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Abstract
In this study, research was executed on the South American malaria vectors Anopheles darlingi and
Anopheles aquasalis in Suriname. The study consists of three topics. In the first topic, the preferred
biting locations of both mosquito species was examined. An. aquasalis females were collected in
Paramaribo, the capital of Suriname. They were released individually in a mosquito net cage in which
a test person was sitting on a stool. Biting locations and the time after biting were determined for 32
mosquitoes. The observed biting locations appeared to be distributed randomly across the human
body. For An. darlingi in Palumeu, an Amerindian village in the interior of Suriname, the preferred
biting locations were examined by placing a test person outside on a stool while another person
determined the biting locations of the mosquitoes. Here most of the 105 bites were observed on the
lower legs and feet, indicating a preference of An. darlingi mosquitoes for the feet area.
In the second part of this study several collection methods were tested for both An. darlingi and
An. aquasalis to find an alternative method for the human landing collection. To collect An. darlingi,
besides the human landing collection, the CDC Miniature Light Trap with and without light was used,
with CO2 or a person sleeping in a mosquito net as bait; the BG SentinelTM Mosquito Trap in
combination with a mosquito net or CO2; the Mosquito Magnet® Liberty Plus and a mosquito net trap
designed by the authors. To collect An. aquasalis, besides the human landing collection the CDC
Miniature Light Trap without light with CO2 as bait, the BG SentinelTM Mosquito Trap with CO2 as bait
and the Mosquito Magnet® Liberty Plus were used. The human landing collection remains the most
effective way to collect both species. To collect An. darlingi the BG SentinelTM Mosquito Trap with
CO2 or a sleeping person protected by a mosquito net as bait were the best alternatives for the
human landing collection. From the studied alternative collection methods to collect An. aquasalis
mosquitoes no best method was found.
An attempt was made to establish a colony of An. aquasalis for use in bioassays. While some
success has been achieved in rearing the mosquito larvae and feeding the mosquitoes, the goal of
setting op a colony was not reached, the major drawback being the high mortality rate of adult
mosquitoes. More time is needed to determine the factors that affect the outcome of An. aquasalis
cultivation.
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General introduction
With a total population of 455,000 people and one reported malaria death in 2006 (WHOa)
Suriname is not the country that comes up first when thinking of malaria. But not so long ago,
Suriname had the highest parasitic index of South America. This was in 2003, when more than 17,000
cases were registered. Since 2006 the number of malaria cases in Suriname dramatically decreased
to just over 2000 cases in 2008, but malaria still occurs and it can easily become a problem again.
With the additional risks of decreasing human immunity and mosquito net usage due to the low
parasitic rate of the last years, continued prevention and control is necessary.
Suriname can, based on ecological and malariological characteristics, be divided in three zones.
The first zone is the coastal zone which is partly cultivated and inhabited by most of the country’s
population. This zone is free of malaria due to malaria control activities, including DDT house
spraying between 1950 and 1960. The second, more southern, zone is the savanna region or white
sand formation. This area is very sparsely populated and here only small epidemics of malaria occur.
The third zone is the primary rainforest area in the south of Suriname. This interior zone is inhabited
mostly by Maroons and Amerindians living in tribal villages along the major rivers. Most malaria
cases occur in this zone. In both the savanna region and the interior zone, malaria is mainly
transmitted by Anopheles darlingi mosquitoes. Endemic to the interior zone are Plasmodium
falciparum, P. vivax and P. malariae. In the coastal zone, mainly P. vivax but also P. falciparum and P.
malariae were endemic. In this zone another vector was probably the main vector, namely Anopheles
aquasalis (Rozendaal, 1990).
Currently, preventive measures are the distribution of free long-lasting insecticide treated
mosquito nets (Permanets) in high risk areas and the (re-)impregnation of used nets in areas with a
lower risk. The Long-Lasting Insecticidal Nets (LLIN) used nowadays retain, according to the WHO
”their effective biological activity without re-treatment for at least 20 WHO standard washes under
laboratory conditions and three years of recommended use under field conditions” (WHOb). The
Maroon population in the interior zone wash their mosquito nets very frequently. With this habit it is
assumed that the nets will not retain their insecticide for three years but it is not known for how long
the impregnation does last. A study into the durability of the nets and the insecticide is urgently
needed. Therefore, a mosquito colony has to be established to be able to perform bio-assays on the
nets. Current malaria control activities include diagnosis and treatment of malaria cases reported to
the clinics and Active Case Detection (ACD) in situations of local outbreaks.
Anopheles darlingi was found to be the primary vector of malaria in Suriname (Rozendaal, 1990).
The An. darlingi mosquito is also a primary malaria vector in many other countries in South America.
Its range extends from southern Mexico to the south of Brazil (review in Charlwood, 1996). Studies
show differences in behaviour of An. darlingi between regions (Rozendaal, 1990; review in
Charlwood, 1996). An example of differences between regions is the biting peak in Suriname.
Rozendaal (1990) found An. darlingi to have its peak in biting activity between 22:30 and 23:30 in
peridomestic and indoor collections at Abetredjoeka. Hudson (1984) found the biting peak to be
between 22:00 and 23:00 in and near houses at Aselikamp, Lawa River. And H. Hiwat (unpublished
data) found the biting peak in Palumeu to be between 1:00 and 2:00. The mosquitoes bite both
indoors and outdoors (Hudson, 1984; Rozendaal, 1990). Hudson (1984) and Rozendaal (1990) both
found An. darlingi to rest indoors only at night. The time spend resting indoors was estimated by
Hudson (1984) for 7.7 minutes before and 17.1 minutes after feeding. But Rozendaal (1990)
estimated the indoor resting time after feeding to be three to four hours. Not much more
information about the behaviour of An. darlingi in Suriname is available at this time. About the
preferred biting locations on the human body, for example, nothing is known. However, this
information can be necessary to improve vector control programs (Girod et al., 2008). Problems in
studying An. darlingi populations are thought to be related to low population densities in areas of
high malaria risk (Hudson , 1984; Rozendaal, 1990; review in Charlwood, 1996) and to difficulties in
collecting An. darlingi. Human landing catches can be effective in some areas, but are becoming less
acceptable on ethical grounds. A satisfying alternative collection method still needs to be found.
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Besides An. darlingi, An. aquasalis is a very common Anopheles species in Suriname. An. aquasalis
occurs in the coastal zone. It is not currently considered a vector, as malaria in the coastal zone was
successfully controlled, but it is an important malaria vector in other areas in South America (Fairley
et al., 2002) with a distribution from Nicaragua to southeastern Brazil (Atlantic coast) and Ecuador
(Pacific coast) (Faran, 1980; Rubio-Palis and Zimmerman, 1997)
The behaviour of this species also varies throughout its distribution in South America (FloresMendoza and Lourenco-de-Oliveira, 1996) and about its behaviour, also in Suriname, is little known.
Due to the abundance of An. aquasalis in the coastal zone its potential as a vector remains and needs
to be taken into account, especially when considering the increasing influx of Brazilians (among
which many garimpeiros, a high malaria risk group) in the northern range of the capital Paramaribo.
An. aquasalis can be collected in Paramaribo between 19:00 and 20:30 (personal communication H.
Hiwat). Because of its abundance and ease of collection, it was decided to incorporate An. aquasalis
in this study.
In this study, performed from March 2009 until July 2009, the preferred biting locations on the
human body of both An. aquasalis and An. darlingi are examined. Furthermore different collection
methods are tested for their efficiency in collection An. aquasalis and An. darlingi and compared to
the conventional human landing collections. Besides this, also a small scale attempt was made to
cultivate An. aquasalis mosquitoes. This report describes these three subjects one by one.
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Biting behaviour of Anopheles aquasalis and Anopheles darlingi
Introduction
Different mosquito species have different preferred biting locations on the human body. To find
their preferred location, mosquitoes use (among others) skin temperature, carbon dioxide, skin
humidity, vision or body odours, or a combination of those factors (De Jong and Knols, 1995b). In this
study the biting preferences of An. darlingi and An. aquasalis were observed. It is examined which
location on the human body is preferred by both mosquito species. This can lead to more knowledge
about the factor related to the human host that attracts the vectors the most. The results can
possibly be used to improve the collection of mosquitoes for monitoring and for improvement of
preventive measures. We also studied the relation between parity and biting or non-biting and
between parity and the time until biting.
The biting preferences of An. Atroparvus Van Thiel, An. Gambiae s.s. Giles, Aedes aegypti L. and
Culex quinquefasciatus Say were observed by De Jong and Knols (1995a). They found preferred biting
locations for all species but the last. Self et al. (1969) found the biting behaviour of Culex pipiens
fatigans to be oriented toward areas of the human body which were on or near the floor.
As An. darlingi occurs in the interior zone and An. aquasalis in the coastal zone, two different
locations were used to do this study. Biting preferences of An. aquasalis were tested in Paramaribo,
the capital in the north of Suriname, biting preferences of An. darlingi were tested in Palumeu, an
Amerindian village in the south of Suriname.
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Material and methods
Experiments to determine the preferred biting location on the human body of An. aquasalis and
An. darlingi were executed similar to the study executed by De Jong and Knols (1995a).
Anopheles aquasalis
Female Anopheles aquasalis mosquitoes were collected between March the 17th, 2009 and June
the 18th, 2009 in Paramaribo in human landing collections, including the human landing collections
executed during the alternative collection methods experiments. The mosquitoes were placed in
plastic cups with a water-moistened piece of cotton wool on top to provide water and stored until
the next day. The test person (one of the authors, a male aged 23) was seated on a stool (height 43
cm) in the middle of a 190 cm cubic mosquito net cage with a mesh width of two mm. The test
person had not bathed for at least eight hours before the experiment started and was wearing only
shorts. He sat in an upward position with his feet resting on the floor. The mosquito net cage was
placed in a non-climate controlled room. Mean temperature inside the room during the tests was
29.4 ⁰C and the mean relative humidity was 53%. The light in the room was switched off and curtains
were closed. Light intensity varied since the experiments were executed between 18:00 and 19:30,
which includes the biting peak from 19:00 until 19:30 (personal communication H. Hiwat). During the
experiments the windows and door in the room were closed to prevent wind from having effect on
the results. Mosquitoes were released individually into the mosquito net cage through a small hole
(width 15 mm) approximately 94 cm from each side and 25 cm from the top of the mosquito net
cage. When the test person felt that a mosquito was biting, a second person confirmed the biting
location using a red light, entered the mosquito net cage and removed the mosquito. When the
mosquito had not bitten after five minutes it was also removed from the mosquito net cage. After
each tested mosquito the test person turned around to prevent the side of the body facing the
release hole from having influence on the preferred biting locations.
Mosquitoes used in the experiments were placed individually in numbered plastic tubes closed with
a water-moistened plug of cotton wool. The next day each mosquito was dissected. During dissection
the ovaries of the alive or just dead mosquito were taken out. The ovaries were placed in a drop of
distillated water on a microscope slide and dried. Using a microscope, it was possible to see if the
mosquito ever laid eggs before or not. When the mosquito laid eggs before, it was called parental. If
not, it was called non-parental (Detinova, 1964).
Anopheles darlingi
A similar experiment was executed to test the preferred biting locations of An. darlingi in Palumeu
between April the 15th, 2009 and April the 26th, 2009. Female An. darlingi mosquitoes collected
during the human landing collections were tested in the same mosquito net cage as described above.
The mosquito net cage was again placed in a non-climate controlled room. Mean temperature was
27.0 ⁰C and the mean relative humidity was 80% during the tests. Experiments were executed at
different moments between 19:00 and 0:00, with emphasis on the time after 22:00 since that was
the time An. darlingi began to appear in the human landing collections. The room was completely
dark except for the mosquitoes tested before 19:30. Again, for each mosquito the parity was
determined.
As this method was unsuccessful for An. darlingi (see results) another setup was designed which
was again tested in Palumeu. In this setup the same test person sat outside in the village on a stool
wearing only shorts while a second person was walking around him wearing a red headlight, checking
the exposed body surfaces for Anopheles mosquitoes (Self et al., 1969). When an Anopheles
mosquito was found, the biting location was determined and the mosquito was collected and stored
until the next day for identification. During the tests the mean temperature was 24.3 ⁰C and the
mean relative humidity was 81%. These experiments were executed between 21:15 and 22:00 since
suitable numbers of Anopheles mosquitoes were observed during that time.
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Statistical analysis
For both An. aquasalis and An. darlingi, a Chi-square test was performed to determine whether the
observed biting sites showed a different distribution from the expected distribution as used in
Mitchell and Wyndham (1969). The influence of temperature, humidity and rainfall was tested using
Chi-square tests. For An. aquasalis, also the influence of the position of the test person, i.e. whether
he was sitting facing the release hole or not, was determined using a Chi-square test. Another Chisquare test was used to determine differences in parity between An. aquasalis mosquitoes that did
bite during the experiments and mosquitoes that did not bite. Finally, a Chi-square test was used to
determine whether there was a relation between parity and the time after which the An. aquasalis
mosquitoes bit or not. For this purpose, the mosquitoes for which the time until biting was
determined were divided in three groups: mosquitoes that bit in the period between 0 and 100
seconds, between 100 and 200 seconds and between 200 and 300 seconds. Then the distribution of
parental and non-parental mosquitoes in each group was compared with the distribution of parental
and non-parental of all three groups of mosquitoes combined.
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Results
Anopheles aquasalis
On average 8-9 mosquitoes per day were tested for 22 days, spread over 13 weeks. In total 193
mosquitoes were tested. The biting site of 32 mosquitoes could be determined. The distribution of
the biting sites is shown in figure 1 and table 1. Most biting mosquitoes were observed between
18:15 and 18:30.
Table 1. The distribution of biting sites of Anopheles aquasalis for four body parts

N

Body part
Head
Trunk

Arms

Legs

Chi square
test

32

5

13

7

7

P=0.101

skin
surface
(%)

7

35

19

39

Figure 1. The distribution of biting sites of Anopheles aquasalis on the human body. Each dot represents one mosquito bite.

When a Chi-square test was executed, no significant differences between the observed and the
expected distribution of mosquito bites over the human body were found (P=0.101, α=0.05). The
parity data can be found in table 2. The distribution between parental and non-parental biting
mosquitoes was not significantly different from the expected distribution, which assumes equal
ratios of biting and non-biting mosquitoes for both parental and non-parental mosquitoes (P=0.937,
Chi-square test, α=0.05,). The distribution between parental and non-parental non-biting mosquitoes
was also not significantly different from the expected distribution (P=0.979, Chi-square test, α=0.05).
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Table 2. Paritydata for An. aquasalis

Biting mosquitoes
14
7
11
32

Parental
Non-parental
Unknown
Total

Non-biting mosquitoes
69
33
59
161

Total
83
40
70
193

When the relation between parity and the time after which the mosquitoes bit was tested, no
significant differences between mosquitoes that bit in the period between 0 and 100 seconds,
between 100 and 200 seconds and between 200 and 300 seconds were found. A Chi-square test
showed that the number of mosquitoes that bit was not influenced by the relative humidity
(P=0.762, α=0.05). Also the temperature had no influence on the number of biting mosquitoes
(P=0.677, Chi-square test, α=0.05). Finally, a Chi-square test was used to determine the influence of
the position of the test person. While more mosquitoes bit at the side of the test person facing the
release hole, this difference was not significant (P=0.0947, α=0.05).
Anopheles darlingi
During the first research period in Palumeu experiments were executed for 11 days spread over
two weeks. In total 50 mosquitoes were tested in the first set-up (De Jong and Knols 1995a). None of
the mosquitoes did bite during the experiments. The parity of 30 of those mosquitoes was
successfully determined. Of those mosquitoes, 22 were parental and eight were non-parental.
During the second research period, the biting location of 105 Anopheles darlingi mosquitoes was
determined during eight experimental days spread over two weeks using the alternative set-up (Self
et al. 1969). The distribution of the biting sites is shown in figure 2 and table 3.
Table 3. The distribution of biting sites of Anopheles darlingi for four body parts.

N

Body part
Head
Trunk

Arms

Legs
total

105

0

6

1

98

upper
legs
11

skin
surface
(%)

7

35

19

39

19

11

lower
legs
31

feet

Chi
square
test

56

P=0.000

13

7

Figure 2. The distribution of biting sites of Anopheles darlingi on the human body. Each dot represents one mosquito bite.

A Chi-square test showed that the distribution of biting sites differed significantly (P=0.000, α=0.05)
from the expected distribution when the mosquitoes do not have a preference (De Jong and Knols,
1995a). Using Chi-square tests it was shown that the temperature had no influence on the number of
biting mosquitoes (P=0.161, α=0.05). Also the relative humidity (P=0.341, Chi-square test, α=0.05)
and the amount of rainfall (P=0.334, Chi-square test, α=0.05) had no influence on the number of
biting mosquitoes.
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Discussion
Anopheles aquasalis
The biting locations of An. aquasalis seem to be distributed randomly over the human body (figure
1). While the number of bites is too low to draw any clear conclusions, this may be an indication that
An. aquasalis is not attracted to any body part in particular. This is also indicated by the Chi-square
test that did not find a preference. To confirm these assumptions more data are needed.
The major drawback of this method is that every mosquito has to be tested individually, which
makes it a very time consuming method. Combined with the limited time period in which this
mosquito species shows biting behaviour, this means that many experimental days are needed to
generate a sufficient amount of data. Since usually only about one to three mosquitoes bit on one
evening, 22 experimental days were not enough to draw clear conclusions about the preferred biting
location of An. aquasalis. There are several possible explanations for the low number of biting
mosquitoes. The majority of the bites took place between 18:30 and 18:45, the time that the light
intensity started to decrease noticeably. This may indicate that the period during which they show
biting behaviour is very limited. Furthermore, while no influence of the relative humidity on the
number of biting mosquitoes has been found, it is still possible that the relative humidity in the room
was overall too low compared to the optimal relative humidity for the mosquitoes and that therefore
only a few mosquitoes did bite. The relative humidity during the alternative collection methods
experiments
was
much
higher
than
the
relative
humidity
in
the
room.
Furthermore the temperature was overall much higher in the room than at the site were they were
collected during the alternative collection methods experiments.
The practice of collecting mosquitoes, keeping them in cups for one day and then release them in
the mosquito net cage could have had influence on the outcome of the experiments. The mosquitoes
may have been disturbed by these actions, causing them to behave differently from how they would
have done in a more natural situation. Another factor that may have influenced mosquito behaviour
is the fact that the mosquito net cage was placed indoors while An. aquasalis usually bites outdoors
(Berti et al., 1993). It was however decided to place the mosquito net cage indoors to carry out the
experiments under more controlled conditions. When the experiments would be executed outside,
wind and rain for example would be limiting factors.
The position of the test person may have influenced the preferred biting location of the
mosquitoes. When for example the test person would be laying down in stead of sitting on a stool,
different results may be found (Self et al., 1969).
Finally, the position of the hole from where the mosquitoes were released may influence the
preferred biting locations: body areas located relatively close to the release hole may get relatively
more bites.
The biting location of too few mosquitoes was determined to be able to draw clear conclusions
concerning the parity of biting mosquitoes compared to the parity of non-biting mosquitoes. While
there seems to be no difference in parity between biting and non-biting mosquitoes, more data are
required. Furthermore, the number of mosquitoes was too low to be able to say anything about the
relation between the time after which the mosquitoes bit and the parity.
Anopheles darlingi
None of the An. darlingi mosquitoes did ever bite in the mosquito net cage. It is unclear why this
method did not work for this species. A possible explanation may be that the mosquitoes are
relatively more sensitive to disturbance than An. aquasalis. The mosquitoes appeared to be looking
for a way out of the mosquito net cage rather than looking for a biting site. Maybe the mosquitoes
were influenced by a relatively high temperature in the mosquito net cage compared to the
temperature outside. The experiments were executed at times that An. darlingi mosquitoes were
collected in the human landing collections so the time at which the experiments were executed is
unlikely to explain the lack of biting behaviour. The fact that the mosquito net cage was placed inside
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is unlikely to have prevented An. darlingi from biting since the species is associated with biting
indoors as well as outdoors (Hudson, 1984; Rozendaal, 1990).
The method used in the second study period did provide interesting results concerning the
preferred biting locations. As shown in figure 2, most bites were observed on the legs, with emphasis
on the feet area. This is an indication that An. darlingi is attracted the feet area. This may suggest
that An. darlingi is attracted to foot odour. This could be expected since An. darlingi is antrophophilic
(Zimmerman, 1992) and antrophophilic Anopheles species like An. gambiae are known to be
attracted by foot odours (De Jong and Knols, 1995b). There are however several drawbacks to this
method.
First, it is unlikely that all biting An. darlingi mosquitoes have been observed. The researcher
walking around the test person to determine the biting sites was not able to look at all body parts at
the same time and therefore probably has not seen all mosquitoes. It was also difficult to treat all
body parts equally regarding the time each body part was given to search for mosquitoes since
scanning the legs took relatively more time than scanning the back. Furthermore it is possible that
mosquitoes were disturbed by the fact that someone was walking around the test person constantly.
Thereby it is likely that the mosquitoes were scared away easier from the back than from the legs,
since in the leg area more covered areas were present where the mosquitoes would be less
disturbed by the person walking around and the light she was carrying. As with the mosquito net
cage method, the position of the test person (sitting or laying down) may also influence the preferred
biting locations. While a red light was used which was supposed to be invisible to the mosquitoes,
the exact influence of the light on the mosquito behavior remains unsure. While studies have
showed that mosquitoes should not be able to detect red light (Brammer and Clarin, 1976), a study
by Gibson (1995) indicates that An. gambiae behavior is in fact influenced by red light. All these
aspects may cause the distribution of biting sites as described in this study to be somewhat different
from the actual preference.
Since the mosquitoes were collected as soon as they were seen by the researcher, regardless on
whether they had bitten or not, it is possible that the determined biting site for some mosquitoes is
not correct since they only landed on the test person and would have moved to another location or
flown away later on.
Finally, this method is only usable when the mosquito densities are relatively low. If more
mosquitoes would come to bite the test person than the researcher could collect, the method would
be unworkable. Furthermore, very high mosquito densities would make the method unendurable for
the test person. For that reason this method would be inapplicable to collect An. aquasalis in
Paramaribo, where especially Culex densities were extremely high.
Taking in mind all the drawbacks, this method is still usable to get information about the biting
preferences of An. darlingi. Even at low mosquito densities, the amount of biting mosquitoes is likely
to be higher than when the mosquito net cage is used, leading to more results in a limited study
period. Other positions for the test person, for example laying down or standing, can be used to
determine the influence of body position on the preferred biting locations. Furthermore, since
mosquitoes are not collected and later released but come to bite on a location and time they prefer,
they are more likely to show their natural behaviour.
An. aquasalis and An. darlingi
Both methods used to determine the preferred biting locations of An. aquasalis and An. darlingi
have given interesting insights in the preferred biting locations, especially for An. darlingi. Since the
mosquito net cage method did not work for An. darlingi and the method used for An. darlingi would
have been inapplicable for An. aquasalis, using two different methods was the only option to get
information about the preferred biting locations of both species. Both methods have several
drawbacks. Some of these drawbacks can be accounted for by increasing the scale of the
experiments or including more variables, for example more positions for the test person. It should be
noted that different people may differ in attractiveness to mosquitoes (Braks and Takken, 1999).
Therefore, other results might have been found when another test person would be used. To
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account for the effect of differences in attractiveness between people, in an ideal setup the biting
preferences for as many different people as possible should be determined. Furthermore, it would
be interesting to study the factors that might influence the attractiveness of certain body parts, for
example the presence of sweat glands and differences in temperature between several body parts.
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Alternative collection methods to collect Anopheles aquasalis and
Anopheles darlingi
Introduction
The collection of An. darlingi and An. aquasalis mosquitoes is most successful by the use of human
landing collections (Turell et al., 2008; Rubio-Palis, 1996). This method is successful, but with risks for
the human bait because of exposure to possible infected vectors and therefore it has become less
accepted on ethical grounds. Alternative collecting methods have to be found. Many studies have
been conducted to compare different mosquito collection methods (Kline, 2002; Mboera et al., 2000;
Laubach et al., 2001). Kline (2006) shows an overview of, among others, evaluations of mosquito
traps. Few of these comparative studies have been conducted with An. darlingi and An. aquasalis,
except for, for example, Laubach et al.(2001). In the study described here, different collection
methods were tested for their efficiency in collecting An. darlingi and An. aquasalis and compared to
the conventional human landing collections for the first time in Suriname.
Reeves (1953) found carbon dioxide to be attractive to different mosquito species, but he did not
test the attractiveness for anopheline species. Later carbon dioxide was found attractive to different
anopheline species (Constantini et al., 1996), but no information about the attractiveness for
Anopheles darlingi was found in the literature. Anopheles aquasalis was found to be attracted by
carbon dioxide in combination with a UV light trap in Venezuela (Rubio-Palis, 1996). Because it is
likely that An. darlingi is attracted by carbon dioxide too it was used as bait in this study. Besides
carbon dioxide, sleeping persons protected by a non-impregnated mosquito net were also used as
bait. The following collection methods were used and compared to human landing collections: The
CDC Miniature Light Trap with and without the light baited with carbon dioxide, the CDC Miniature
Light Trap with and without the light baited with a sleeper protected by a non-impregnated mosquito
net, the BG Sentinel Mosquito Trap baited with carbon dioxide, the BG Sentinel Mosquito Trap baited
with a sleeper protected by a non-impregnated mosquito net, the Mosquito Magnet ® Liberty Plus
Mosquito Trap not baited with octenol and a non-impregnated mosquito net trap baited with a
sleeper.
The CDC Miniature Light Trap and BG Sentinel were shown to have promising results in collecting
anopheline mosquitoes. For example Faye et al. (1992) in Senegal (CDC), Davis et al., (1995) in
Tanzania (combination of CDC light trap and mosquito net) and Schmied et al. (2008) in Tanzania
(found the BG Sentinel to have high potential for field trials when baited with human foot odour).
The Mosquito Magnet ® Liberty Plus is a propane-powered trap in which propane is converted into
carbon dioxide. Kline (2002) shows that propane-powered traps show good results and are easy in
use, because no extra source of carbon dioxide and related materials are needed. Different versions
of a self designed mosquito net trap have been tested by H. Hiwat, but all were unsuccessful. A new
design was made and tested by the authors.
In the search for the best collection method to replace the conventional human landing collections,
it is important to keep in mind the purpose of the study the alternative collection method will be
used in. When the alternative collection method is used in order to collect as many mosquitoes as
possible within a certain time period, for example when bioassays will be conducted, an alternative
collection method has to be chosen with the highest amount of collected mosquitoes and the
mosquitoes have to stay alive during collecting. When the purpose of the study which uses an
alternative collection method is to determine, for example, the species composition and the feeding
behaviour over time between indoor, peridomestic and outdoor areas, like Rodriguez et al. (2009)
did in Colombia, the used alternative collection method should have a correlation with the human
landing collection with respect to the amount and composition of collected mosquitoes per time
period. When only the population composition of the total amount of collected mosquitoes is of
importance, no correlation over time between human landing collection and the alternative
collection method is needed. The compositions of the populations at the end of the surveys with the
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alternative method and the human landing collection however, have to be the comparable. To find a
good alternative collection method for this kind of studies, the compositions of the total populations
collected with human landing collection and alternative collection methods have to be compared. In
the current study such a comparison was not made because of limited time.

18

Material and methods
In the period from May the 5th 2009 until May the 21st 2009 different collection methods were
tested for their effectiveness in collecting An. aquasalis and compared to the conventional human
landing collections. For An. darlingi this was done from April the 14th 2009 until April the 26th 2009
and from May the 26th 2009 until June the 7th 2009.
Anopheles aquasalis
An. aquasalis appeared to have a biting peak in Paramaribo between 19:00 and 19:30. Before and
after this biting peak almost no An. aquasalis mosquitoes can be found (personal experience). The
collections were executed between 18:45 and 19:45 to include this biting peak. The collections were
performed at Kleinestraat, ressort Blauwgrond, Paramaribo. Four locations were used, with at least
50 meter in between to prevent interference. The locations were chosen to be as less windy as
possible. The collection methods were operated by the persons who also did the human landing
collections, they are all technicians of the Entomology Department, Bureau of Public Health (BOG).
Due to local logistics it was not possible to test the methods CDC Light Trap with and without light +
mosquito net, mosquito net trap and BG Sentinel Mosquito Trap + mosquito net in Paramaribo,
therefore four collection methods were tested for their effectiveness in collecting An. aquasalis and
nine collection methods for collecting An. darlingi. The collection methods were tested in Paramaribo
for four following days using a rotation scheme based on a 4x4 latin square (table 4). This was
repeated for three times with every time three days in between. Every next day the collections of the
night before were sorted and counted per collection method. Anopheles mosquitoes were sexed and
identified until species level by technicians of the Entomology Department, Bureau of Public Health
(BOG) , Culex sp. and Aedes sp. mosquitoes were identified until genus level.
Table 4. Rotation scheme used in Paramaribo to collect An. aquasalis

location 1
CDC light trap
without light +
day 1 CO2
BG Sentinel +
day 2 CO2

day 3 HLC
MM Liberty
Plus without
day 4 octenol

location 2
BG Sentinel +
CO2

HLC
MM Liberty
Plus without
octenol
CDC light trap
without light
+ CO2

location 3
MM Liberty
Plus without
octenol
CDC light trap
without light +
CO2

location 4

HLC

BG Sentinel +
CO2

CDC light trap without light
+ CO2

HLC

BG Sentinel + CO2

MM Liberty Plus without
octenol

Collection methods
• CDC Miniature Light Trap, without the light, baited with carbon dioxide
The CDC Miniature Light Trap is designed to hang and it was placed at approximately 1.0 meter
height at every location. Because of the high amount of insects of no importance attracted by the
CDC Miniature Light Trap, the light was removed. The CDC Miniature Light Trap uses a 6 Volt battery.
Carbon dioxide was used as bait and obtained from a gas cylinder. Using a pressure regulator
(Concoa, model CGA 320) and a flow meter (Brooks, model 1355) a constant flow of approximately
500 cc carbon dioxide per minute was obtained. Using tubes, the carbon dioxide was released next to
the entrance of the trap.
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• BG SentinelTM Mosquito Trap, baited with carbon dioxide
The BG Sentinel uses a 12 Volt battery. A constant flow of carbon dioxide of approximately 500 cc per
minute was used as bait, obtained as described with the CDC Miniature Light Trap baited with carbon
dioxide. Using tubes, the carbon dioxide was released at the top, on the side of the trap.
• Mosquito Magnet ® Liberty Plus, not baited with octenol
The Mosquito Magnet ® Liberty Plus converts propane into carbon dioxide. With a flow of 500 cc per
minute this carbon dioxide is used as bait. The Mosquito Magnet ® Liberty Plus comes with octenol as
bait too, but in this experiment the octenol was not used because the other collection methods had
also no bait besides carbon dioxide. To make it possible to connect the Mosquito Magnet ® Liberty
Plus to the used propane cylinder, another connector had to be constructed onto the trap.
• Human Landing Collection (HLC)
The human landing collection was executed by two collectors. During the whole testing period they
caught the mosquitoes that landed on their exposed lower legs using an aspirator. Four collectors
were active during the different testing days, they collected in different combinations of two.
Because chemical cues of individual people have shown to differ in attractiveness for at least three
mosquito species (Knols, 1995), two collectors were used and the mean amount of collected
mosquitoes per day was calculated.
Anopheles darlingi
The collections were executed in Palumeu, an Amerindian village in the south of Suriname. This
location was chosen because of the high density of An. darlingi mosquitoes, compared to other
villages in the interior zone (personal communication H. Hiwat). According to experience of previous
collections, An. darlingi mosquitoes in Palumeu start to bite from 21:00. Between 1:00 and 2:00 the
mosquitoes show a peak in biting activity, after which the biting rate starts to decrease (unpublished
data H. Hiwat). Therefore the collections were executed between 21:00 and 3:00.
The houses in Palumeu are build on stilts, under the houses people live during the day. The
collection methods were positioned underneath six houses, with exception of one house. This house
had no space underneath, the collection methods were positioned next to or at the balcony of this
house. The selected houses were positioned more than 50 meters apart to prevent interference. The
collection methods were operated by the authors, the human landing collections were conducted by
technicians of the Entomology Department, Bureau of Public Health (BOG) and trained local
residents.
The collection methods were tested for six following days using a rotation scheme based on a 6x6
latin square (table 5). This was repeated for four times. The tests were conducted in two collection
periods with one month in between. During both collection periods the rotation scheme was
performed two times with one day in between. Every next day the collections of the night before
were sorted and counted per collection method. Anopheles mosquitoes were sexed and identified
until species level by technicians of the Entomology Department, Bureau of Public Health (BOG),
Culex sp. and Aedes sp. mosquitoes were identified until genus level.
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Table 5. Rotation scheme used in Palumeu to collect An. darlingi

location 1
day 1

CDC Light
Trap with/
without
light +
mosquito
net

location
2

location
3

location
4

CDC Light
Trap with/
without light
+ CO2

Mosquito
Magnet
Liberty Plus
without
octenol

Mosquito net
trap / BG
Sentinel +
mosquito net

mosquito net
trap / BG
Sentinel +
mosquito net

BG Sentinel +
CO2

HLC

HLC

CDC Light
Trap with/
without light
+ CO2

CDC Light
Trap with/
without light
+ mosquito
net

day 2

day 3

day 4

CDC Light
Trap with/
without
light + CO2
Mosquito
Magnet
Liberty
Plus
without
octenol
Mosquito
net trap /
BG
Sentinel +
mosquito
net

day 5

HLC
day 6
BG
Sentinel +
CO2

BG Sentinel +
CO2
CDC Light
Trap with/
without light
+ mosquito
net
Magnet
Mosquito
Liberty Plus
without
octenol

Mosquito net
trap / BG
Sentinel +
mosquito net
CDC Light
Trap with/
without light
+ mosquito
net

location
6

HLC
CDC Light
Trap with/
without light
+ mosquito
net

BG Sentinel +
CO2
Mosquito
Magnet
Liberty Plus
without
octenol

BG Sentinel +
CO2

Mosquito net
trap / BG
Sentinel +
mosquito net
CDC Light
Trap with/
without light
+ mosquito
net

BG Sentinel +
CO2

CDC Light
Trap with/
without light
+ CO2
Mosquito
Magnet
Liberty Plus
without
octenol

CDC Light
Trap with/
without light
+ CO2

CDC Light
Trap with/
without light
+ CO2

Mosquito net
trap / BG
Sentinel +
mosquito net

HLC

MM Liberty
Plus without
octenol

HLC

location
5

Collection methods
• CDC Miniature Light Trap, with and without the light, baited with carbon dioxide
The CDC Miniature Light Trap was placed at approximately 1.5 meter height at every location. During
the first testing period, the light of the CDC Miniature Light Trap was used as normal. During the
second testing period the light was removed because of the high amount of attracted insects of no
interest. Carbon dioxide was used as bait, similar to the CDC Miniature Light Trap baited with carbon
dioxide to collect An. aquasalis mosquitoes, as described above.
•

CDC Miniature Light Trap, with and without light, baited with a sleeper protected by a nonimpregnated mosquito net
The CDC Miniature Light Trap was placed close to a mosquito net at approximately 1.5 meter height.
Inside the mosquito net the bait, a local male resident of 21 years old, was sleeping in a hammock.
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During the first testing period the light of the CDC Miniature Light Trap was used; during the second
testing period the light was removed.
• BG SentinelTM Mosquito Trap, baited with carbon dioxide
The BG Sentinel Mosquito Trap baited with carbon dioxide to collect An. darlingi was used in the
same way as to collect An. aquasalis, as described above.
• BG Sentinel Mosquito Trap, baited with a sleeper protected by a non-impregnated mosquito net
Two BG Sentinel Mosquito Traps were placed besides and close to a mosquito net. One BG Sentinel
Mosquito Trap at the head side, one at the feet side. Inside the mosquito net the bait, a local male
resident of 29 years old, was sleeping in a hammock. This collection method was only tested during
the second testing period.
• Mosquito Magnet ® Liberty Plus, not baited with octenol
The Mosquito Magnet ® Liberty Plus to collect An. darlingi is used the same as to collect An.
aquasalis, as described above. To make it possible to connect the Mosquito Magnet ® Liberty Plus to
the used propane cylinder, an adapter had to be constructed onto the trap. This adapter was not
available during the first period of testing, so the Mosquito Magnet ® Liberty Plus was only used
during the second period of testing.
• Mosquito net trap
A mosquito net trap was designed by the authors (figure 3). A standard non-impregnated mosquito
net with a part of the trap sections was made by a sewer, most of the trap sections was made by one
of the authors. The mosquito net was made of cotton cloth. The trap section was positioned at the
bottom of the mosquito net and was made of gauze (figure 4). The bait of the mosquito net trap was
a local male resident of 29 year old who was sleeping in a hammock inside the mosquito net trap.

Figure 3. Mosquito net trap. Sizes are averages of the sizes of the whole mosquito net trap.
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Figure 4. Mosquito net trap, detail. Sizes are averages of the sizes of the whole mosquito net trap.

To get the closest to the bait as possible, the mosquitoes could fly through one of the entrances of
the trap (one at the side of the head, one at the side of the feet). The entrances were positioned at
the bottom of the mosquito net, because Surinamese people sleeping in a hammock are mostly
bitten in their back, right through the hammock (personal communication H. Hiwat). The trap was
funnel shaped, which made it difficult for the mosquitoes to escape. At the two sides of every trap
section a sleeve was made, to make it possible to collect the caught mosquitoes. To make the trap
hang in the right position, PVC tubes were sewed in the trap. Rope was used to close the entrances
before and after the testing hours.
• Human Landing Collection (HLC)
The human landing collection to collect An. darlingi was performed like to collect An. aquasalis, as
described above. Eight collectors were active during the different testing days, they collected in
different combinations of two.
Statistical analysis
Chi-square test were used to test for significant differences within and between periods per
collection method. A Ln+1 transformation of results was used in a Generalized Linear Model to test
for significant differences in total collected An. aquasalis and An. darlingi mosquitoes between
collection methods. In this Generalized Linear Model a Wald Chi-Square test was done to test if
temperature, relative humidity, rainfall and locations were influencing the obtained results. Ranking
of the data and Spearman’s rho tests were used to test the correlation between alternative collection
methods and the conventional human landing collection.
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Results
Anopheles aquasalis
Five times the data of different collection methods were not usable because of flat batteries, a trap
that was not functioning well and human mistakes. In table 6 the number of collected mosquitoes
and number of collection days per collection method are shown
Table 6. Number of collection days per collection method and collected An. aquasalis mosquitoes per collection method.

collection days
BG SentinelTM Mosquito Trap +
CO2
CDC Miniature Light Trap
without light
+ CO2
Mosquito Magnet® Liberty
Plus
HLC

10

# collected An. aquasalis
mosquitoes
39

12

38

9

92

12

519

Mean # An. aquasalis mosquitoes per day

A small part of the mosquitoes collected during the human landing collection was not identified
until species level, but during the whole collection period no other Anopheles mosquitoes than An.
aquasalis were found. No significant differences in total collected An. aquasalis mosquitoes were
found per collection method between periods (all P>0.05, Chi-square tests, α=0.05), so per collection
method the results of periods were summed (figure 5). A Ln +1 transformation was performed on the
results to be able to use a Generalized Linear Model. The significant differences in total collected An.
aquasalis mosquitoes were found between the human landing collection and all three other
collection methods (for all three combinations: P=0.000, Pairwise Comparisons, α=0.05). Between BG
Sentinel + CO2, CDC Light Trap without light + CO2 and Mosquito Magnet Liberty Plus no significant
differences in total collected An. aquasalis mosquitoes were found (for all combinations: P>0.05,
Pairwise
Comparisons,
α=0.05).

50
45
40
35
30
25
20
15
10
5
0

b

a
a

BG SentinelTM
+ CO2

a

CDC
light trap

Mosquito Magnet®

Human Landing

Liberty Plus

Collection

without light
+ CO2

Figure 5. Collected An. aquasalis mosquitoes per collection method. The bars indicate the mean amount of collected female
An. aquasalis individuals per day. Columns with identical letters are not significantly different based on Pairwise
Comparisons with α=0.05.
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Relative humidity and location were not influencing the obtained results (P>0.05, Wald Chi-square,
α=0.05). Temperature was influencing the obtained results (P=0.046, Wald Chi-square, α=0.05).
Rainfall data were not available. By ranking the results and using Spearman’s rho test, it was found
that the total An. aquasalis mosquitoes collected per day with the BG Sentinel + CO2, the CDC Light
Trap without light + CO2 as well as with the Mosquito Magnet Liberty Plus are not correlated with
the total An. aquasalis mosquitoes collected per day during the human landing collection (figure 6).
90
80

# female An. aquasalis

70
60
BG Sentineltm + CO2

50

CDC Light Trap without light + CO2
Mosquito Magnet® Liberty Plus

40

Human Landing Collection
30
20
10
0
0

1

2

3

4

5

6

7

8

9

10 11 12

experimental day
Figure 6. Collected An. aquasalis mosquitoes per day per collection method. Missing values are due to unusable data.

Culex and Aedes mosquitoes were also count, but not sexed and only identified until genus level.
Table 7 gives the numbers of collected Culex sp. and Aedes sp. mosquitoes.
Table 7. Total collected Culex sp. and Aedes sp. mosquitoes.

Collection
method
BG SentinelTM
Mosquito Trap
+ CO2
CDC Miniature
Light Trap +
CO2
Mosquito
Magnet
®Liberty Plus
HLC

# collection
days
10

# Culex sp. mosquitoes

# Aedes sp. mosquitoes

6164

1

12

3146

1

9

796

0

12

1064.5

1.5
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Anopheles darlingi
Fourteen times the data of different collection methods were not usable because of flat batteries, a
trap that was not functioning well, low flow of carbon dioxide, displaced carbon dioxide tubes,
shortened collection period because of local circumstances and human mistakes. In table 8 the
number of collected mosquitoes and number of collection days per collection method are shown.
Table 8. Number of collection days per collection method and collected An. darlingi mosquitoes per collection method.

CDC Miniature Light
Trap with light +
mosquito net
CDC Miniature Light
Trap without light +
mosquito net
CDC Miniature Light
Trap with light + CO2
CDC Miniature Light
Trap without light + CO2
Mosquito Magnet®
Liberty Plus without
octenol
HLC
HLC
BG SentinelTM Mosquito
Trap + CO2
BG SentinelTM Mosquito
Trap + CO2
BG SentinelTM Mosquito
Trap + mosquito net
Mosquito net trap

Testing period

# collection days

1

10

# collected An. darlingi
mosquitoes
9

2

12

16

1

8

9

2

11

8

2

12

41

1
2
1

11
12
9

86
186
23

2

12

76

2

10

60

1

12

0

The two collection periods both consisted of two times six days. No significant differences in total
collected An. darlingi mosquitoes were found per collection method within the collection periods (all
P>0.05, Chi-square tests, α=0.05). Per collection method the results within collection periods were
summed (figure 7 and 8). Because the mosquito net trap did not collect any mosquitoes it is not
further included in the results. A Ln+1 transformation was performed on the results of period 1 and
2 to be able to use a Generalized Linear Model. In period 1 significant differences in total collected
An. darlingi mosquitoes were only found between the human landing collection and all three other
traps (for all three combinations: P=0.000, Pairwise Comparisons, α=0.05). Between CDC Light Trap
with light + mosquito net, CDC Light Trap with light + CO2 and BG Sentinel™ + CO2 no significant
differences in total collected An. darlingi mosquitoes were found (all combinations: P>0.05, Pairwise
Comparisons, α=0.05).
In period 2 significant differences in total collected An. darlingi mosquitoes were found between
the human landing collection and all other traps (for all combinations: P=0.000, Pairwise
Comparisons, α=0.05) and between the collection methods Mosquito Magnet Liberty Plus, BG
SentinelTM + CO2 and BG SentinelTM + mosquito net compared to the collection methods CDC Light
Trap without light + mosquito net and CDC Light Trap without light + CO2 (all combinations: P<0.05,
Pairwise Comparisons, α=0.05). See table 9 and 10.
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Mean # An. darlingi mosquitoes per day

period 1
period 2

18
16
14
12
10
8
6
4
2
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light
trap
light
trap
light trap
Magnet® Landing Sentinel SentinelTM
without
without
Liberty Collection
+
+
with
with
light +
light +
Plus
mosquito
light +
light +
CO2
net
CO2
mosquito mosquito
CO2
net
net

Mean # An. darlingi mosquitoes per day

Figure 7. Collected An. darlingi mosquitoes per collection method. The bars indicate the mean amount of collected female
An. darlingi individuals per day. Columns with identical letters in the same colour are not significantly different based on
Pairwise Comparisons, α=0.05.
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7
6
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with
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mosquito
net
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CO2

a

CDC
light trap
without
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CO2

Mosquito
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Magnet® SentinelTM
Liberty
+
Plus
CO2

BG
SentinelTM
+
mosquito
net

Figure 8. Collected An. darlingi mosquitoes per collection method, the human landing collection not included. The bars
indicate the mean amount of collected female An. darlingi individuals per day. Columns with identical letters in the same
colour are not significantly different based on Pairwise Comparisons, α=0.05.
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Table 9. Comparisons of collection methods tested in period 1 (Pairwise Comparisons, α=0.05)

CDC Miniature
Light Trap with
light +
mosquito net
CDC Miniature
Light Trap with
light + CO2
HLC
BG SentinelTM
Mosquito Trap
+ CO2

CDC Miniature Light
Trap with light +
mosquito net
-

CDC Miniature
Light Trap with
light +CO2
P=0.885

HLC

P=0.000

BG SentinelTM
Mosquito Trap
+CO2
P=0.157

-

P=0.000

P=0.232

-

P=0.000
-

Table 10. Comparisons of collection methods tested in period 2 (Pairwise Comparisons, α=0.05)

CDC
Miniature
Light Trap
without
light +
mosquito
net
CDC
Miniature
Light Trap
without
light + CO2
Mosquito
Magnet®
Liberty Plus
BG
SentinelTM
Mosquito
Trap+
mosquito
net
HLC
BG
SentinelTM
Mosquito
Trap + CO2

CDC
Miniature
Light Trap
without light
+ mosquito
net
-

CDC
Miniature
Light Trap
without
light + CO2

Mosquito
Magnet®
Liberty Plus

BG
SentinelTM
Mosquito
Trap +
CO2

P=0.049

BG
HLC
SentinelTM
Mosquito
Trap
+mosquito
net
P=0.001
P=0.000

P=0.811

-

P=0.031

P=0.000

P=0.000

P=0.000

-

P=0.126

P=0.000

P=0.060

-

P=0.000

P=0.793

-

P=0.000
-
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P=0.000

Temperature and rainfall were not influencing the results obtained in period 1 (both P>0.05, Wald
Chi-square tests, α=0.05). Temperature was not of influence on the obtained results of period 2
(P>0.05, Wald Chi-square, α=0.05). But relative humidity and the locations were of influence on the
obtained results of period 1 (both P<0.05, Wald Chi-square, α=0.05) and relative humidity, rainfall
and the locations were influencing the results obtained in period 2 (all P<0,05, Wald Chi-square,
α=0.05). By ranking the results and using Spearman’s rho test, it was found that the total An. darlingi
mosquitoes collected per day with the CDC Light Trap with and without light + CO2, the CDC Light
Trap with and without light + mosquito net, the BG Sentinel + CO2, the BG Sentinel + mosquito net as
well as the Mosquito Magnet Liberty Plus are not correlated with the total An. darlingi mosquitoes
collected per day during the human landing collection (figure 9 and 10).
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Figure 9. Collected An. darlingi mosquitoes per day per collection method in period 1. Missing values are due to unusable
data.
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Figure 10. Collected An. darlingi mosquitoes per day per collection method in period 2. Missing values are due to unusable
data.
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Culex and Aedes mosquitoes were also count, but not sexed and only identified until genus level.
Table 10 gives the numbers of collected Culex sp. and Aedes sp. mosquitoes.
Table 10. Number of collection days and number of collected Culex sp. and Aedes sp. mosquitoes.

CDC Miniatuer Light
Trap with light +
mosquito net
CDC Miniature Light
Trap without light +
mosquito net
CDC Miniature Light
Trap with light +
CO2
CDC Miniature Light
Trap without light +
CO2
Mosquito Magnet®
Liberty Plus without
octenol
HLC
HLC
BG SentinelTM
Mosquito Trap +
CO2
BG SentinelTM
Mosquito Trap +
CO2
BG SentinelTM
Mosquito Trap +
mosquito net
Mosquito net trap

Testing period

# collection days
10

# Culex sp.
mosquitoes
93

# Aedes sp.
mosquitoes
2

1

2

12

105

0

1

8

62

0

2

11

119

1

2

12

44

0

1
2
1

11
12
9

512.5
272.5
414

0
0
0

2

12

472

0

2

10

385

1

12

0

30

0

Discussion
Using other collection methods to collect mosquitoes as an alternative to the conventional human
landing collections will be necessary in the future because of reduced acceptance on ethical grounds
of the exposure of catchers to possible infected mosquitoes. Adequate alternative collection
methods are hard to find and can give problems in use and transport especially when carbon dioxide
is used as bait. The use of propane powered traps and the use of protected sleeping persons as bait
however may be a promising alternative to carbon dioxide gas cylinders and dry ice. Besides the
reduction of risk of infection, other advantages of using traps in stead of human landing collections
can be the lower costs and the more constant collections because no problems will occur with flat
flashlight batteries, disturbances or human errors. Also the endurance of traps can be an advantage,
for example the Mosquito Magnet Liberty Plus which can function for weeks without need for new
batteries or propane.
From the alternative collection methods tested in this study, no method collected as many An.
aquasalis or An. darlingi mosquitoes as the human landing collection did. Between the three
alternative collection methods tested to collect An. aquasalis (BG Sentinel Mosquito Trap + carbon
dioxide, CDC Light Trap without light + carbon dioxide and Mosquito Magnet Liberty Plus without
octenol) no significant differences in total collected An. aquasalis mosquitoes were found. So it can
not be said that one of these three collection methods is the best alternative to the human landing
collection when as many An. aquasalis mosquitoes as possible need to be collected. Seven tested
collection methods that collected An. darlingi mosquitoes (CDC Light Trap with and without light +
carbon dioxide, CDC Light Trap with and without light + mosquito net, BG Sentinel + carbon dioxide,
BG Sentinel + mosquito net and Mosquito Magnet Liberty Plus without octenol) showed differences
in efficiency. Looking at the first testing period, the CDC Light Trap with light + mosquito net, the CDC
Light Trap with light + carbon dioxide and the BG Sentinel + carbon dioxide showed no significant
differences in collecting as many An. darlingi mosquitoes as possible. Looking at the second testing
period, the BG Sentinel Mosquito Trap baited with carbon dioxide or with a protected sleeping
person and the Mosquito Magnet Liberty Plus without octenol collected significantly more An.
darlingi mosquitoes than the two differently baited CDC Miniature Light Traps without light.
Data from period 2 suggests that, when as many An. darlingi mosquitoes as possible need to be
collected, the Mosquito Magnet Liberty Plus without octenol and BG Sentinel Mosquito Trap baited
with carbon dioxide or a protected sleeping person are better alternative collection methods than
the CDC Miniature Light Trap without light baited with carbon dioxide or a protected sleeping
person. As carbon dioxide and propane can be hard to obtain and transport in the field, the BG
Sentinel Mosquito Trap baited with a protected sleeping person may be the most workable
alternative.
None of the tested alternative collection methods in the current study showed a correlation with
the human landing collection with respect to the amount of collected An. aquasalis or An. darlingi
mosquitoes per day. It can, therefore, not be said that one of these collection methods is the best
alternative to the human landing collection in studies were the same patterns in collected An.
aquasalis or An. darlingi mosquitoes as with the human landing collection are needed. A comparable
study executed in Tanzania however, showed CDC Miniature Light Traps with a protected sleeping
person as bait when used in combination with human landing collections to be adequate for
measuring the feeding behaviour and sporozoite rate of An. gambiae and An. funestus (Davis et al.,
1995). Even though these results are only valid for An. gambiae and An. funestus in that particular
area, it may be worthwhile to continue the research on An. aquasalis and An. darlingi when adding
tests on parity and sporozoite detection. In further research attention should be paid to the
organization of the human landing collection. The human landing collections during the current study
were performed by different combinations of two out of four catchers to collect An. aquasalis and by
different combinations of two out of eight catchers to collect An. darlingi. The amount of mosquitoes
collected per day by the human landing collection was divided by two to work with a mean amount
of collected mosquitoes by one catcher. In this way a approach was made to lose the influence of
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different levels of attractiveness of different catchers. But because of the different combinations of
catchers and because, especially in Palumeu, not al the catchers were working the same number of
days, there can still be a difference in attractiveness of the “mean catcher” and so in efficiency of
collecting mosquitoes between testing days. On the other side, using only the same two catchers
during the whole experiment, which was not possible for the current study, would result in a
conclusion that would only be valid when those exact two catchers perform the human landing
collection.
Drawing conclusions it must be taken into account that two persons were performing the
alternative collection methods experiments, therefore it was not possible to turn on and turn off the
different collection methods at exactly the same time. This may have led to some deviations in
numbers of collected mosquitoes. In addition, while closing the collection bags of the BG Sentinel
Mosquito Trap and the Mosquito Magnet Liberty Plus mosquitoes can escape which may also have
led to some deviations in numbers of collected mosquitoes. Also uncontrollable conditions occurred
during both testing periods in Palumeu. Therefore it was not possible to place the collection methods
every day at exact the same position under the houses and is it not known if, during the first testing
period, the sleeping persons acting as bait were every day present at their hammock during the
whole six hours they were suppose to be there. Also during the first testing period, the human
landing collections finished every day on average 15 minutes before the set end time. These
uncontrollable conditions could all have led to deviations in numbers of collected mosquitoes. Other
uncontrollable conditions were also influencing the obtained results. In Paramaribo only temperature
was significantly influencing the results, but in Palumeu relative humidity in period 1 and relative
humidity and rainfall in period 2 were influencing the numbers of collected mosquitoes. But
important to notice is that the temperature and relative humidity were only measured at the
location were the human landing collection was situated that night. Even though a latin square was
used to prevent deviations because of the different locations used, in Palumeu during both periods
the locations were having an influence on the numbers of collected mosquitoes. This may be caused
by the fourteen times that data of different collection methods was unusable because of flat
batteries, a carbon dioxide flow that was too low, a displaced carbon dioxide tube, et cetera. All
these influences on the collected numbers of mosquitoes make the shown results less reliable than
was hoped for.
The Mosquito Magnet Liberty Plus produces a flow of 500 cc carbon dioxide per minute. Therefore
during this study the flow of the other carbon dioxide baited traps (CDC Miniature Light Trap and BG
Sentinel Mosquito Trap) was also set at 500 cc carbon dioxide per minute. While interpreting the
results this should be taken into account, because it is not known from literature what the most
attractive flow of carbon dioxide to An. darlingi and An. aquasalis is. So it is possible that the used
flow of carbon dioxide is not optimal to attract An. aquasalis and An. darlingi mosquitoes. Finally, for
most of the collection methods the results of one or more experimental days were useless due to,
among others, flat batteries, open collection sacks and loose tubes. Therefore the number of days on
which useful results have been obtained, is not equal for all collection methods. This makes the
comparison between the collection methods somewhat inaccurate.
Besides anopheline mosquitoes, Culex sp. and Aedes sp. mosquitoes were also collected during the
current study. To collect as many Culex sp. mosquitoes as possible in Paramaribo the BG Sentinel
Mosquito Trap and the CDC Miniature Light Trap both with carbon dioxide as bait, may be more
efficient than the human landing collection. To collect as many Culex sp. mosquitoes as possible in
Palumeu, the BG Sentinel Mosquito Trap with carbon dioxide as bait may be a good alternative to the
human landing collection. It should be noted here that the collected Culex mosquitoes were not
sexed nor identified until species level.
During this study it was found that some collection methods were less easy in use than others. The
BG Sentinel Mosquito Trap and the CDC Miniature Light Trap were used in combination with
batteries of 12 Volt, these batteries had to be charged every two days, this can be a problem when
working in the field. Also, the BG Sentinel Mosquito Trap and the Mosquito Magnet Liberty Plus catch
the mosquitoes in a collection sack, these collection sacks are difficult to close without having
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mosquitoes that fly away. The use of CO2 as a bait can also cause problems. During this study large
and heavy gas cylinders were used, which were impractical to move to the right location.
This study suggests that the BG Sentinel Mosquito Trap with carbon dioxide or with a protected
sleeping person used as bait is, compared to the other in this study tested collection methods, the
best method as alternative to the conventional human landing collection to collect as many An.
darlingi mosquitoes as possible. Because no alternative collection method is found that collects as
many mosquitoes as the human landing collection, the research should be continued. Further
research towards finding an alternative collection method can include different traps and different
combinations of traps and baits. Also testing odour baited collection methods may be successful
(Schmied et al., 2008). When in further research carbon dioxide is used as bait, it may be worthwhile
to first determine the optimal flow of carbon dioxide to attract An. aquasalis or An. darlingi
mosquitoes.
In this study no correlation was found between any of the tested collection methods compared to
the human landing collection with respect to the amount of collected An. aquasalis or An. darlingi
mosquitoes per day and so none of the tested methods is suggested to be a good alternative to the
human landing collection to find specific patterns in the collected population. In further research also
different collection methods can be tested, hourly collection can be done in stead of six hourly and
tests can be added on parity and sporozoite rate. The results of this research will be more useful
because it will give information about the hourly population composition and size too in stead of the
population size after six hours only. These results will also be useful to find an alternative collection
method to collect a population with the same composition as the human landing collection does over
a certain time period.
This study draws very tentative conclusions about collecting Culex sp. mosquitoes. The BG Sentinel
Mosquito Trap and the CDC Miniature Light Trap, both baited with carbon dioxide, may be more
efficient than the human landing collection in collecting as many Culex sp. mosquitoes as possible in
Paramaribo. The BG Sentinel Mosquito Trap baited with carbon dioxide may be a good alternative to
the human landing collection to collect as many Culex sp. mosquitoes as possible in Palumeu. Further
research is needed to get more information about the species and sex of the mosquitoes collected by
these methods.
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The cultivation of Anopheles aquasalis
Introduction
The cultivation of mosquitoes in laboratories, especially of species responsible for the transmission
of diseases, has an important scientific value since it provides opportunities to study the mosquitoes
under controlled conditions and in areas where the mosquitoes do not occur naturally. A well
established mosquito rearing ensures a continual yield of mosquitoes usable for research. With
colonies like the An. gambiae colony at Wageningen University and Research Centre, The
Netherlands many important studies have been executed in a broad range of topics.
In the study described here a small scale attempt was made to cultivate An. aquasalis. The main
use of this rearing would be to provide mosquitoes to perform bioassays on resistance to insecticides
and on the effectiveness of impregnated mosquito nets after a period of usage, including washing of
the nets. Impregnated bed nets are used in Suriname since 2006 and much work remains to be done
to determine their long-term effectiveness.
Many problems have been known to arise during the startup of a mosquito rearing. Low humidity
and tap water with too high metal concentrations may prevent a successful rearing (personal
communication L. Westerd). Other problems include difficulties with blood feeding the mosquitoes,
the absence of mating behavior (personal communication B. Knols) and the absence of oviposition
(Da Silva et al., 2006).
An important factor that should be taken into account is that An. aquasalis, unlike most other
Anopheles species, usually breeds in brackish water (Berti et al., 1993). While a study by Osborn et al.
in Venezuela (2006) showed that An. aquasalis could be cultivated at different salt concentrations
and also in fresh water and that less eggs hatched in higher salt concentrations, no study of this kind
has been executed for An. aquasalis in Suriname. Since different populations of An. aquasalis have
shown different preferences concerning the salt concentration of the oviposition water (Osborn et
al., 2006), An. aquasalis mosquitoes were provided in this study with both fresh water and water
with a low salt concentration for oviposition to test which type of water was preferred.
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Material and methods
Female Anopheles aquasalis mosquitoes were collected in Paramaribo during the human landing
collections in the alternative collection methods experiments. It was expected that some of those
mosquitoes would be carrying fertilized eggs that could act as a source for the establishment of a
colony. The next day they were placed in 30 cm cubic metal cages (BioQuip products) placed in a
clean room with windows providing daylight but no direct sunlight. No artificial light was used.
Several trays filled with water were placed on the floor of the room to increase the humidity.
Depending on the number of mosquitoes caught on the previous day that were still alive, 5-50
mosquitoes were placed in each cage. Mosquitoes have been released into the cage on eight
different days during a seven-week period.
A small bottle with a solution of glucose-monohydrate in water (60 g/l) with a piece of rolled up
filter paper in it was placed in the middle of the mosquito cages to provide food and water. Water
moistened pieces of cotton wool were placed on top of the cages to provide an additional water
source. For one cage tap water was used while for the other cage bottled mineral water was used.
Furthermore, two bowls (diameter 8 cm) with a funnel-shaped filter paper in it were placed in each
cage and filled with water to provide the mosquitoes with oviposition sites. Several types of water
were provided for oviposition to increase the chance of successful cultivation. For one cage normal
tap water and a solution of kitchen salt in tap water (3.5 g/l) were used. while in the other cage
mineral water and a solution of kitchen salt in mineral water (3.5 g/l) were used. Mosquitoes were
offered a human arm to feed on four to five times per week. The cages, water bottles and oviposition
bowls were cleaned regularly.
When eggs were laid in the oviposition bowls they were placed in larval trays (16x11x6 cm) filled
with water. Again, different types of water were used to increase the chance of success: tap water
and mineral water and solutions of salt in tap water and mineral water (3.5 g/l). Larvae were fed daily
on Liquifry© (first and second instar larvae) and on Tetramin baby© (third instar larvae and older).
The pupae were placed in emergence-cups filled with the same water the larvae were reared in and
the mosquitoes that emerged were released in the mosquito cages.
In addition to adult mosquitoes, also An. aquasalis larvae were collected in waters near Weg naar
Zee, Paramaribo. They were placed in a larval tray filled with water from the pools they were found
in and reared in the same way as the other larvae.
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Results
In total around 250 mosquitoes have been released into the cages. All female An. aquasalis
mosquitoes placed in the rearing cages died within four days, most of them even within two days. No
mosquitoes were observed drinking the sugar water. Usually 50-75% of the mosquitoes did
bloodfeed on the human arm. No clear differences were observed between the cage with tap water
and the cage with mineral water, however the mosquitoes in the tap water cage seemed to live
slightly longer and bloodfeed slightly more than the mosquitoes in the mineral water cage.
In one occasion eggs were laid in the oviposition bowl with fresh water in the tap water cage. Most
of the eggs had already hatched in the oviposition bowl. The larvae and remaining eggs were
distributed equally in two larval trays: one with fresh tap water and one with salty tap water. In both
larval trays, almost all larvae had died after one day. In each tray only one larva survived. The larva in
the salt water tray died after ten days while the larva in the fresh water tray pupated successfully
into an adult mosquito.
On two occasions larvae were collected in the field. The first time, five An. aquasalis larvae were
collected. They all pupated successfully. The second time, about 12 larvae were collected. Most of
them also pupated successfully.
The lack of male mosquitoes, which were supposed to be cultivated from the larvae, in
combination with the general problem of keeping the adult mosquitoes alive, prevented any
observations on mating behavior. It is unlikely that successful mating has occurred.
Temperature and relative humidity in the rearing room were measured on ten days during the
cultivation period, usually between 9:00 and 10:00. The mean temperature was 26.0 ⁰C and the
mean relative humidity was 66%.
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Discussion
While the main goal, setting up an Anopheles aquasalis colony, was not established during the
research period, some aspects of the rearing were successful. Most of the mosquitoes took a blood
meal on a human arm within minutes after it was placed into the cage. Furthermore, eggs were
successfully laid on one occasion and most of those eggs did hatch. Finally, larvae were successfully
raised into adult mosquitoes, including one occasion of a larva hatched in captivity and kept in tap
water.
The major drawback was the fact that all adult mosquitoes died within a few days. No clear reason
for this could be determined. There are however several factors that could have had negative effects
on the longevity of the mosquitoes. First, no mosquito was ever observed feeding on the sugar
water. Possibly the offered food source was too different from the natural situation to be recognized
by the mosquitoes. It is possible that the mosquitoes did feed on the sugar water and the water in
the egg deposition cups at times that no observations have been made, for example during the night.
Furthermore, the humidity in the rearing room was relatively low. During the cultivation period little
rain was falling in Paramaribo, leading to a low relative humidity. Trays filled with water were placed
on the floor of the room to increase the humidity. The room however was not completely secluded
from the outside and when the humidity outside decreased, the relative humidity in the rearing
room also decreased. Finally, used pesticide cylinders were occasionally cleaned within 50 meters of
the rearing room by the BOG Vector Control Department. It is therefore possible that traces of
pesticides were present in the air in the rearing room, which may have had a negative effect on the
survival of the mosquitoes.
Larvae collected in the field and kept in water from their natural habitat were reared to adults
successfully in most cases, which indicates that they were fed appropriately and that they were not
negatively affected by above mentioned factors as low humidity and possibly polluted air. Since
larvae were born in captivity on only one occasion it is difficult to draw any conclusions regarding the
best conditions to rear them. One larva born in captivity and
kept in fresh tap water was successfully reared into an adult mosquito, indicating that it is at least
possible to cultivate the larvae in fresh tap water.
While this study was eventually unsuccessful in cultivating Anopheles aquasalis, obtained
knowledge can be used in future attempts to cultivate the mosquitoes. More research is needed to
determine which factors affect mosquito survival. A more secluded room is recommended to be able
to regulate the humidity and to prevent polluted air from entering the room. An attempt on a bigger
scale may increase the chance to start a successful colony. For that purpose, more female An.
aquasalis or more larvae can be collected in the field. When sufficient numbers of both male and
female mosquitoes are present and can be kept alive, efforts can be directed towards the induction
of mating. It should be noted that more specified conditions may be needed to induce mating,
including exposure to sunlight (Da Silva et al., 2006). Also the type of blood offered to the
mosquitoes may be of importance since An. aquasalis has been successfully cultivated using animal
blood in Brazil (Da Silva et al., 2006) while no data on host preference of An. aquasalis in Suriname
are known.
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General discussion
Malaria in Suriname seems to be more or less under control at the moment, but the chance that
the disease will spread again remains present. Research remains important for the suppression of the
disease and may provide useful information for malaria control in other South American countries
where Anopheles darlingi and Anopheles aquasalis continue to cause major health problems.
While more research is needed this study indicates that An. darlingi is attracted to human legs.
When An. darlingi is indeed attracted to the legs, further studies can be directed towards
determination of the factors causing this attractiveness. Possible factors include odours, temperature
and height above the ground. When more is known about what exactly determines the biting
preference of An. darlingi, this knowledge can be used to improve collection methods for this species
by for example adjusting the height at which traps are placed or using odour baited traps. This in turn
may help in the search for efficient alternative collection methods. This study also provides
information to improve preventive measures since when An. darlingi is attracted to the legs, people
in areas with high An. darlingi densities can cover their legs to decrease the number of bites.
This study has generated insufficient data to draw conclusions on the preferred biting location of
An. aquasalis due to the low percentage of biting mosquitoes and the limited time they showed
biting behaviour. This method should be repeated on a larger scale to get a better insight into the
biting preferences of this species.
To collect high amounts of An. aquasalis or An. darlingi mosquitoes, human landing collections still
seem to be the best option. But when an alternative method to collect as many An. darlingi
mosquitoes as possible have to be chosen, the BG Sentinel Mosquito Trap baited with carbon dioxide
or a protected sleeping person would be the best choice out of the in this study tested collection
methods. Because this study only tested seven alternative collection methods, further research can
include different traps and combinations of traps and baits. Also testing odour baited collection
methods may be successful (Schmied et al., 2008). Further research can also include tests on parity
and sporozoite rate to draw more useful conclusions about the correlation between alternative
collection methods and the human landing collection. This can also contribute to finding an
alternative collection method to collect a population with the same composition as the human
landing collection does over a period of time.
Finding adequate alternative collection methods is necessary to make it possible to continue
behavioural research and monitoring of populations when human landing collections are prohibited.
This research is especially important for vector control programs. It is used in developing new control
programs and in adapting programs to new situations. Alternative collection methods can have the
advantage to function for a long period, to make no human mistakes and using alternative methods
may also result in lower costs.
During the current study setting up an An. aquasalis colony was not achieved because of, besides
others, limited time. Further attempts to set up a colony might be successful. When a stable rearing
is present at the Department of Public Health (BOG), bioassays can be conducted in research to the
effectiveness of impregnated mosquito nets after a period of usage, especially usage by the Maroon
and Amerindian populations in the interior zone of Suriname. Vector control programs can be
optimized with the information obtained in this research. An An. aquasalis rearing would also be
helpful in research on the resistance of vectors to insecticides. Knowledge about resistance is
important to decide if the particular insecticide should still be used or not.
In the fight against malaria, research is executed in many different directions to get more insight in
the disease and its vectors. In this study, two different approaches have been made: one dealing with
the problem of collecting mosquitoes in an efficient way as alternative to the human landing
collection and one about the more fundamental question of preferred biting locations. Furthermore
an attempt was made to start a captive colony of An. aquasalis, which would have facilitated
research to insecticide resistance and the long term usability of mosquito nets.
While not all the goals of this research have been reached, useful information has been obtained
about these important malaria vectors in South America about which relatively few information is
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available. Hopefully this information can be used in further research, leading to improved vector
control methods against malaria in South America.
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