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SALT MARSH TABANIDAE (DIPTERA): COMPARISON OF ABUNDANCE
AND DISTRIBUTION IN SPAR TINA AND JUNCUS HABITATS!

l By W. E. Dale and R. C. Axtell2

AbJtract: Greater diversity in species and higher numbers
of adult female Tabanidae were collected (sticky traps and box
traps) in SPartina than in Juncus marshes in the central coast of
North Carolina during a 2-yr study. The 3 most abundant
species for both types of marshes were Tabanus nigrovittatus
l<Iacquart, Ch~YJops atlanticus Pechuman, and C. fuliginosus

'This research was supported in part by an Agency for
International Development, U. S. Department of State fellow-
ship and by NOAA Office of Sea Grant, Department of Com-
merce, under Grant No. 04-3-158-40. Paper No. 4539 of the
Journal Series of the North Carolina Agricultural Experiment
Station.

'Predoctoral Fellow and Professor, respectively. Present
address of "W.E.D.: Department of Entomology, Universidad
Nacional Agraria, La Molina, Lima, Peru.

'Wiedemann. T. nigrovittatuswas collected from 10 May to 25
September and had I peak of abundance from 5 to 14 JlU1e;
C. atlanticus was collected from 23 April to 26 September, with
I peak of abundance from 31 May to 8 June; C.fuliginosuJ was
present from 8 April to 8 June, with I peak of ablU1dance in the
1st week of May. Horizontal distribution in Spartina marsh
babitats was determined by sticky traps. The highest numbers
of T. nigrovittatus were trapped in the marsh; the lowest were
obtained from the upland behind and inside nearby woods.
Highest numbers of C. at/anticus were collected in the upland
behind the woods and slightly less in tbe inner marsh; the lowest
numbers were obtained from the upland inside the woods, the
ecotone and the outer marsh. Highest numbers of C. fuliginosus
were trapped in the inner marsh and the lowest from upland
behind the woods.
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Tabanus nigrovittatus :Macquart, Chrysops allantiCZls
Pechuman and Chrysops JuligilZosllS 'Wiedemann
cause considerable annoyance because of their bites
and persistent attacks on humans and animals in
salt marshes and adjacent areas along the eastern
coast of the United States (Stone 1938, Philip 1947,
1965). In a survey of public opinion conducted
on the coast of North Carolina, Gerhardt et a!.
(1973) found that, among the biting Diptera,
tabanids were considered 2nd to mosquitoes in
importance as human pests. The above species
have not been shown to be important vectors of
pathogens, although Goldfield et a!. (1968) isolated
the virus of western equine encephalitis from T.
nigrovittatus in ::\ew Jersey and suggested that this
species may be able to transmit eastern equine
encephalitis virus among horses. Related coastal
species can transmit hog cholera (Tidwell et a!.
1972) .

Records on seasonal abundance and habitat

preferences for adults of these species are limited
in North Carolina (Brimley 1938), although recent
studies have revealed the distribution of tabanid

larvae in various marsh habitats (Dukes et al.
1974a, b).

This study was conducted to compare the abun-
dance of the adult tabanids in Spartina and Juncus
salt marshes in coastal North Carolina and to deter-
mine the seasonal abundance and horizontal

distribution of T. nigrovittatus, C. allanticus and C.
Juliginosus, which \\'ere the most common species
collected in preliminary studies.

MATERIALS AND METHODS

Studies were conducted during the spring, summer
and fall of 1971 and 1972 in the vicinity of Morehead
City, Carteret County, North Carolina.

Description oj study sites
Four salt marshes and adjacent areas were studied.

Each study area could be divided into 3 habitat
types: (1) the lowest portions of the marsh nearest
the water sources, flooded twice a day, with
Spartina alterniflora Loiseleur (smooth cordgrass) the
dominant vegetation; (2) portions at slightly higher
elevations, flooded at irregular intervals, with
JuncllS roemerianus Scheele (black needle rush) the
dominant vegetation; and (3) portions at the highest
elevations, not flooded, with pine-deciduous woods
the dominant vegetation. Between the marsh and
woods was a transition zone or ecotone, at inter-
mediate elevations; this was less often flooded than
the marsh proper.

Two of the study areas were mostly Spartina
alterniflora and 2 were mostly JuncllS roemerianus.
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Spartina salt marshes. The 2 areas (A and B) were
300 m apart along Newport River, 3 km NW of
Morehead City. Area A was studied in 1971. The
marsh was 125-140 m wide. A man-made drainage
ditch, 3-4 m wide, built for mosquito control, ran
in a SW to NE direction in the upland perimeter
and was connected to Newport River by a natural
ditch, 2 m wide. The ecotone was 1-10 m wide
and contained spoil piles at regular intervals. The
woods was 53-62 m wide. Area B was studied in
1972. The marsh was 76-100 m wide. The same

man-made ditch as found in area A occurred along
the upland limits. The ecotone was 1-10 m wide
and had regularly placed spoil piles. The woods
was 126-148 m wide.

In both areas, the marsh plant cover was 98%
S. altemiflora (x = 270 plants/m2; mean height =
1 m) and 2% J. roemerianus (mostly in patches near
the upland). The plants in the ecotone were
mostly J. roemerianus, Spartina patens (Aiton) Muhlen-
berg and Distichlis spicata (Linnaeus). Pinus taeda
Linnaeus was the dominant species on the spoil
piles. The woods consisted of mostly P. taeda,
Comus florida Linnaeus and vVisteria sinensis (Sims)
Sweet.

Juncus salt marshes. Area C, studied in 1971, was
located at the middle of a peninsula (3.2 km wide by
5.6 km long), flanked by Jarrett Bay and Core
Sound, 24 km NE of Morehead City and 800 m
from Davis. The study area was part of an extensive
marshland which covered more than 1/2 of the
peninsula. 'Within the marsh, there were 2 parallel
man-made ditches 5 m wide, running in a S\V to
NE direction; perpendicular to these main ditches
and at 200-m intervals was a series of man-made

ditches (2-3 m wide) forming a drainage network
for mosquito control. The ecotone was 11-84 m
wide. The woods was ca 800 m wide.

A pure stand of J. roemerianus (i = 3136 stems/m2;

mean height = 1.3 m) covered 61% of the surface.
Near the ecotone there was a mbcture of J. roemeri-
anus, Fimbristilis spadicea (Linnaeus), Salicornea virginica
Linnaeus and Setaria glauca (Linnaeus) Beauvois.
The ecotone plant cover was composed of J. roemeri-
anus and D. spicata. The woods consisted of mostly
P. taeda.

Area D, studied in 1972, was located at Hoop
Hole creek, in front of Bogue Sound' and 2 km W
of Atlantic Beach. It, and the neighboring marsh,
contained no ditches. The ectone was 0.5-4 m
wide. The woods was 50-150 m wide. A mixture

of J. roemerianus (i = 2110 stemsfm2; mean height =
0.3 m) and D. spicata covered 73% of the marsh.
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A mixture of S. alterniflara, D. spicataand S. virginica
covered the remainder of the marsh. The plants
in the ecotone were mostly D. spicata and Barrichia
frutescens (Linnaeus) de Candolle. The woods
consisted of mostly I. varnitaria, Quercusvirginiana
1Iiller and Juniperus uirginiana Linnaeus.

Trapping methadsand trap arrangement
The horizontal distribution of the tabanids, as

well as their abundance, was measured by sticky
traps (Joyce & Hansens 1968). Each trap consisted
of 4 black masonire 0.3 by 0.3 m panels (I ft2) ,
mounted on a wooden red pole (FIG. 1). The base
of the panels was 1.2 m above the ground. The 8
surfaces exposed by each trap were recoated with
Stickem SpecialD3, at \\'eekly intervals. Additional
data on the relative abundance were obtained bv
box traps (FIG. 2), modified from Granger (1970)'.
The traps were painted black. The base of the
box was 1 m abo\'e the ground and the flies entered
through the open bottom. A piece of No Pest@
strip containing dichlorvos insecticide4 was placed
inside the collecting container to kill the flies.

0 0.15 0.30 m

FIG.!. Diagram of a sticky trap.

'Michel & Pelton Co., Oakland, Calif. 94608, U.S.A.

'Shell Chemical Co., Agricultural Division, San Ramon,
CaEf. 9.Jc583, U.S.A.

collecting container
..........

0 0.15 0.30m

FIG. :2. Diagram of a box trap.

Spartina salt marshes. In area A., 18 sticky traps
were arranged in 3 parallel rows (30 m apart) from

the upland out into the marsh. There were 3 traps

behind the woods, 3 in the woods, 3 in the ecotone,

and 9 in the marsh. The distance between adjacent
traps within a row was 30 m. A box trap was
located in the woods and another in the marsh;

both were 30 m from the nearest sticky trap. In

area B, 15 sticky traps were arranged in 3 parallel
rows (30 m apart) from the upland out into the
marsh. There \,'ere 3 traps behind the woods, 3
in the \\'oocls, 3 in the ecotone, and 6 in the marsh.

The distance betv;een adjacent traps within a row
was 30 m in the marsh-ecotone and 60--90 m in and

behind the \voods. A box trap was located in the
ecotone and another in the marsh; both were 30 m

from the nearest sticky trap.
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TABLE 1. Total numbers and relative frequency ('Yo) of adult Tabanidae collected by sticky and box traps in
2 types of salt marshes in 1971 and 1972.

TYPE OF SALT ~!ARSI!

Chrysopsjuliginosus Wiedemann
Tabanus nigrovillatus ",racquart
Chrysops atlanticus Pechuman
Leucotabal/us anl/ulatus (Say)
Chrysops brimleyi Hine
Tabal/us lineola Fabricius

Hybomitra lasiophthalma (Macquart)
Diachlorus jerrugatus (Fabricius)
Chr)'Sopsfiat'idus \ Viedemann
H}'bomitra daeckei (Hine)
ChrysoiJs obsoletus \Viedemann
Tabanus pumilus ",Iacquart
Other species
Totals

Spartina (AREASA & H)

Sticky trap Box trap

28,030 (49.7) 14 ( 0.2)
23,942 (42.5) 6369 (97.3)

3081 ( 5.5) 36 ( 0.6)
398 ( 0.6) 1
219 ( 0.4) 0
161 ( 0.3) 65 ( 1.0)
158 ( 0.3) 3
69 ( 0.1) 1
55 ( 0.1) 0
54 ( 0.1) 0
52 ( 0.1) 6 ( 0.1)
51 ( 0.1) 4 ( 0.1)
78 48

56,3-l8 6547

Juncus (AREASC & D)

Sticky trap Box trap

2519 (16.8) 6 ( 0.3)
7610 (50.9) ]897 (95.4)
4631 (31.0) 39 ( 2.0)

23 ( 0.2) 0
0 0

61 ( 0.4) 18 ( 0.9)
3 0

48 ( 0.3) 0
6 0

28 ( 0.2) 0
0 0
1 0

28 29
H,959 1988

i
{;

Junws salt marshes. In area C, 24 sticky traps
were arranged in 3 parallel rows (30 m apart and
30 m between adjacent traps within a row). There
were 6 traps in the woods, 9 in the ecotone and 9
in the marsh. A box trap (50 m from the sticky
traps) was located in the woods, ecotone and marsh.
Area D had 9 sticky traps arranged in 3 parallel rows
(30 m apart, 60 m between traps within a row) and
all were located in the marsh. Two box traps
(65 m apart) were in the marsh and 50 m from the
nearest sticky traps.

Data collection and analysis
During peak fly populations, both types of traps

were examined twice a vleek; at other times, counts
were at weekly intervals. The flies in most cases
were identified in the field. Only females were
counted; very few males were trapped. After
counting, all flies were removed and the Stickem@
renewed.

Relative tabanid abundance according to the
type of marsh \vas determined by combing the
collection data for the entire season for areas A and

B (Spartina salt marshes) and areas C and D (Juncus
salt marshes). The relative abundance of individual
species was determined by summing the data col-
lected by both types of traps for all the areas and
expressing the results as percentage of the total.
Only the sticky trap collection data were used to
express the seasonal abundance for the 3 most
common species.

The horizontal distributions of T. nigrovittatus,
C. atlanticus and C. fuliginosus in Spartina salt marshes
(areas A and B) were analyzed by using data from
the sticky traps for consecutive collection dates in
which the average numbers of flies of a given
species per trap per day were 2 or more. This

involved data from 31 1Iay to 20 July in area A and
from 4 June to 10 August in area B for T. nigrovittatus,
from 31 l1a y to I I June in area A for C. atlantiws
and from 6-18 1Iay in area A for C. fuliginosus.
The number of flies per species taken on each of
the collection dates was independently analyzed as
a randomized complete block, with 6 treatments
(trap positions) and 3 replicates (rows) for area A,
and 5 treatments and 3 replicates for area B.
Honestly significant difference (h.s.d.) values
(Tukey's test) at the 0.05 level of significance were
used for partial 2-treatment comparisons.

RESULTS AND DISCUSSION

Comparison of Spartina and Juncus marshes
During this 2-year study, 79,842 adult tabanids

belonging to 32 species and 6 genera were collected.
The most abundant (more than 50) are listed in
TABLE 1. In the Spartina salt marshes 31 species
were collected and in the Juncus salt marshes only
20 species. In the Juncus marshes the number of
species in the genus Tabanus was 44% less and in
Chrysops 38% less than in the Spartina marshes. The
Spartina salt marshes produced 3.7 times more
tabanids than the Juncus marshes. Davis & Gray
(1966) found about 40 times more inseets in Spartina
than in Juncus marshes but their data included very
few tabanids (due to the inadequate sampling
methods).

The 3 most abundant species in our collections
(accounting for 98% of the total) for both types of
marshes were T. nigrovittatus, C. fuliginosus, and C.
atlanticus. These species, along with T. lineola
Fabricius, have been reported to predominate in
other salt marshes of the Atlantic coast of the United

States (Jamnback & Wall 1959, WaIl & Doane
1960). In our areas, there were very few T. lineola.

\

I
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FIG. 3. Average number of
flies,'trap/day for Tabanus nigro-
,iltatlls 1Iacquart, in Spartin"
(areas .-\ & B) and jllacus (areas
C & D) marshes during 1971
and 1972.[
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Seasonal abundance

The abundanceof T. nigrol'ittatus in Spartina and
Juncus marshes is illustrated in FIG. 3. For both

Spartina marshes there was 1 peak of abundance
from 5-14 June, approximately 1 month after the

emergence of the first adults, foUO\\'ed by a sudden
decrease of the population to low levels which were
maintained until the end of the summer. This is

essentially the same pattern described for l\Iassachu-
setts by '\Vall & Doane (1960). A similar peak
occurred in the JUIlCUS marsh area C, although

numbers were very low. In the other Juncus marsh
(area D), there were fluctuations in the low numbers

throughout the season.
C. atlanticus (FIG. 4) was collected from 23 April

to 26 September. Therewas 1 peak of abundance,

from 31 May to 18 June. Field observations on
biting activity for 2 consecutive years revealed a
return of high numbers of flies during the last 1/2

of August but this was not shown by the trap data.
By comparison to higher netting counts, it is ap-

parent that the traps were relatively poor collectors
of C. atlanticus.

C.juliginosus (FIG. 5) was collected from 8 April to

8 June. Data were obtained only for areas Band
D. The emergence of the first adults coincided

with increasing temperatures with the advent of
summer, as observed by Jamnback & \Vall (1959).
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There Vias 1 population peak, in the 1st week of
f.-Iay, followed by a sharp decrease in numbers;

the adults completely disappeared 1 month later.

Hansens & Robinson (1973) observed in New

Jersey that after the peak was reached, activity for
this species declined abruptly.

The seasonal abundance of these flies is influenced

by the changing weather, particularly the tempera-

ture. It is apparent from comparing our data to
previously published data (Anderson 1971, Anderson
& Kneen 1969, Bailey 1947, Blickle 1954, Brennan
1935, Hansens 1952, Hansens & Robinson 1973,

Jamnback 1969, Jamnback & Wall 1959, Jones &

Anthony 1964, MacCreary 1940, Pechuman 1957,

1972, Stone 1938) that T. nigrovittatus, C. atlanticus
and C. juliginosus exhibit a delay in the time of peak
abundance from southern to northern latitudes along
the eastern coast of the United States.

Horizontal distribution

T. nigrovittatus collections from sticky traps showed
significant differences among the trap positions in
80 % of the 15 collection periods in area A in 1971

and in all of the 15 collection periods in area B in
1972 (TABLE 2). In both years the results were
essentially the same and there was no change in
the distribution of the flies during the season. More
flies were trapped in the outer marsh, nearest

SPARTINA

... ...-..........
I I I I I I I I . I . I I I I I I I I I I I I I I I

mIL IUNE IUlY

IUNCUS FIG. 4. Average number of
flies/trap/day for Chrysopsatlanticus
Pechuman, in Spartina (areas A
& B) and juncus (areas C & D)
marshes during 1971 and 1972.

. I I I I I I I
" 15 20 15 " S " IS 1115 JO
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FIG. 5. Average number of flies/trap/day for Chrysops
fuliginosus vViedemann, in Spartina (area B1 and Juncus (area
D) marshes during 1972.

Newport River, than in any other trap position.
Progressively fewer flies were collected in the middle
and inner marsh, although the numbers were still
large. Significantly fewer flies were trapped in the
ecotone. Few flies were trapped in the woods and
behind the woods.

The high numbers of T. nigrovittatus collected in
the marsh of both areas and the decline in numbers

in an upland direction showed that this species does
not readily penetrate tall, dense vegetation and
woods. This agrees with observations made by
MacCreary (1940), Gerry (1950), Hansens (1952),
Jamnback & Wall (1959) and Rockel & Hansens
(1970). Wall & Doane (1960) reported that
chemical control of adults was more easily accom-
plished when the treatments were applied in the
marsh than in the upland bordering the marsh,
where the adults were not as numerous. However,
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TABLE 3. Horizontal distribution of sticky trap collections of Chrysops at/anticus Pechuman and C. fuliginoSlls
vViedemann in Spartina marshes.

l\1EAN NO. FLIES/TRAP POSITION/COLLECTIO:-iDATE

MAY JUNE

II 14 18 2 4{5
STICKY TRAP

POSITION * 6

Chrysops atlanticus (area A, 1971):
Behind woods
\Voods
Ecotone
Inner marsh
Middle marsh
Outer marsh

h.s.d.** (0.05)
ChO'sops fuliginosus (area B, 1972):

Behind woods 280.3
Woods 575.3
Ecotone 353.7
Inner m:mh 10+1.0
Outer marsh 702.7

h.s.d. (0.05) 353.6

*Three traps/position.
* *Tukey's test.

***Not significant.

299.7
603.0
519.0
901.7
771.3
409.9

Rockel & Hansens (1970) collected, by netting,
more T. nigrouittatlls close to the upland than out in
the marsh, whereas our sticky trap data did not
reveal a similar aggregation.

C. atlanticus and C. Juliginosus collections from
sticky traps were large enough for analysis in only
4 periods for each species (TABLE3). Significantly
more C. atlanticus were trapped in the upland behind
the woods than inside the woods, in the ecotone or
in the marsh. The fewest were collected in the

outer marsh. Intermediate numbers were trapped
in the inner marsh. Although larval collections are
few, this species breeds in salt marshes (Knutson
et al. 1954, Jamnback & \Vall 1959, Pechuman
1972). Anderson (1971) observed that the adults
neither bite nor are attracted to hosts or traps
before mating and ovipositing a 1st batch of eggs
in the marsh; after this is done, they migrate to the
upland perimeter, seeking hosts for a blood meal.
In our study, the flies caught in the inner marsh
were probably that portion of the population which,
after ovipositing, initiated their migration upland.
The high numbers collected upland behind the
woods represented the concentration of the species
in the periphery of the woods and in the upland as
observed by Anderson (1973) and Hansens &
Robinson (1973).

In contrast to C. atlanticus, the highest numbers
of C. Juliginosus were collected in the marsh, par-
ticularly in traps located in the inner marsh. The
fewest were trapped in the upland behind the woods.
This species breeds in salt marshes (Fairchild 1937,
MacCreary 1940, Pechuman 1957, Dukes et al.

25.7
8.3
6.0

41.3
12.0
7.3

37.1

31.3
8.7

10.7
12.3
11.0
7.0

22.8

100.0
246.7
274.3
361.7
293.7
168.2

83.0
194.0
90.0

112.0
119.7
n.s.***

1974a, b) and after emergence, the adults move
upland (Catts & Olkowsky 1972). Hansens &
Robinson (1973) reported that, although the move-
ment is rather rapid, the species was more abundant
in the marsh adjacent to the ecotone than in the
upland and open marsh, which is in agreement with
our findings.

Our data demonstrate differences among the 3
species with respect to habitat preferences and the
time of greatest abundance. All species were more
abundant in marsh areas where Spartina alternijiora

was the dominant vegetation. T. nigrovittatus was
most abundant in the open marsh. C. Juliginosus
was found mostly in the inner marsh close to wooded
habitats. C. atlanticus was found in greatest numbers
upland in the periphery of the woods. Periods of
peak abundance differed among the species. These
differences should be considered in the placement of
sampling devices for ecological studies and for
timing and location of control procedures.
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