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Blackflies (Diptera: Sirﬁﬁliidae) in highland streams in
Guatemala, with special reference to the seasonal
prevalence of immature stages and voltinism®
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(Received:
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Abstract: Immature stages of blackflies were studied in uppermost part of 2
streams in Guatemalan highland, Sierra Madre. In total 5 species, Gigantodax
wrighti, Simulium (Simulium) tricornis, S. (S.) anduzei and S. (S.) jobbinsi in
descending order of abundance, were collected. G. wrighti and S. (E.) sp. were
predominant and occupied more than 80% of the total specimens collected from
each stream. All the 5 species appeared at higher density in the rainy season and
the first half of the dry season than in the latter half of the dry season. From the
head width distribution in each month, G. wrighti and S. (E.) sp. were found to
be multivoltine species. G. wrighti had two generations in the rainy season to the
first half of the dry season and possibly one generation in the latter half. . (E.) sp-
had 2 generations in the rainy season, and at least one more generation, possibly two,

in the dry season.

Many studies on seasonal prevalence,
growth and life history of blackflies have
been undertaken (Sommerman et al., 1955;
Davies and Syme, 1958; Ladle and Esmat,
1973; Hansford, 1978; Wotton, 1978 etc.),
but intensive studies have been restricted to
the middle and high latitudes of the northern
hemisphere. Little has been studied on Meso-
american and Southamerican species except
for the vector species of human onchocer-
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ciasis. In the present paper tropical highland
blackflies in Guatemala were studied on sea-
sonal prevalence of immature stages and
voltinism, including a species of the genus Gi-
gantodax. Gigantodax is one of the phylo-
genetically interesting genera, which is dis-
tributed from the southern end of South
America to Mexican highland along the
Andes and beyond the Isthmus of Panama.

STUDY AREA AND METHODS

Collections were made in 2 streams, the
Tzojom4 and the Sesenta Vueltas in Guate-
malan highland, Sierra Madre, located north
of Lake Atitilin as shown in Fig. 1. Both
streams are small tributaries and rise near
the ridge of the mountains, which has almost
3,000m of altitude. They flow for about
100 m from the source on the gently inclined
slopes, then run down along the steep slopes
to the junctions with the main rivers. Sam-
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Fig. 1 Topography of study area
Arrows indicate the sampling sites. A: the Tzojom4 Stream, B: the Sesenta Vueltas

Stream.

pling sites were chosen in the uppermost,
gently inclined part. The sampling site in
the Tzojom4 (A) is close to the highest point
of the Central American Road No.1 be-
tween Nahuald and San Cristobal Totonica-
pan, where the departmental border line
between Solol4 and Totonicapin lies. The
Sesenta Vueltas crosses the National Road
No. 1 about 6 km from Encuentros to Toto-
nicapan. The site is situated at upstream of
the crossing. Altitudes of the sites in the
Tzojoma and the Sesenta Vueltas are 2,900
and 2,850 m, respectively. The site in the
Tzojom4 is surrounded by grassland and
wheat fields, and the site in the Sesenta
Vueltas by grassland with low shrubs and
vegetable fields. The stream-bed consists of
hard mud. Short hydrophilous grass grow
out of water along the margins of the streams.
'The width and depth of the streams in the
season of maximum water discharge were
about 40 and 10 cm respectively, while in the
season of the minimum water discharge, they

were about 15 and 3 cm, respectively. Month-
ly change of mean maximum and minimum
temperatures and precipitation in Totonica-
pan are shown in Fig. 2. The maximum
temperature is almost constant throughout
the year. The minimum temperature is vari-
able, being higher in the rainy season than
in the dry season. The water temperature in
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Fig. 2 Mean maximum, minimum tem-
peratures and precipitation during 1954—
1959 at Totonicapin
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the Sesenta Vueltas was constant, approxi-.

mately 12°C irrespective of time of measure-
ment, except March 1979, when it was 16°C.
The temperature in the Tzojoma fluctuated
between 11 and 17°C, with a tendency to-
wards being cooler in January to February
and warmer in April to December. The val-
ley of Tzojom4 faces southwest and is sur-
rounded by grassland, therefore the isola-
tion in the afternoon may affect the ground
and water temperatures, while the valley of
the Sesenta Vueltas faces east, resulting in
rather constant water temperature.

The rainy season generally begins in May
and ends in October., Increased water dis-
charge was observed 1 or 2 months after the
beginning of the rainy season. The decrease
was observed also 1 or 2 months after the
end of the rainy season (Figs.2 and 3). In
the later half of the dry season, water level
was very low, with only a slight trickle of
water.

For investigation of seasonal prevalence,
a unit time collection was adopted. Larvae

and pupae attached to submerged plant mat-

ter were collected by forceps for 10 min.
Thorough searching for simuliids on each
substrate was made to avoid the bias to larg-
er individuals only which are easier to find
out and pick up. Once collection was started
with a substrate, it continued till all simuliid
larvae were completely picked up from the
same substrate, then another substrate was
taken. Sampling was carried out once a
month. At each time 2 samples were taken
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by Okazawa in November 1977 to October
1978, and 1 sample by Takahasi in Novem-
ber 1978 to June 1979. All specimens col-
lected were kept in 70% ethanol. After
species identification, head widths of all lar-
vae were measured,

REesvuLTS

The species and number of individuals col-
Jected are shown in Table 1. In total, 5
species belonging to 2 genera were collected.
In the Tzojomé, Simulium (Eusimulium) sp.
was the most abundant and was followed by
Gigantodax wrighti and Simulium (Sitmu-
lium) tricornis in descending order, while
in the Sesenta Vueltas, G. wrighti was the
most abundant followed by §. (E.) sp., S.
(S.) tricornis, S. (S.) anduzei and S. (S.)
jobbinsi. G. wrighti and S. (E.) sp. were
predominant species; a total of the 2 species
occupying more than 99% of the total speci-
mens collected in the Tzojoma and 81% in
the Sesenta Vueltas.

Seasonal prevalence of each species 1
shown in Fig.3. G. wrighti was abundant
during the period from the rainy season to
the first half of the dry season, but scarce
in the latter half of the dry season. It seems
that there existed 3 peaks in abundance, 2
of them in the rainy season and 1 in the dry
season. However, at the Sesent Vueltas dur-
ing the rainy season only 1 blunt peak in
July to October was observed. All the peaks
in the Sesenta Vueltas appeared later than

Table 1 Number of blackfly larvae and pupae collected in 2 streams in highland Guatemala
during a period of 1 year, from November 1977 to October 1978 in the Tzojoma Stream

and from May 1978 to April 1979 in the Sesenta Vueltas Stream

Species

Tzojoma (A)
No. of

Sesenta Vueltas
(B) No. of

Larvae Pupae %* Larvae Pupae 9%*

Gigantodax wrighti Vargas, Martines and Diaz 945 6 37.0 1,399 10 66.3
Simulium (Simulium) anduzei Vargas and Diaz 0 0 0 98 4 4.8
Simulium (Simulium) jobbinsi Vargas, Martinez and Diaz 0 0 0 89 2 4.3

Simulium (Simulium) tricornis De Lebn

Simulium (Eusimulium) sp.

2 0 0.1 203 0 9.5
1,601 17 62.9 309 11 15.1

Total

2,548 23 100.0 2,098 27 100.0

* Percentage of number of larvae and pupae to the total collections.
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Fig. 3 Seasonal prevalence of 5 simuliid species and stream

conditions

The rainy season is shown by patched area. wd: volume of
water discharge, wt: water temperature.

those in the Tzojom4. Seasonal prevalence
of §. (E.) sp. was similar to that of G.
wrighti. It was abundant in the rainy season
and scarce in the dry season. There were
2 clear peaks in the rainy season in both
streams and 1 peak in the dry season in the
Tzojoma though it was absent in the Sesenta
Vueltas. Larval density of both species sud-
denly increased at the beginning of the rainy
season, when the water discharge was still
low. "Other 3 species show similar patterns,
that is, a few individuals appeared in the
beginning of the rainy season, and then the
density increased at the end of the rainy
season. The relatively high density level was
maintained in the first half of the dry season.

Figure 4 shows the size distribution of
larval head widths of G. wrighti for each
month in the 2 streams. During the period,

from May to December, or from the begin-
ning of the rainy season to the month when
the water discharge decreased, 2 clearly dis-
tinguishable successive cohorts were observed
in both streams. In the middle of the dry
Season, young larvae of another cohort ap-
peared, but this cohort disappeared in the
late dry season before maturing in the Se-
senta Vueltas. This suggests that G. wrighti
has at least 2 generations, possibly 3 genera-
tions per year. The appearance of young
larvae corresponded to the peaks in the sea-
sonal prevalence. The first generation in the
rainy season appeared without overlapping
with the generation in the dry season. This
generation appeared earlier in the Sesenta
Vueltas than in the Tzojoma, but the other
generations in the Sesenta Vueltas appeared
later than in the Tzojoma. In §. (E.) sp-
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Fig. 4 Frequency distribution of head-width of Gigantodax wrighti

in 2 streams

A: the Tzojoma Stream, B: the Sesenta Vueltas Stream, P: pupae.

at least 3 generations could be detected in
the Tzojoma4, although 2 consecutive genera-
tions tended to overlap each other (Fig.5).
Young larvae appeared in each of the 3
periods, June, August to September and De-
cember to April. In the dry season, the
density was very low, however this species
appeared to pass 2 generations. In the Se-

senta Vueltas, 2 generations were recognized
in the rainy season. The first generation ap-
peared in the beginning of the rainy season,
May (1979) or June (1978). It is not clear
when the second one appeared, but the in-
creased density of small larvae in August and
September suggests the existence of another
generation. In the dry season, larval density
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was very low, especially in ]’anuary to April,
1979, no larvae were collected. '

Discussion

Stmulium (Eusimulium) sp. was treated by
Dalmat (1955) and Vargas and Diaz Najera
(1957) as 8. (E.) aureum (Fries). But the
Guatemalan specimens are morphologically
different from §. (E.) aureum redescribed

by Davies (1966) and Peterson (1977) in
some characters such as the shapes of basi-
mere, ventral plate of male, cercus of female
and head spots of larva. Stone (1965) stated
that S. (E.) aureum in North America is an
unrevised species complex. Therefore, we
treated here the Guatemalan specimens as
S. (E.) sp., not as §. (E.) aureum. S. (E.)
sp. is closely related to S. (E.) aureum and
assigned as a member of the aureum-group
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of subgenus Eusimulium defined by Davies
(1966) . :

On the vertical distribution of immature
stages of blackflies in tropical America, only
the work of Dalmat (1955) is available. In
his study, he divided the altitude into 7
categories. The majority of individuals of
G. wrighti, S. (E.) sp. and S. (S.) tricornis
were collected in the highest and the second
- highest categories, above 1,800 m of altitude,
though he did not show the number of sam-
ples taken from each category. The 2 streams
under the present study belong to the highest
category of the Dalmat’s division, above 2,100
m of altitude. The present authors collected
these 3 species also in other streams above
2,200m of altitude. G. wrighti and S. (E.)
sp. were found mainly in the uppermost of
the streams, some of which dried up in the
later half of the dry season. No larvae and
pupae were collected by more intensive sur-
vey below 1,500 m. From those, these 3 spe-
cies can be called as the highland species.
They may breed in the streams above 1,800
m of altitude.

Difference in the relative abundance of
each species between the 2 streams in the
present study might be derived from the dif-
ference of water velocity. . (E.) sp. prefers
lower velocity than G. wrighti. The Sesenta
Vueltas is relatively steeper than the Tzojoma
and the water velocity in the Sesenta Vueltas
is higher than that in the Tzojoma.

Life cycles or voltinism of the species in
the present study or taxonomically related
species are known very little. . (E.) aureum
is comparable with S. (E.) sp. Rubzow
(1959-1964) in Furope, Lewis and Bennett
(1973), Ezenwa (1974) and Back and Har-
per (1979) in North America reported the
life cycle of S. (E.) aureum. From these
studies, it can be summarized that (1) S.
(E.) aureum overwinters in the egg stage,
(2) larvae appear in the water temperature
range of 10 to 20°C in northern part of the
distribution, but (3) the number of genera-
tions per year varies 1 to 3, probably depend-
ing on the length of breeding period under
varying environmental conditions. In the 2
streams of the present study, water tempera-~
ture varied between 10 and 20°C throughout
the year, without any marked drop in winter.
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The larvae of S. (E.) sp. appeared all year
round, though the density of larvae decreased
in the late dry season.

Dalmat (1955) studied the growth period
of G. aquamarensis in Guatemala. In his
work, G. aquamarensis required 50-63 days
for larval development and 5-9 days for
pupal development. Judging his results and
our observation that variously sized larvae
were always present at high density from
January through September (unpublished, no
data available in rest 3 months from October
to December), G. aquamarensis may be
multivoltine in Guatemala. G. wrighti was
bivoltine or possibly multivoltine in highland
Guatemala. These suggest that the species
of the genus Gigantodax in the tropical re-
gion are not univoltine, but multivoltine.

As the breeding stream of G. aquamaren-
sis, only one stream, Rio Aguas Amargas,
Zunil, Quezaltenango, has been known, in
which water discharge is fairly constant, ap-
proximately more than 5 liters/sec, through-
out the year. pH is very low, being 4.5.
Only the larvae of G. aquamarensis were col-
lected in that stream. The larvae appeared
successively all year round. On the other
hand, in the breeding streams of G. wrighii,
water discharge was seasonally changed. In
the late dry season larvae of G. wrighti al-

most disappeared in the uppermost part of

the streams. It is still unknown in what
stage and where the majority of this species
pass the late dry season.
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