OBSERVATIONS ON THE BREEDING HABITATS OF SOME
CULICOIDES AND OTHER HELEIDAE IN THE
PANAMA CANAL ZONE (DIPTERA)

SAMUEL G. BREELAND
Health Bureau, Canal Zone Government

In connection with biological studies on
the salt marsh sand fly, Calicoides furens
{Poey), in the Panama Canal Zone, a
number of observations have been made on
the breeding habitats of this and other
species of Culicoides as well as members of
several other genera of Heleidae. -~ As
pointed out by Forattini ez of. (1957), and
Wirth and Blanton (1959), there has been
little work of this nature reported for the
neotropical region. The only references
known to the author which apply specifi-
cally to the Canal Zone are those of Car-
penter (1951) and Woke (1954). In ad-
dition, Wirth and Blanton (1959) sum-
marize in table form the known breeding
places of Panama Culicoides as compiled

from existing literature. It is the purpose
of this paper to report observations on the
breeding habitats of 14 species of Canal
Zone Culicoides, 1o of which are additions
to the list of species with recorded breeding
habitats (alahialinus, barbosal, debilipalpis
gr., gorgasi, digbolicus, guyanensis, insig-
nis, leopoldoi, paraensis, and woker), 2
which offer additional habitat knowledge
(hoffmani and reticulatus), and 2 which
corroborate existing knowledge (furens
and zrinidadensis). In addition, observa-
tions are given on the breeding places of
representatives of 7 genera of heleids.
Three of the heleid genera are represented
by known species (Forcipomyia raleighi
Macfe, Helea fuscivenosa (Lutz), and Stil-
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obezzia antennalis (Coq.) and S. coquil-
letti K.), while the other 4 are represented
hy one or more unidentified species
(Awrichopogon, Bezzia, Dasyhelea, and
[ohannsenomyi).

The data presented are, for the most
part, based on 351 positive weekly emer-
gence cage collections from 774 cage-weeks
of operation in 144 different locations rep-
resenting 8 habitats. The data were col-
lected between July, 1958, and September,
1959. With few exceptions, observations
were made on the Atlantic side of the
isthmus on the east side of the Panama
Canal in and near the mahgrove swamps
within close proximity to community hous-
ing areas.

METHODS

Emergence cages, modified from those
of Dove ez al. (1932) were utilized. These
cages of two types, metal and wood, cov-
eted surface areas of 4352 square inches and
484 square inches, respectively. The yield of
the two types of cages was not significantly
different in any of the habitats when tested
side by side. The metal cages were made
by trapsversely cutting 535 gallon shorten-
ing druims in half with an dcetylene torch
and welding a fruit jar cap, lip out, to the
side of the container a few inches below
the solid end. The area encompassed by
the cap was previously cut with the torch.
Two cages were constructed from a single
drum. The wooden cages were made from
discarded ammunition boxes by covering
with tar paper and stripping heavy gauge
sheet metal around the open end to facili-
tate implanting the cage. The jar cap was
countersunk in a hole made with a key-
hole saw. These cages were in position
for varying lengths of time, the average
being 6.8 weeks per location. Each Mon-
day morning, the positively phototactic in-
sects were removed from the collecting jars
into vials of 70 percent alcohol. The he-
leids were subsequently identified and re-
corded. The cages were moved to new
locations when it was believed the area had
been adequately sampled. Unless other-
wise noted, all data in this study are from

this source.  Ecological observations includ-
ing measurerrents of salinity, ksnil termper-
atures, and pH were recotded from each
type habitat studied: however, efforts to
correlate the latter two environmental fac-
tors with breeding, either quantitatively or
qualitatively, were fruitless, and results are
not included in this study. Salinity of the
water in each habitat was determined by
means of 4 set of hydrometers.

Oeservations oN Breepine Flabrrats

The coastal areas at each etitrance to the
Panama Canal support extensive growths
of mangrove swamp with associated tidal
marshes,  Sifice the majority of Canal
Zone residenits live near the coast, it is
necessary in mosquito cortrol activities that
these areas be drained by a vast network
of tidal ditches to reduce impounded rain
waters.  Culicoides, being semi-aquatic in
the larval stages, are able to thrive in these
moist, tide-bathed swamps, which, in spite
of supetficial similarity, exhibit a range of
habitats which differ in their suitability
for Culicoides breeding.  Since control
efforts are costly, it is desirable to know the
preferred and tolerated habitats of a given
species. The swriter has classified breeding
habitats into eight principal types, as fol-
lows.

Type 1. Black muck mangrove swamp,
non-inundated —Areas well rermoved from
the ocean shore line with tidal ditches for
drainage. Soil of the black muck type,
rich in anima! and vegetable matter, matted
together with fine roots. Usually saturated
with salt water, the sotirce of which is
seepage and spillage from ditches with the
incoming high tides. Sometimes supet-
saturated (oozing to the step) in low areas
and near ditches after highest tides; occa-
sionally temporarily inundated at time of
high tides coupled with heavy rains. Con-
spicuous vegetation completely dominated
by mangrove trees (Rhizophoro mangle
L.). Salinity, varying with amount of
rainfall, ranges between 5.4 and 26.4 parts
per thousand.

Type 2. Black muck mangrove swamp,
inundated —Areas near the ocean shore-
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' line, usually ditchless, exposed to frequent
inundation by high tide water. Swamp
floor of black muck soil as in type 1, above.
When not actually inundated by sea water,
the soil is saturated. Foliage more sparse
than in type 1 habitat and soil temperatures
a littde higher.

Type 3. Coral sand mangrove swamp,
non-inundated —Areas near the ocean
shore line which were at one time exposed
to high tide inundation and were type 4
habitats, but which have been isolated
from direct inundatioi by man-made ob-
structions, in most cases road banks. Suff-
ciently close to the ocean so that seepage,
father than inundation, is the source of the
salt water environment. Usually not so
well drained, resulting in more of a rain-
tide mixture. Salinity, 165 to 3r.5 parts
per thousand.

Type 4. Coral sand mangrove, inun-
dated —Ditchless areas near the ocean
shore line exposed to frequent inundation
by high tide water. The soil more of a
mixture of black muck and coral sand, the
latter forming the top one-half inch or so
of the swamp floor. Soil smooth with a
lack of matted roots, less decaying matter
than in black muck type. Inundating
wiater is sea water.

Type 5. Mangrove tide ditch muck —(A
dry weather condition.) Many areas well
removed from high tide inundation, re-
ceive sea water only in and near the drain-
age ditches as a result of high tide fow in
the ditch channels. Thus, in dry weather,
there is created a super-saturated cozing
muck in the sides and bottoms of these
ditches, fully exposed to the sun with little
or no vegetation except algae. The soil
temperatures are usually in the nineties,
and the salt content is from 265 to 315
parts per thousand. '

Type 6. Salt marsh.—Unshaded areas of
low elevation characterized by a covering
of grasses and sedges. Not much breeding
except in and near drainage ditches travers-
ing the area. The soil in these ditches is
4 grey or brown muck, saturated to super-

saturated, exposed to sun and light. The
aalinity is from 15 to 36.5 parts per thou-
sand.

Type 7. Fresh water mangrove swamp.
-—Areas adjacent to rivers or fresh water
streams flowing through mangrove swamp
or salt marsh. Tidal drainage ditches
empty into these streams which carry the
drainage watet out to sea with the de-
scending tide. For the most of their length
these strears have insufficient effect to
chatige the typical mangfove environment;
however, certain topographic peculiarities
may result in a predominantly fresh water
habitat near these streams within the con-
fines of an otherwise saline area. Except
for salinity, the habitat is very similar to
the salt water types, 1 through s.

Type 8. Adjacent forests—Forest areas
adjacent to mangrove swarips. Character-
istic vegetation includes the star apple
(Chrysophyllum), wild fig (Ficus), al-
mendro (Dipteryx panamaensis), maragua
(Poulsenia armate), and many palms,
aroids, heliconias, and lianas (Wirth and
Blanton, rgsg). Soil, at least in places,
sufficiently moist for Culicoides breeding,
usually saturated to inundated in rainy
season, high in organic matter. A fresh
water habitat.

EcoLocicaL OBSERVATIONS

The distribution of the various species
according to the type habitat in which they
were found is given in Table 1. The rela-
tive reliability of a habitat association with
a given species may be ascertained by the
number of times the species was found in
a particular habitat, the number being
given in the table.

In a number of instances, two or more
species were collected from the same cage
at the same time, thereby establishing a
tolerance for the same larval habitat. The
associations so observed are listed under the
discussions of the species, which follow:

Culicoides  alahialinus  Barbosa.—Col-
lected 1 female from a cage placed on bank
of Puerto Escondido River (type 7 habitat)
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at  margin  of well-drained mangrove  completes the year-rotind distribution. This

swamp, December 5, 1958, The soil was
saturated from river seepage and rainfall.
The adult was associated with C. leopoldor
and Stilobezzia sp.

Culicoides barbosai Wirth and Blan-
ton—Collected 74 specimens (32 males,
2 fernales) from 20 collections in 11 loca-
tions tepresenting 5 salt habitats. Recoy-
ered from cages during each calendar
month except May and July, but its pres-
ence in biting records during these months

TABLE 1.—~Distribution of the Heleid species recovered from emergence

species, while well distributed in coastal
mangrove areas, seems o show preference
for coral sand habitats (types 3 and 4)
near the ocean shore line. Fotnd 'n cage
jars with C. furens, Dacyhelea sp., Stilo-
bezzin antennaliz, und S. (oqm//c m, rtare(!
from miuck samples with C. triidadensis.
Culicoides debilipalpis gt —Collected 3
adult males from fustl}rdtfd, black tnuu
mangrove in Galeta s*"lmp August 3,
1959, and another male from the same

different habitat types

Number of times collected species from each ha
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Culicoides
alahialini: [ r — - - - -
furbosal 20 i1 4 3 s 6 I — — —
debilipalpis gr. 2 3 2 - - — _ - _
diabolicus 4 4 2 — — 1 _ — ; —
Jurens 239 66 184 13 29 4 2 7 — —
gorgasi 3 3 q — — — —_ — — —_—
i [ 1 — —_ — — — — —
offina 4 1 - e
Insignis 2 2 — — — — — — - ,
lenpaldol 12 3 —_ —_ — — _ _ , .
Peracnils I 1 —_ —_ . — — _ _ .
reticelatis 5 2 — — _— o . — - .
srinidadensis I 1 — — — 1 — — —_ _
woket 2 2 — — 2 — _ — _ _
Adrrichopogon sp. 3 3 2 T — — — . — —
Bezsia sp. I 1 — — — — — — T —
Daivhelea sp. 27 19 20 2 — — 5 — _ _
Forcipomyia
raleighi 3 2 — — — — _ 3 _
. 5 4 4 = = = = = -
Helea fuscivenosa 3 2 3 — — — — — — —
Johonnsenomyia sp. 2 2 — — — — — — . 5t
Stilobezzia
antennalis 3 3 1 — — — — — — B
coquilletti 3 3 1 — — — — — — 2
spy 4 3 1 e — — f— . 3 —

* Reared from tree-hole collected larvae.

+ A crab hole was under the cage from which this collection was made.

1 Margin of fresh water stream.
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type habitat (type 1), but from a different
location, September 14, 1459. Found in
association with C. furens.

Culicoides digholicus Hoffman —This
species is the most numerous in light trap
collections, but its preferred breeding hab-
itat has escaped detectioni. Five specimenis
{4 males, 1 female) were recovered from
3 habitats. The species was found in man-
grove swamp (habitat types 1 and 4) and
in a fresh water mangrove situation, along
the bank of the Puerto Fscondido River
(type 7 habitat). The species was recov-
ered during October, November, and De-
cember, 1958, Found associated with €.
furens in the salt mangrove, and with C.
leopoldoi and C. jnsignis in the fresh watet
situation.

Culicoides  furens  (Pocy).—Collected
hindreds of specimens from 239 cage col-
lections representing 66 locations and all
six of the salt water habitats. No specimens
were recovered from fresh water habitats
7 and 8; however, many collections were
made in areas of rather low (1.5 to 5.8
parts ro00) salt content.  Widely distrib-
uted throughout the mucky salt water
bathed coastal areas, year round. Reaches
greatest abundance in mangrove swamp or
marsh only partially shaded. Denssst popu-
lations found in super-saturated muck of
tide ditches with no standing water and
partially or fully exposed to sunlight. Vir-
tually absent in densely shaded mangrove.
Collected in association with C. barbosai,
C. debilipalpis gr., C. diabolicus, C. gorgasi,
C. guyanensis, C. trinidadensis, C. wokei,
Dasyhelea sp., Atrichopogon sp., Forcipo-
myia sp., and Helea fuscivenosa.

Culicoides gorgasi Wirth and Blanton—
Collected 3 females from 3 locations in a
single habitat (type 1, black muck man-
grove). Two specimens were taken in
February from Galeta swamp cages, and
i specimen in May from a Fort Randolph
cage. Associated with C. furens and Dasy-
helea sp.

Culicotdes guyanensis Floch and Abon-
nenc.—Recovered 2 male specimens from
a Galeta swamp cage, type 1 habitat (black
muck mangrove) on April 20, 1950, dlong
with- 30-specimens of C. furens. This s

the same cage, in the samie location, from
which a single specimen of C. go
taken on February 23, 1959,

Culicoides hoffmani Fox —Five speci-
mens {2 males, 3 females) recovered from
a single location in black muck mangrove
habitat (type 1) with from 1 to = iriches
of standing watcr. Cage operated in posi-
tion for a period of 6 cage-weeks, October
a1, 1958-December 35, 19358, near Rainbow
City. €. hoffmani was recovered in this
location to the exclusion of other species,
although a subsequent study revealed no
special habitat characteristics, except for
standing water.  Specimens of C. furens
were recovered from a nearby cage in the
same habitat.  This species was reported
from tree hole debris by Fox {rg40).

Culicordes insignis Lutz—Only 2 speci-
mens of this species were recovered from
emergence cages; a female from a rain
saturated farest floor near Coco Solo Hos-
pital, December 13, 1958, in associdtion
with C. leopoldor and C. digkolicus, and a
male from stagnant water over a manhole
cover at Coco Solo Hospital on Adgust
17, 1959.  This species is reported by
Wirth and Blanton (1g59) as being abun-
dant in the arid tropics cow pasture coun-
try, a condition which does nor evist on
the Atlantic side.

Culicordes leopoldoi Ortiz —Collecred
45 specimens (18 males, 27 females) from
12 collections in 5 locations, representing
3 fresh water habitats (types 7 and 8).
This species was recovered frequently from
cages along the bank of the Puerte Fscon-
dido River, a fresh water mangrove situa-
tion, during November, Decemnber, and
Januvary. Two males were taken from 4
cage in a saturated forest area near France
Field on December 8§, 1958. Collected in
association with C. digbolicus, C. alihic
linus, C. insignis, Bezwia sp., and Stlo-
bezzia sp.

Culicoides  paracnsis  (Goeldi).—One
male emerged on September 8, 158, From
tree hole debris collected Septerber 5,
1958.

Culicoides reticulmus Lutz—~—Recovered
41 specimens (32 males, g females) from
5 collections in 2 locations representing 2
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habitats. Four collections were from a
saturated forest floor (type 8 habitat), and
one collection, yielding a single specimen
was from a type 4 (inundated coral sand
mangrove) habitat, but this cage was
placed over a crab hole which might have
been the source of the specimen. This
species has been previously reported from
crab holes by Lutz (1913) and by Forat-
tini (1957). Indications are that this is
predominately a forest floor species in well
saturated areas during wet weather. Col-
lected July, August, and September, 1959.
No associated species.

Culicoides trinidadensis Hoffman—Two
fernales emerged Augtst 10, 1959, from
soil samples taken from a type 4 habitat
(non-inundated coral sand mangrove), July
37, 1959, o Largo Remo Island. Galeta
Point light trap where large numbers of
this species are taken is in close proximity.
In association with C. furens and C. bar-
bosai.

Culicoides wokei Fox—Recovered 7
specimens (3 males, 4 females) from a
coral sand mangrove habitat in Galeta
swamp, October 13, 1958, and 11 speci-
mens (5 males, 6 females) from the same
type habitat (type 3) on Pina Guapa
Island, off Galeta Point, August 17, 1950.
In association with C. furens.

Atrichopogon sp—Collected 7 specimens
(5 males, 2 females) from 3 locations repre-
senting 2 mangrove swamp habitats. One
male emerged along bank of tidal ditch in
non-inundated mangrove (type 1), Coco
Solo Swamp, February 9, 1959, and 2
females in a like habitat in Galeta swamp,
March g, 1959. Recovered 4 males from
a cage in type 2 habitat (black muck man-
grove, inundated) on August 4, 1958, in
association with C furens, and Dasyhelea
sp.

Bezzia sp—~Recovered 1 male specimen
from the bank of Puerto Escondido River
(type 7 habitat) November 28, 1958. In
association with C. leopoldoi.

Dasyhelea sp—Collected numerous speci-
mens of several species from a variety of
habitats. Well distributed in mangrove
areas and quite often (18 of 27 collections)
associated with C. furens. Reaches greatest

abundance in super-saturated ditch minck
and simifar areas of swamp which are
exposed to the sun and with little or no
visible vegetation. Woke (t9s54) gives a
more cotnplete account of Dasyhelea breed-
ing in the Canal Zone. [n addition to C.
furens, representatives of this genus were
found in association with C. barbosai, C.
gorgasi, Atrichopogon sp., and Forcipo-
myia sp. Woke (1954) reports the recovery
of Dasyhelea larvae July through Septem-
ber. The writer has emergence cage rec-
ords for each month except April, May,
and June, normally the last three months
of dry season.

Forcipomyia sp.—A total of 12 speci-
mens {7 males, 5 females) was recovered
from 4 collections in type 1 mangrove in
3 different swamps, Galeta, Coco Solo, and
Margarita, in February, September, and
December, respectively.  Associated with
C. furens in the Galeta collection. In
February, 1959, numerous specimens were
taken in association with a dense: popula-
tion of Dasyheles in a single collection
from the ocozing muck of a tide ditch,
open to the sun (type 5 habitat). Also
present in this collection were Stilobezzia
antennalis and S. coquillert.

Forcipomyia raleighi McFie~—Collected
a single female from the bank of Puerto
Escondido River, January 6, 1959, with no
associated heleids. Collected 6 males and
6 females from an emergence cage in fresh
water pocket of mangrove swamp, January
6, 1959, and an additional male and 2
females, January 19, 1959. In each case,
considerable decaying leaves were covered
by the cage, ground moist, but not mucky.

Helea fuscivenosa (Lutz)~Collected
a total of 7 specimens (4 males, 3 females)
from 2 locations from a single (type 1)
habitat. One female emerged along with
several specimens of C. furens, from a cage
near France Field, August 18, 1958. Three
males, along with several specimens of C.
furens, emerged from a Galeta mangrove
swamp, August 9, 1959, followed by the
recovery of 1 male and 2 females from the
same cage, September 15, 1g59.

Johannsenomyia sp—Collected several
specimens {rom two separate cages along
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the margin of a narrow and shallow por-
tion of the Majagual River near France
Field, March g, 1959. In association with
Stilobezzia antennalis, and S. coquilletti.
Area exposed to the sun.

Stilobezzia antennalis (Coq.) and S.
coquilletti K.—These 2 species were found
in relatively large numbers on the margin
of shallow portion of the Majagual River
near France Field, March 9. 1g59. Tn asso-
ciation with each other dand with a species
of [ohannsenomyia, and with C. barbosar.
Woke (1954) reported S. coquilletti reared
from larvae taken from algae and black
muck from a shallow strearti of fresh water
flowing through tidal marsh, a situation
not unlike that reported here. “Also col-
lected in association with Forcipomyia sp.
in a collection from mangrove swamp near
Rainbow City.

Stilobezzia sp—~Several specimens each,
of two species, collected in association with
C. leopoldoi, November 24, 1958, from
bank of Puerto Escondido River (type 7
habitat). The same 2 unidentified species
were collected from a different cage in the
same habitat on December 5, and again on
Deceriber 15, 1959. In association with
C. dlohialinus in the December s, collection.

SumMMARY

Observations on the breeding places of
14 species of Culicoides and representatives
of 7 other genera of Heleidae are recorded.

Results are based on collections made be-
tween July, 158, and September, 1959, in
and near coastal mangrove areas of the
Panama Canal Zone. In addition to hab-
itat descriptions and listings, the larval asso-
ciations and dates of occurrence are given
for cach species.
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