�
IHFWHG�JURXS�DQG�FRQWURO�JURXS�PRVTXLWRHV�DIWHU����GD\V�
LQFXEDWLRQ�SHULRG��*RQRWURSKLF ,,���0HDQZKLOH��PRVTXLWR
HJJV�IURP�WKH�SURJHQ\��)���IURP�WKH�LQIHFWHG�DQG�FRQWURO
SDUHQW� �)���PRVTXLWRHV�ZHUH� FROOHFWHG� DIWHU� ���GD\�ROG�
PRVTXLWRHV��*RQRWURSKLF ,,���7KH�HJJV�ZHUH�FROOHFWHG�E\�FRQ�
ILQLQJ HDFK� LQGLYLGXDO� IHPDOH�PRVTXLWR� LQ� SDSHU� FXSV�
FRYHUHG�E\�Q\ORQ�QHWWLQJ� RQ� WKH� WRS� DQG�ERWWRP�SDUWV�
&RWWRQ�SDGV�� FRYHUHG�E\�ZHW� ILOWHU�SDSHU� �RYLVWULS��RQ� LWV�
XSSHU��ZHUH�SODFHG�LQ�WKH�SDSHU�FXSV�IRU�HJJ�OD\LQJ��$IWHU
WKH� HJJ� LV� UHOHDVHG�� WKH� IHPDOH� SDUHQW�ZDV� WHVWHG� IRU� WKH�
SUHVHQFH� RI�'(1�YLUXV� XVLQJ�KHDG� VTXDVK� ,PPXQR�
F\WRFKHPLFDO�6%3&�PHWKRG�ZLWK�PRQRFORQDO�'66&��DV
SULPDU\�DQWLERGLHV����

(JJV�IURP�)��$H��DHJ\SWL ZLWK�SRVLWLYH�'(1���YLUXV
WUDQVPLWWHG�WUDQVRYDULDOO\�DIWHU���GD\�HPEU\RQL]DWLRQ�ZHUH
UHIHUUHG�DV�JURXS����.���DQG�JURXS����.���IRU���GD\�DQG
���GD\�LQFXEDWLRQV��UHVSHFWLYHO\��7KH�.��DQG�.��ZHUH�WKHQ
FDWHJRUL]HG�LQWR�WKUHH�JURXSV�RI�URRP�WHPSHUDWXUH�DQG
5+��DPELHQW�FRQGLWLRQ�DW����&�����&�DQG�5+������
����7�5+����KXPLG�GDUN�URRP�DW����&�����&�DQG�5+
��������� �7�5+���� DQG� LQFXEDWHG�ZLWKRXW�&2� DW
���&�����&�DQG�5+�����������7�5+����6DPSOH�RI����
PRVTXLWRHV� HJJV� LQ� HDFK� JURXS� DQG� DWWDFKHG� WR� WKH
RYLVWULS��7KH�WHPSHUDWXUH�DQG�KXPLGLW\�ZHUH�PHDVXUHG
XVLQJ� WKHUPRK\JURPHWHU�DQG�ZHUH�REVHUYHG� WZLFH�D
GD\�LQ�WKH�PRUQLQJ��������WR�������SP���KHUHLQDIWHU
UHIHUUHG�WR�DV�3����DQG�LQ�WKH�DIWHUQRRQ��������DP�WR
�����SP��� KHUHLQDIWHU� UHIHUUHG� � DV� 3��� )��PRVTXLWR
HJJV�� DIWHU� EHLQJ� NHSW� LQWR� DGXOW�PRVTXLWRHV� LQ� ��
GLIIHUHQW�WUHDWPHQWV� ZHUH�FRORQL]HG�XQWLO�)��JHQHUDWLRQ�
7KH�UHVXOWV�ZHUH�DQDO\]HG�VWDWLVWLFDOO\�ZLWK�WKH�0DQQ�
:KLWQH\�WHVW�DQG�$129$��0HDQ�GLIIHUHQFHV�EHWZHHQ
WUHDWPHQWV�UHYHDOHG�D�VLJQLILFDQW�HIIHFW�LI�WKH�FULWLFDO�YDOXH�
)����FULWLFDO�YDOXH�)�WDEOH�DW�D ��������

5HVXOWV��
7KH�UHVXOWV�RI�'(1���YLUXV�DQWLJHQ WHVW�RI�IHPDOHV

�)�� $H��DHJ\SWL��ZKLFK�ZHUH�LQIHFWHG RUDOO\ E\�'(1�
��YLUXV�LQ��� GD\�LQFXEDWLRQ�SHULRG�DQG�WKHLU�SURJHQ\
�)���DGXOW RI����GD\V�RI DJH�DUH�SUHVHQWHG LQ�7DEOH

7DEOH� ���$QWLJHQ�7HVW� RI�'(1���9LUXV� LQ�3UHSDUDWLRQV�0RVTXLWR�+HDG

6TXDVK�3DUHQW��)���DQG�WKH�3URJHQ\��)���$GXOW�6WDJH�

0RVTXLWRHV� *URXSV�RI�0RVTXLWRHV $QWLJHQ�9LUXV�'(1�� ,QIHFWLRQ��

*HQHUDWLRQ 7HVWHG 5DWH����

3RVLWLYH 1HJDWLYH 7RWDO

)� ,QIHFWHG�E\�'(1���YLUXV �� � �� ����

1RW�LQIHFWHG � �� �� �

)� ,QIHFWHG��E\�'(1���YLUXV �� �� �� ����

1RW�LQIHFWHG� � �� �� �
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1. It reveals the DEN-2 virus infection rate in F0 and F1
generationmosquitoes.NumberofeggsproducedfromF0
and F1 Ae. aegypti mosquitoes are presented in Table 2. It
describes the number of hatching and not hatching eggs from
infected and non infected mosquitoes.

ResultsofcolonizationofeggsfromF1mosquitoes,which
were positively infected by DEN-2 virus transovarially, are
presented in Table 3, whereas colonization results of un-
infected F1 mosquitoes are presented in Table 4. Both tables
cover7-dayand14-daytestperiodsfor3differenttemperature
and RH experimental conditions.

During laboratory colonization, the average air tempera-
ture and RH were 24.5ºC and 65.5%, respectively. At this
condition, eggs hatched into larvae within 1 – 3 days, larva
stage lasted8–12daystobecomepupae,andpupalstage last-
ed 2 – 3 days to become adult mosquito.

Discussion
Table 1 indicates that local strains of Ae. aegypti,

which has been colonized since 2004 at the Center for
Tropical Medicine UGM, is susceptible to DEN-2 virus
infection. It was found 75% infection rates in first colony
by immunocytochemistry SBPC head squash methods.9

These results have good agreement with previous
research that the mosquitoes were categorized as vulner-
able if after infected orally the DEN virus, found positive
results on brain tissue, based on head squash prepara-
tions immunofluorescence method in 2-week incuba-
tion.11 Vulnerability of Ae. aegypti against DEN virus
was associated with vertical transmission rate because
higher transovarial transmission in the offspring may be
caused by the high number of infected females and
vulnerability.4
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Table 2. Number of Hatching and Not Hatching Eggs from DEN-2 Virus-Infected and Uninfected (Control)

F0 and Progeny (F1) of Ae. aegypti  Mosquitoes

Hatching and Not Hatching Eggs

Mosquito Group of Test Hutched (+) Hutched (-) Total Total Eggs Average

sggEdecudorPnoitareneG �

n (%) n (%)

F0 Infected by DEN-2 virus 68 68 32 32 100 4,235 62

Not infected 85 85 15 15 100 6,688 79

F1 Infected by DEN-2 virus 109 72.6 41 27.4 150 7,990 73

Not infected 114 76 36 24 150 9,459 83

Notes:

*Per each mosquitos

Table 3. Colonization Results of Eggs of Transovarially DEN-2 virus-infected F1 Ae. aegypti After 7-day and 14-

day Treatment at 3 Different Room Temperature and Humidity Conditions.

Test Group Repetition Eggs Tested Adult Mosquito Live Total Average

Test Period

Male Female

7-day T1RH1 1 100 33 22 55 52

2 100 25 28 53

3 100 25 23 48

T2RH2 1 100 40 34 74 62

2 100 23 31 54

3 100 17 42 59

T3RH3 1 100 28 17 45 42

2 100 19 22 41

3 100 18 21 39

14-day T1 RH1 1 100 14 20 34 36

2 100 12 27 39

3 100 10 25 35

T2RH2 1 100 23 21 44 46

2 100 15 32 47

3 100 22 26 48

T3RH3 1 100 22 18 40 40

2 100 23 14 37

3 100 19 23 42

Notes:

T1RH1 =Normal roomconditions (temperature25±5ºC, relativehumidity (RH)80±5%);T2RH2 =Darkandhumidroom(tem-

perature 20 ± 5 ºC, RH 85 ± 5%); T3RH3= incubated without CO2 (temperature 30 ºC ± 5ºC, RH 70% ± 5%)
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Mosquitoes are more vulnerable to viruses due to
variation in inter (genetic) and between species in in-
hibiting the infection and spreading out of the virus lead-
ing to differences in the infection rate and transmission.
In susceptible mosquitoes, the titer will increase, possi-
bly due to replication in secondary target organs, while
the mechanism of vertical transmission of arbovirus in
the mosquito’s body will produce progeny with infection
rates exceeding 80%.11

Susceptibility of Ae. aegypti against DEN-2 virus in-
fection provides good mechanism for the survival of the
virus and mosquitoes in nature. The present study shows
that the control group mosquitoes produced more eggs
than the infected ones. As shown in Table 2, the un-
infected parent (F0) Ae. aegypti produced 6,688 eggs
from 85 mosquitoes (79 eggs per mosquito in average).
This figure was significantly different (p = 0.001) with in-
fected F0 which produced only 4,235 eggs from 68
mosquitoes (62 eggs per mosquito in average). The same
figure was found in the progeny (F1), that the uninfected
mosquitoes significantly produced higher eggs (9,459
eggs) than the infected ones (7,990 eggs) (p = 0.009).

In one gonotrophic cycle, a female Ae. aegypti is able
to produce as many as 100 to 400 eggs.12 Based on this
figure, the number of eggs and mean number of eggs pro-
duced by F0 and F1 mosquitoes of both infected and un-
infected were lower (Table 2). These possibly due to
room temperature and humidity and lack of food intake
(blood) which is a source of protein for growth and de-

velopment of eggs. In the life of mosquito after feed the
blood to be continued produce eggs, thus the number of
eggs were deposited. The difference between the control
(uninfected) and infected mosquitoes probably due to the
effects of DEN-2 virus infection during embryogenesis.
Virus multiplication in different organs during embryo-
genesis or in the final stages of mosquito may vary due
to the tissue tropism, descendant of the virus, and host
genetic creation. These factors, either alone or together,
can contribute to the duration of larvae, productivity, fer-
tility, and mortality is different in the infected mosquito
transovarium.4

Temperature and humidity have significant effect on
Ae. aegypti in producing eggs. As shown in Table 3 and
Table 4, infected and uninfected F1 mosquitoes kept 7
days in dark and humid room (T2RH2: 22 – 26ºC, RH 87
– 92%) produced in average 62 and 86 eggs, respective-
ly, contrast to 52 and 79 eggs at ambient condition
(T1RH1: 25.5 – 28ºC, RH 79 – 87%) and 42 and 72 eggs
in incubator without CO2 (T3RH3: 33 – 35ºC, RH 68 –
72%). The same pattern was observed in 14-day period.
These results show a decline number of eggs hatching
and growing into adult mosquitoes live where 14-day
treatment was worse than 7-day treatment.

The effect of temperature, humidity, and DEN-2
virus infection was observed in the offspring of Ae.
aegypti. As shown in Table 3 and Table 4, the number
of survival eggs hatching into adult mosquitoes was
different among temperature and humidity conditions.
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Table 4. Colonization Results of Eggs of Uninfected F1 Ae. aegypti After 7-day and 14-day Treatment at 3 

Different Room Temperature and Humidity Conditions

Test Group Repetition Eggs Tested Adult Mosquito Live Total Average

Test Period

Male Female

7-day T1RH1 1 100 51 39 90 79

2 100 45 33 78

3 100 21 48 69

T2RH2 1 100 46 42 88 86

2 100 47 36 83

3 100 52 34 86

T3RH3 1 100 31 37 68 72

2 100 41 31 72

3 100 3 36 75

14-day T1RH1 1 100 32 36 68 58

2 100 34 25 59

3 100 28 19 47

T2RH2 1 100 43 29 72 66

2 100 41 21 62

3 100 27 37 64

T3RH3 1 100 23 34 57 59

2 100 19 35 54

3 100 36 29 65

Notes:

T1RH1 = normal room conditions (temperature 25 ºC ± 5ºC and relative humidity (RH) 80% ± 5%); T2RH2 =

dark and humid room at temperature 20 ºC ± 5 ºC and RH 85% ± 5%; T3RH3 = incubator without CO2 at tem-

perature 30 ºC ± 5ºC and RH 70% ± 5%).
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7KH�ORZ�KDWFKDELOLW\�RI�HJJV�LQFXEDWHG�ZLWKRXW�&2�
�7�5+���ZDV�OLNHO\�LQIOXHQFHG�E\�WHPSHUDWXUH�DQG�KX�
PLGLW\�RI�WKH�LQFXEDWRU��'XULQJ�WKH�WUHDWPHQW��WKH�DY�
HUDJH�LQFXEDWRU�WHPSHUDWXUH�������&��ZDV�DERYH�WKH
RSWLPXP�WHPSHUDWXUH�����²����&��DW�ZKLFK�JHQHUDOO\
PRVTXLWRHV� OD\� WKHLU� HJJV��7KH� RSWLPXP�WHPSHUDWXUH
IRU�JURZWK�DQG�GHYHORSPHQWV�RI�PRVTXLWRHV�LV����²����&�
DQG�WKH�PRVTXLWR�JURZWK�VWRSV�ZKHQ�WHPSHUDWXUH�LV�ORZHU
WKDQ����&�RU�KLJKHU�WKDQ����&���

0RVTXLWR�HJJV�DUH�HDVLO\�EURNHQ�DQG�VRPH�HPEU\RQLF
SURFHVVHV�DUH�FUDVKHG�LQ�FRQGLWLRQ�QRW�RSWLPXP�RU�SODFHG
LQ�D�PRLVWHQHG�HQYLURQPHQW��7KRVH�UHDUHG�LQ�D�KLJK�PRLV�
WXUH�HQYLURQPHQW�KDWFKHG�DW�D�KLJK�UDWH�FRPSDUHG�ZLWK
WKHLU�WR�D�GULHU�HQYLURQPHQW��� ,Q�WKH�SUHVHQW�VWXG\��WKH
DYHUDJH�DLU�5+�LQ�DOO�WKUHH�WUHDWPHQW�JURXSV�UDQJHG�����
²��������7KLV�ZDV�ZLWKLQ�WKH�DYHUDJH�UDQJH�RI�RSWLPXP
KXPLGLW\� IRU�PRVTXLWR�GHYHORSPHQW�RI����²�����DQG�
WKHUHIRUH�� DLU� KXPLGLW\�GXULQJ� WUHDWPHQW�GLG�QRW� DIIHFW
PXFK�RQ�WKH�JURZWK�DQG�GHYHORSPHQW�RI�PRVTXLWR�HJJV�
7KH�H[SHULPHQWDO�FRQGLWLRQ�RI�URRP�KXPLGLW\�ZDV�RSWL�
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