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Population fluctuations of mosquitoes in the non-seasonal tropics
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ABSTRACT, 1, Szasonal and annual fluctvations in sbundance of a number of
species of mosquitoes were studied inoa relatively non-seasonal climaie near

Almirante, Panama.

2. The fuctustions observed were large, but did not have a period of 1 yvear
and should be classified as non-seasonal.
~ 3. At each site the various species were not synchronous in their fluctuation
pattern, but the luctuations of each species ware synchronous over an srea of at
least 4 km long, in spite of large differences in habitat,

4, Changes in shundance from year 1o vear observed in these mosguitoes are
large compared with those of lnsects, including mosquitoes, in other areas of

Panarna.

5. The importance of such large and unpredictable fluctuations in abundancs
For planning contral measures is discussed,

Introdustion

The control of any insect species s made the
easier the more predictable the fluctuations in
aburglance of thal species ex because of
predictable seasonal chanpes in the cnvirob-
ment. There is ample evidence that seasonal
Mucteations in abundance are commonplace
in the tropics (for mefercnces see Wolda,
1978a, 1979), However, almosl all of the
available data from the tropics are from arsas
where distinet ey and wet seasons altérnate
and  wery  lew  studies sre svailable from

relatively  non-seasonal  areas,  Really  non-
seasonal  climates myy not exisl, buat the

weather pattern is some part of Panama ap-
progches that situation rather closely, Sludies
in ong such area, Foruna (Waolda, 1980a;
unnpublished data), show that there iz aclearcut
lendency lowarnls [Nuctuation patterns which
are less seasonal than in parts of the tropics
where predictable dey seasons do occur. This
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is hardly surprising, Howewar, in spice of the
apparent lack of seasonality in the weather
pattern, seversl species of insects, in various
orders, are highly seasonal in their pressnce
as aclive adulls

The seasonality of tropical mosquitoss is
strongly  affected by the availability  of
suitable brreeding siles, which in most localities
i5 correlated with the rainfall patteen (Stand-
fast & Barrow, 1968; Page, 1947 Grjebine er
al,, 19770 Galindo e gf, 1936), In areas,
therefors, where precipitation does not vary
appreciably throughout the wear, one might
expect seazsonal fluctuations in mosgquitoes to
be absent, Some data point in this direction,
The same species which oceur virtually only
during the rainy season a1 Cerro La Wictoria
in Ceniral Panama (Galindo er ol ) 1956),
occur throughout Lhe vear in Almirante, in
NW Panama, where distinet dry seasons do
ol oceur (Trapilo & Galindo, 19370

[n the present paper we analvse collectiong
af mosquitoes made near Almiranle fram
early 1966 through early 1969 and demon-
strate that several species fluctuare widely in
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relatively  mon-scasonal
climate, bur that the fluctuations are moslly
non-seasoanal in character,

abundance n the

Materialz and Methods
The vindy areq

Almirante, at &2° 24 w977 M,oisoa
coaslal town in the Panamanian provinee of
Bocas del Tara, with an anpual rainfall of
2200 mm and no predictable dry sesson,
There are no rainfall records from Almirante
for the study period, but there are from
Chenguinolz, also in the lowlands, some 20 kin
MW of Almirante, and these are pressnred in
Fig. 1. Annual maxima in rainfall tend to
oceur around April and December and minima
around Febroary and Seplember. The lagter
months, however, are far from dry.

In the lowlands near Almiranle the snnual
vgriglion in mean temperature iz small, Ir
renpes from 24°C in December to 262770 in
May (Caballera, 1979) Mcan maximum and
minimm  lemperatures are some 4 oop A
degrees above and below these values respec-
tively and show the same annual variaticn,

Samples of mosquitoes wemre iaken in
variows places around Almirante, The Filo del
Risca is 4 ridge South of Almirante. The other
localities are in the lowlands within 3 miles
WY of Almarante. Patoistown is o waterlrant
seution of the town of Almirante itself. Tucan
1310 a swamp forest, a brackish warer associa-
tion comsisting mostly of “orey” trees (Camp-
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dguzperma ponaniensis), Weatherhborn iz in o a
awampy palm forest which cceurs landward
of the ‘orey’-swamp. Bambu is in a voung
second growth sitnation and Campamento is
in an area where the forest has been cul
exensively.

Masguito collections

Following an outhreak of vellow fever near
Almirande in 1951, a long-lerm project was
started Lo monitar mosquiloss and  arboe
viruses in that area. For derails of the
mosguito species accurring in the area see
Trapide & Galindo (1957) and Galindo e ol
cE9a6) Collections were made in severgl
localities, at varicus ocessions, using various
techniques. The data selected for analvsis here
are the longest series available. These were all
made on human il and, with the exception
of Patoistown, in the canopy of irees. In
Patoistown the collections cover all of 1986
and last well inte 1968 with only a short inter-
ruplion in cerly 1947, In the other localities,
Tucan, Weatherbom, Bambu and Campa-
mento, the serivs of colleciions also started at
the beginning of 194& but continued until
Apdl 1989 with only occasional interruptions.

The nuwmber of collections per unit of fHime
was far from constant se that the dats had oo
be  standardized, 11 was decided o lake
periods of 4 weeks as g time unit, there being
thirtzen such units per vyear. The average
nuwmber ol collections per d-week period was
about 10, so that for each period the number
of individuals caught for each species was con-
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F1G. 1. Rainfall in mm p2r month in Changuinala, 20 km MW of Almirante, peovince of Docas del Tora,

Fanama.



verted to the number per ten collections, All
specific names are acconding to Knight (1977).

Anngal varichility

When discussing fluctuations in abundance
it is usually profitable Lo distinguish belween
seasonal  fluctuations, those  which  oceur
predictably within a vear, and annual Tluctes-
tiens, those occurring from year Lo year, A
wseful way o analvse anoual fluctuations is
v caloulating the Annuesl Variability (AW
parameter (Walda, 1978k for cach ser of
data.

The aumher specimens  of species |
cavght in year | is called &y, and in year 20t
is Agp. The change in abundance, the net
reproducton, of this species s the ratio
Ny N = Re 1t 13 advisable to use logarithms,

of

Magguiroes in non-seaiong! rrapicg 101
log & Imoa sample af » species, a3 otal »
values of log B; are obtained which give a
frequency  distribution. That distribution s
msually roughly normal and can he charac-
erized by its mean and varance, The mean
gives informalion gbout the tendency for all
species togelher fo incresse or decrease in
ghundance during the vears concerned. The
variance, called  Annual  Variability (AV)
reflects differences hetween the species. I all
species changed maore or less In the same way,
the walue for AW would he small, whereas if
some  species  ncreased o great desl while
others decreased, AV would be laree. AV,
therefors, can be considersd as o measure of

For turther details and problems sssociated
with AV see Wolda {1978h),
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F1G, 2, Mumber of individual mosguitces enllected on human bait in the canopy of o wet palm Torest in
Weatherborn, Almirants, Panama. The numbers in @ach spacies are given per ton collecticns in cach

pariod of 4 weeks, The actual number of collections
A = Avdes angustivittatuer Dyar & Knab,, B = Culex

for each period is given ot the dop of (he figore,
epanagiesis Dyvar, O = Celex taeniopus Dyar &

Knab,, = Cwlex vomerifer Komp., E= Cegquillerridic venezwelensis {Theobald), F = Cequillernidie
arvibaizagae (Theobald), G = Praraphors cingubeie (Fabriciog),
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FIG, 3. Number of individusl mosguitess collected an human bait in the canopy at Bambu, smaar

Almirante, Banama, For explanation see Fig. 2.

Results

The data for the more common species taken
in the palm forest at Weatherborn are presented
in Fig, 2, Similar data from Bambu, an area
strongly alfzcted by man aboul 1.5 km north
of Weatherborn, are given in Fig. 3. Because
of the variable number of collections per
period of 4 weeks, the reliability of the data
varies belween periods, Above sach of the two
fizures numbers indicate the actual number af
collections on which the data in each periad
are based,

Cne of the most salignt features of Figs, 2
and 3 iz that all species fluctuate widely in
abundance, fluctuations which cannot be
explained on the basis of a variable reliability
of the dats. Species that are absenl, or nearly

o, during some part of the study perod sre
abundant or very abundanl st some other
time, The perod of these fluctoations, how-
ever, is nol | vesr and the fluctuations, there-
fore, are non-seasonal. At any one locality the
varions species are nol synchronous so that a
change in abundance in one species has litile
aof no predictive wvalue for changes which
might accur in other species,

The same species are represented in Figs, 2
and 3 and those two figures are remarkably
similar in the fluctuation patterns shown, In
fact all five localities studied here show
fluctustions which, for most of the species,
gre highly svnchronous, In order 1o demon-
strate  this, correlation cocfficients  were
calculated for each species between the five
sites in the number of individuals per period
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of 4 weeks, after logarithmic transformation
of the dats. The results are given in Table 1.
showing very lillle correlation between sites
for Aedes wngustivittarey, but strong Lo very
strong correlations for the other species. This
is especially striking considering the sources of
erreer, such as the somelimes low nomber of
collections, in this kind of data, Had the
logarithmic transformation not been applied
the results would have been maore striking 513l
The average correlation coclficient would be
higher by 0.1, and twenty-ning of the seventy
coefficients are then over 0.8, with twelve
even over 0.9, The apparent exception Lo this
rule of strong synchrony between the sites,
Aedes gngustivitiatns, could be infercsting,
but could alse be related to the fact that this
im the lesst Abundant of the seven muost
abundant species selected for this analvsis and
al lower numbers the correlation coefficient
becomes less reliable,

The changes in abundance from vear o
vear, &3 vxpressed by the mean and variance
(= AV) of log £; for sll sets of data an
mosquitoces neat Almirante are given in Tahle
2. Only those species which in both of the
two sucoessive years ame mepresented by at
least five indivicduals are included in the calcu-
lations {for a discussion of the problems
invelved see Wolda, 197881, The means are
mostly positive indicating a general increase in
abundanee of the mosguito species concerned
in Lhe study years, with some exceptions. The

TARLE 2,

values of AV range from 01035 to 0,525 and
terl to be high relative to values Tound 2lse-
where  (Wolda, 1975b,  1979B)  1n some
twentv-seven other sels ol data on insecrs
from various places in Panama, including some
on  mosguiloes (mostly  unpublished), the
values of AV range from 0.01% to 0,183 and
the difference belween those daty and the
ones on the mosguitoss from Almiranle is
highly significant. The early Almiranie data
(1op three Yoes in Table 20 fall well within
Lhis ‘normal” range, albeit in its upper reaches,
The data Tor [966/67 are well above this,
ranging from (0,192 to 0.346 and the ones for
1967 6k are significantly higher again.

Discussion

The climate in Almirante is much less seasonal
than that in mosl parts of Panama, but does
have recognizable scasonal features, both in
rainfall and in temperature, Many orpanisms
could, and probably do, use seasonal clues o
determing  the  time  for  reproduction,
emergence, flowering, leaf procduction, etc,
However, for some organisms the environ-
ment could be cffectively non=easonal, In
fact, even in parts of Panama where there is
a4 pronounced dry seasen of some 4 months
dursticn, there are some insect species which
do not show  any  seasonal  changes in
abundanee at all (Wolda, 1980b, ¢}, In an ares

Variation in abundance from year {o year as measured Iy the Annual

WVariability (AW} for mosquitoes near Almirante, Panama, AN samples are taken on
human bait exeept the one labelled *Almirante’ which comes from a lighidrap, K =
degrees of freedam. Vor furchee explanation see toxt,

Lacality Yo K Mean log & Var log B = AV
Fila del Riscd 1951553 (] 0152 Q.177
Admirante 1650760 G 0.1 34 f.ins
Campamento 1962/63 1a —0.09s 0.140
i pament e canopy IoGaa? 16 0,191 0.aLs
Bambu ground 1966 AT 12 0.304 0,222
Hambu canopy laGaia7 1% 0,318 252
Weatherborn groomnid 1966167 i1 0,335 0,12
Weatherhom canopy 196667 1a [ERET Ty 0,344
Tucan canopy 1SaE a5 13 0,424 {1,295
Putoistown 196667 13 440 0301
Campamento canopy 1967 a8 1 0170 0,340
Bambu cannpy 196768 15 —{,274 0.2al
Wealherbam canopy 1967, 68 15 O,0d5 0,525
Tucan canapy 196768 13 0,137 n,43s




near Fortunsa, where the climate 15 much less
seasenal cven than in Almirante, insect species
which show lLitle or ne seasonal changes in
abundance are more common (Waolds, [9804;
unpablished data), Howewver, in the majoricy
oaf these cases rthe allernzfive Lo seasomnsl
changes 15 gradug] change or constancy, The
mosguitoss  discussed  here  demonstrate
another  alternative, that  of rapid, large,
mnpredictabhle variation. A detailed knowledgze
of the fluctuation pattern for one vear has
little or no predictive value Tor the pallemn
next year,

The causes of these {luctuations in
gbundance and of the differences hetween the
species are not known, One should keep in
mind that the data presented refer to adule
inzsects only, whie il seems probable that the
avents in the agoatic environment of the
larvae are of paramount imporiance in derer-
mining numerical fluctoations. We have no
informarion on adult  dispersal  in these
mosquile species, I they would tend to stay
pear the site of emergence the synchrony aof
the fluctuations over an area ar least 4 km
long would be difficult to explan, One would
have to asswme that the ssme factors allect
the  mosgquilo populations in the  urban
envirenment of Patoistown as in the forests of
Weatherborn and Tucan and the raral enviren-
ments of Campamento and Bambu, It seems
much more likely that the synchrony ol the
Auetuations of the adules over a relatively
large srea is caused by adull dispersal, similar
ro the supgestion by Disney (19735) for black-
flies in Cameroon.

The most likelvy candidate for an environ-
menta] facior mvolved in the determination
of the variations in abundance is some featurs
of the weather, especially rainfall, The data on
rainfall per month (Fig. 1) do nol seem (o
provide a clug, but these monthly totals couald
be very misleading abour the actual weather in
those moenths, Bainfall is very erralic in this
area and the entire monthiy total mav fall in
one 24 h pericd or it may be evenly distributed
aver the manth, The actual pattern could be
significant, but we lack the data to test this
idea, Whatever the cause of these large flac-
tuations, it produced especially large chanpes
in gbundance from 1966 to 1967 and, again,
fram 1967 to 1903, 85 s shown by the
unusually large valves of AV (Table 23
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In order to plan control measures against
the mosguitoss in an area like the one near
Almirante one cannot rely on dala obrainead
in previous vears, because the ocourrences in
one vear have lictle ar no predictive value for
those in the next yvear. One has to have sz
continuous monitoring programme for the
mosquitoes in order to be aware of inereases
and decreases in abundance of the important
spevies. However, one only needs fo sel up a
monttering station in one ocality in order (o
predict changes in ghundance over a fairly
larpe areq.
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