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A hygrothermal space is developed in a model to show that adult insect man-biting activity is
largely dependent on the environmental conditions of temperature and vapor pressure. Data cuol-
lected n the tropical forest of the Bayano River Basin, Republic of Panama in 1973 are used to
develop the model. Data scquired in 1974 are used to test the model, The data show that the most
abundant inscct species collected prefer narrow ranges of temperature and vapor pressure when
engaged in man-biting activity. Certain Culicoides and phlebotomine specics occupy the cooler and
drier regrion of this hygrothermal space, while mesquitoes occupy a warmer and more humid region.
Separation into definite regions is clearly shown with some overlapping in the middle range of
temperatere and vapor pressure.

The model presented may be used in epidemiological surveillance work for insect-barne zoomotic
diseases. Onee the matrix for a particular insect vector is established then it may be possible to
calculate the probability of being bitten by that vector and thus indicate one of the possible avenues
in the transmission to man by measuring 2 simple physical parameters like vapor pressure and

Temperatun:,

The construction of a large hwdroelectric dam and the
formaticn of a 200 km® man-made lake in g tropical Torest
of the Bavano River Basin, 70 km east of the Pacific en-
trance of the Panama Canal, has dramatically changed the
density of inscct populations normally found in the area.
Subtle and less noticeable changes in the microclimate may
be a major factor controlling the population dynamics of
insect disease veotors in the area. There are many studics
which indicate the importance of the physical environment
s an important factor in the abundance snd diversity of
insect populations (Smith 1954, Mills 1952, Dirmhim 1961,
Tanzen and Schoerer 1968, Plaw e al, 1958, and others).
Anexcellent review article on the ecology of mosgquitoes
(Reeves 1965) indicates the importance of vertical gradients
of light, temperature, and humidity on mosguito vector ac-
tivities.

All animals are coupled to their physical environment by
the Mow of heat, gases, and nutrients. There is no animal so
peerfeatly insulated thar it does not exchange heat with its
surreundings, and thus its internal temperature is affected
by such favtors as air temperatore, homidity, and wind
spead. [ is thus important to quantify thase paths of heat
flow between animal and environment in order w define the
relative importance of internal and external factors in the
animal's ability to adapt to various microclimates (Spotila
el al, 19721 Models should be developed o gquantify how
insects adapt w thelr environment.

The hypotheses to be tested here are: |, The variation in
adult insect man-biting activity is greatly dependent on en-
vironmental ternperature and humidicy; and 2. Each species
will “"occupy’ a certain regien in the hygrothermal spacy
of temperature and vapor pressure, all other conditions
being cqual, when engaged in such activity, and may mi-
grate in a vertical dircction to find that region, if & suitable
host is available,

The approach is to guanrife the physical atmospheric
variables into models which can be used w cxplain ecolog-
ical changes which affect the man-liting activity of mos-
quitoes, phlebotomines, and Culicoddes sandflics in the
tropical forest,
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Methods

In 1972 the Gorgas Memorial Laboratory Bayano project
field station was constructed on a ridge of ca. 140 m cle-
vation overlooking the Bayano River. During 1972 and
1973, a microclimate station was established at the main
camp o measure the free air flow, humidity, emperature,
evaporation, and rainfall above the surrounding canopy of
the forest,

Forest towers and instrument platforms were manufac-
tured and erected during this pecod, One forest tower was
built ca. 30 m above the ground 0 make insect collections
and te measure the microclimate through the verlical ascent
from the forest floor w the canopy.

At this tower 24-h insecr collections were made every 2
wh by using man as live bait. Hourly collections were made
at the floor ol the forest (one m) and in the cancpy (30 m),
The collections were placed in 2-dr screw-top vials and fro-
zen in liguid mitrogen for transportation to the central labo-
ratory for identification and virus isolation. Concurrently at
the same locations, hourly observations were made of tem-
perature and humidity.

The ambient air termperatures and humidities were matched
with the number of «ach species collected at these stations
during the same time period, A matrix using 1973 data of
temperature and vapor pressure as the independent vari-
ables, and the number of speeimens collected of a particular
species as the dependent variable was used 1o develop the
model. Similar matrices using 1974 dats were used to test
the model for stability. The ambient air temperatures and
vapor pressures used as coordinate axes in the model were
those actually experienced in the forest locations throughout
the year. These temperatures and vapor pressures define the
hygrothenmal space in which the insects were collected dur-
ing man-biting activity in 1973 and 1974,

Results

Tables 1, 2, 3, and 4 ane examples of the 1974 matrices
for collections of Culicoides diabolicus and Heemagogpus
tucifer. Tahles 1 and 2 show the hygrothermal space occu-
pied by ©. dicboticas at the forest Noor and canopy stations,
Tables 3 and 4 show the hygrothermal space occupied by
Haemagegus tecifer. The matrices indicate that € dichaoli-
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Table 1, —Yapor pressure-temperature space, Torest floor station, 1974, Culicoides diabolicus.
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Yol T.no. 4

Temperaure “C

Y apor pres-
sure {mibli- 1540 wr 214 23.1 4.8 6.5 K2
hars) = 1840 106 21.3 230 24.7 6.4 i | 248 220G Missing Taral

< 224 — — [ Irf — — — — — — — 175,
224233 - — — - - -
23.4-24.3 - — o, 201 s = - 300,
24.4-25.3 — i == &7, e — s = — i 67.
15.4-26.3 = — — 312 - 32
26,4-27.3 - 197, 334, 124, Gl
27.8-28.3 - 1564, 22, - - 1588,
28,4293 - — — 72 - - T3
28,2303 - — 45 4, - - - an,
04313 - — — — — — 4. — — — 4.
304333 s S i, o s — e i
I2.4-333 = s — - s 3, — — s 5
354343 — — e — — — — — — —
34.4-355 - — — — — — — — o —
15 4-36.% = el — — e e B — — s
I6.4-37.3 i = . - e o= S = =: it
37.4-3%.3 — - — — — — — — — —
4303 = iy - | i X i P = =

= 194 i i i i S s e !
Mizsing - - - — — 145, 143

Tinal T4, 463, 2560, 20 1 — — 145, 3577,

s seems to bite at lower ranges of temperature and vapor
pressure while . lucifer bites in the higher ranges of these
variables in the canopy. When the same ranges of (emper-
ature and vapor pressures are found near the floor of the
forest, both of these insects are shown 10 engage in biting
activity at that location.

Ti make comparisons of the space preferences of the
mast abundant specics of man-biting insects, tables were
propared to show the pereentage of the total of cach specics

collected and the ambient air temperatures and vapor pres-
sures 8 the time of the collection, When biting, the sepa-
ration into regiens of lower temperatures oceapied by Cul-
feeedes and phlchotomines and higher temperatunes occupied
by the 2 species of mosguitoes is indicated in Table 5. There
is some overlapping of the 2 regions but differentiation into
scparate regions s quite clear. The figure in the last column
of the tables indicates the percentage of the total of cach
species collected in the given range of temperatures. For

Table 2.—Vapor pressure-temperature space, forest canopy station, 1974, Culicoides dizboticis .

Temperature “C
Vapor pres-
suere (milli- 18.0 1%.7 1.4 ¥ 2.8 6.5 .2
bars) < 180 9.4 21.3 230 24.7 264 281 29.8 = 209 Missing Toaal
< 224 250 —- - - 230
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23.4-243 - —- 15: 25810, - - - 2395,
24 4-25.3 — JH3Y, ZGHE. — -- - 0327,
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FA-E1.3 — — — 5 142 - — - aT.
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Totul

53055,
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Table 3.—V¥apor pressure-temperature space, forest canopy station, 1974, Heemapopns lucifer.

Temperature “C

Vapor pres-
sure {milli- LA 9.3 2.4 23 248 6.5 282
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example, in 1973, 97% of C. diabslicus were collected in  separation into 2 regions as that indicated by the tempera-
the canopy when the temperatures were 21.4%-26.4°C,  ture variable,

while during the same period 90% of f. lecifer were col- ; :

lected in the higher temperatore range of 24,8°-29.9°C or Discussion

higher. Table & in a similar manner indicates the separation It appears clearly from the data that these species of in-
into 2 regions of vapor pressure with the Culicoides and  sects have a definite preference for & narrow range of tem-
phlebatomines cecupying the lower and the mosquitoes the  perature and humidity when engaged in biting activity.
higher vapor pressure regions. There is nol quite so clear a Temperature and vaper pressure were chosen because of

Table 4, —Vapor pressurc-temperature space, forest Moo station, 1974, Haemapogas fneifer.

Temperature *C
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234243 - — s — — : 24, — — 28.
24.4-23.3 — — — 13. - i - — 15,
25,4-26.3 — — — — 15, L — — = 149,
264373 — = - 32 4 L. 9, - s 46,
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Tahle S.—Air temperatures ohserved during inseet collections at 2 levels in the forest showing the percentage of the total of

each species collected in the range of temperatures indicated.

Temperature (0 £
1O ATIONMN :E
1.4 230 48 6.5 28.2 G
Farest Canapy 30 24T 264 8.1 298 = 299 g
Culicericos diabodicus 1973 a7
1974 ]
Culivodees pifianal 1973 G5
14974 47
Lrtzomiyiad snpinaria 1473 "- Wi
1974 v 47
Taizernyia framiclieg 1973 ; =X
1974 | e
Faezonvia ovallesd 1973 a7
1474 a7
Mavmupigns cguinius L4973 549
1974 1l
Haemagiges heeifer 1973 a0l
1974 RO

Logation Farest Floor
Calivoilies diabolicus 1973 Gl
1974 o3
Larzosvic panarer s 1973 U4
1974 7
Haemagoais cquings 1973 RE
1974 %
Hagmagops lacifor 1973 B4
1974 8F

their imporisnes s environmental factors regulating the
heat exchange between the mseet and the environment as
well as the ceonomy. case, and reliability of these measure-
ments. It is assumed that man-biting activity oceapies anly
a small portion of the day-night pericd. The insect only be-
comes visible™ in this model when engaged in hiting ac-
tivity znd thus remains “invisible' during much of any
collection period,

It is often assumed that centain athropods are daytime
bitzrs while others bite during the night, or in some cases
the heaviest biting activity occurs in the period shortly be-
fore or following sunset. This model supgests that if the
conditions of temperature and humidity are favorable, bi-

ing may eocur at any time daring the appropriate daily cyels
tor the species. Furthermore, as shown in Tables 5 and 6.
there 1s an indication that if temperature and humidity are
Favorable the predominately canopy biters may migrate and
Trite merar the growmd.

The word “"suggest™ is used here because the empera-
ture and vapor pressure are dependent on other atmospheric
variables such as rainfall and wind. For example, when it
rains hegvily in the forest the ground temperatures may be
lowered appreciably for hours or even days, This may cause
low rates of evaporation in the forest, and both the air near
thwe groundd and in the canoepy may be near saturation. Dur-
mg 1973 and 1974 the largest collections were made when
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species collected in the range of vapor pressures indicated.

aal

ble 6.—Vapor pressures ohserved during inseet collections at 2 levels in the forest and the percentage of the total of euch
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there was rain on the day before or on the day of collections.
Winds may also cavse changes in the stratification of tem-
perature anil humidity in the forest. During this same period
the largest collections were made when wind speeds were
less than 40 kmdday (unpublished data.)

Conclusion

The data collected and the methods used were designed
tor represent the man-biting activity of several insect popu-
lations. Maodels of this type permit easily understood anal-
ysis of vast amounts of data that may have been accumu-
lated. They may permit prediction of foture patterns of these
species where only small samples can be collected over a
shoe period time, This model only describes the microha-
bitat of the studicd species during biting activity in a natural
forest environment. [t does not suffer the drawbacks of de-
scribing a micrehabitat in an antificial envieonment such as
# laboratory colony.

The model presented may be used in opidemiclogical sur-
veillance work for insect-borne soonatic discases. Once the
reateix for & particular insect vector is established., it may be
possible to caleulate the probability of being bitten by that
veotor and thus indicate one of the possible avenues in the
transmission to man.

ExviroMMENTAL ENTOMOLOGY
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