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FOREWORD

This bulletin on the salt-marsh Tabanide is one of » series of Mw
York State Museum and Science Service publications dealivg, with the
taxonomy. biology and control of the biting flies of New York State.
Previous bulletins have treated the blackflies (Simulidae). and work is
under wav preparatory Lo one on the sand flies or punkies (Culicoides,
Heleidae).

This series represents a continuation of studies in a field that has been
one of the principal roncerns of this oflice for many years. The more
recent investigations have been undertaken in the belief that with new
and different insecticides. new mechanical equipment for insecticide
application. and more precise knowledge of the taxonomy and biolo-v
of the groups involved. practical control measures can he developed.

Donarn L. Cornins
State Entomologist
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The Common Salt-Marsh Tabanidae
of Long Island, New York

BY
H. JamnBack
Entomologist
State Museum and Science Service

AND
W.J. Want

Suffoll County Vosquito Control Comimission

INTRODUCTION AND GENERAL BIOLOGY

The coastal salt marshes and adjacent heaches of New York State
provide suitable breeding habitats for several groups of hiting {lies that
are pests of men and animals, The most abondant and annoyire- of these
are the mosquitoes (Culicidac). Th  life histories of the different salt.
marsh mosquitoes and methods by which they may be controlled have
been studied extensively. Reasonably safe. cconomical. and effective
methods of control have heen developed. ITn Nassau and Suffolk Counties
of New York. mosquito control is carried out on a routine annual ba: ix.

Other biting flies that frequently are pests and that may breed along
the coast in =aline habitats are the stable flies (Stomoxys caleitrans,
Muscidae]. horse flies and deer flies (Tabanidae), and pumkies or sand
flies (Culicoides. Heleidae).

The stable fly breeds in many types of decaying veeetation. both along
the coast and inland. In coastal areas it breeds. in laree number  in
windrows of decaving scaweed. The Life history of these lies and methods
by which they mav be controlled have been studied by a number of
workers. Effective control of this species in coastal arce. b s heon repo ted
by Hansens 119511 in New Jersey and Quarterman ef al. (1951) in
Florida.

The other two groups of biting flic  that breed along the coast. the
tabanids and punkies. arc not so well known. Th  annoyance they cause
mayv be severe bul is generally localized because they do not inigrate far
from their breeding areas.

Profi or of Bioloey, Brideewater State Teacher College, Brideowater, Mass,

[7]
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A stndy of the annoving horse fliez, deer flies and punkies that breed
in the Long Island salt marshes was undevtaken in 1¢51 by the New York
State Museum and Science Service with the active cooperation of the
Suffolk County Mosquito Control Commission. The present report deals
with the salt-marsh tabanids. The first part deals with the identification
of the immature stages. the second with life history studies, the third
with control experiments. and the last with the effects of control on some
of the other =ult-marsh fauna.

The tabanid species. which are annoving to man in coaztal arcas of
Long lsland. and their relative importance were determined by collecting
fliez that were actnally biting or causing annoyance by huzzing around
the head or landing on the face or body. Four species make up the vasl
majority of specimens collected on Long lsland. These are Tabanus
nigrovittatus Macq.. Tabanus lineola Fab.. Chrysops atlantica Pech., and
Chrysops fuliginosa Waed.

Tabanus nigrovittatus, commonly known as the “salt-marsh green-
head™ along the eastern scaboard. is. by far. the most important of these
species as a pest of man. It is abundant in midsummer when outdoor
activities such as swimming. reercational fishine and picnickine are al
a peak. and it readily attacks man. C. fuliginosa is. in some arcas, even
more abundant than 7. nigrovittatus and also attacks man readily. Tlow-
ever, it is present in numbers for only about a month (late May to late
June) on Long Island. It has largely disappeared hefore there are many
people in or near the salt marshes. C. atlantica attacks man readily and
is present during the entire summer after mid-June. but it is not very
abundant at any one time. 7'. lincola is moderately abundant during the
summer but rarely attacks man.

Details of the life historics of a number of species of Tabanus and
Chrysops have been given by various workers. There is sehstantial agree-
ment on several points, soggesting that species have similar life histore
and behavior patterns. Most species lay their eoo on vegelation over-
hanging water or moist soil. The egg masses usually consist of one
hundred to many hundred cggs laid in one 1o three or more overlapping:
Liers.

The location and shape of the egg mass are rather constant for a given
species. During egg-laying the female faces head down on the plant. She
deposits the eggs individually, by bending her abdomen down and at
the same time extruding an cgg. The tip of the ticks to the plant.
When the abdomen is raic «d to its normal position the eoo is oradually
drawn out. This process is repeated until rows and tiers of eeo (depend-
ing on the species) are built up. The end result is a mass in which the
eggs overlap one another and slope upward and in which the head of
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the developing larva iz at the upper end of the « == The cgg slage is
relatively short. lasting approimat Iy a week.

The larvae in a given mass all hatch at about the same time and the
first moult occurs shortly ther: after. The larvae of Tabanus are predaceous
and cannibalistic while those of Chrysops «enerally are not. Fhev srow
at an irregular rate: specimens hatching from the ssme mass often differ
considerably in length after a [ew weeks. The larval staee js of long dura-
tion. usually lasting throuzh one or two winters. Many species mis rate
lo drier ground prior to pupation. The pupal staze generally lasts one
1o two wecks., The matine behavior of the adnlts often incolces male
hovering. The life histories of the salt-marsh tabanids, as far as has been
ol. rved. follow a similar pattern. Thest species are considered indi-
vidually. beginning on page 27,

TAXONOMY

Association of the Immature Stages and Adults

Adult llies of the family Tabanidac have been extensively tudied. and
excellent keys and descriptions are available, Pechimman (19 ) has
published keys to species occurrine in New York State and desevibed
the adults.

The immature slages are not so well known, partly because of the
difliculty in finding and associatine the immature ste ex with the adults
and partly because of the lack of goud. disti- uishing charaet rs. In many
instances the larvae or pupac have heen reared 1o adults to determine
which species are breeding in a particular environment. but the immature
slages have not been described,

Where taxonomic studies of the immature stave. of this group have
been made within a limited arca. distinguishin,s specilie characters have
usually been found (see Harl. 1895 Hine. 1900: Neave, 19150 Malloch,
1917 Webb and Wells. 192.1: Caineron. 19205 Stone. 1€ 50 Philip. 1931
and others) .

FFor the most part. in the Lone Island s tudies. ouly large, nearly mature
larvae were kept for rearing. A discussion of the various rearine methods
used for tabanids was given by Philip 11928). The one deseribed helow
is essentially similar to those employed by other worker s where the larvae
were kept in jars that contained the media in which they naturally cecur.
Larvae were placed in one-third-pint jelly I containin » a small
amount of salt-marsh sod moistened with occan water. The water was
changed three times a wioek. and the larvae were fod at the thae . The
food included dipterous larvae, snail and picecs of fish, The lavae of
Tabanus species were observed feedine on many oe 2 dons, but thos  of
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Chrysopswere not. The rearing jarswere kepl covered Lo prevenl escape of
the larvae and Lo reduce evaporation and consequent changs in salinity.

Larvae of T. nigrovittatus. T. lincola and C. fuliginosa were reared to
adults. but those of C. atluntica weve not. although a special effort was
made. in 1957, to collect and rear mature larvae of the latter species
(see helow ),

Females were associated with ¢f » masses and recently hatehed larvae
by capturing them in the act ol oviposition. (T lincola) . or by oblaining
eggs from confined {emales (T, nigrovittutus and €. ful? dnosay. Im-
malure stages of C. atlantica were associated with adelts ouly by cirenm-
stantial evidence which we believe is reasonably conclusive. this may he
summarized as f[ollows:

1. Two morpholorically distinet types of Chry.ops larvae were re-u-
larly collected in salt marshes. One type possessed an exse.tile stigmatal
spine thal the other lacked.

2. Adults of ouly two speies of Chrysops, C. atlantica and €. fuli-
ginosa. were common in the <alt marshes.

3. One of these types of larvae was shown. by rearing larvace to adulis
and the hatching of an v mass laid in captivity. to be . fuliginosa.
These larvae lacked an oxsertile stig matal spine.

4. In July and August. the only Chrysops adults commonly collected
in the marshes were C. atlantica. Chrysops ¢ « masses were found during
this period in the salt marshes. The emerging larvae possessed a well-
developed exsertile stigmatal spine.

From this evidence we have concluded that the larvae po i din an
exsertile stigmatal spine and distinetive anal pattern Cfignee ?1T) are very
probably C. atlantica, and we have considered thew as - uely in this report.

Among the T'abanus species. the ¢ s, newly hatched Jarvae. mature
larvae and pupace of 7. wigrovittatus and 1'. lineold may be veadily dis
tlinguished. Two other morpholeeically distinetive Tabanus larvae were
collected in the <all marshes. Neither of the . was reared, One is alimost
certainly 7. atratus, which has heen dv wribed by many workers and is
distinetive in size and appearance. The other, which we have callod
Tabanus sp. Al is alare s translucent white larva with a distinetive patlern
ol anal pubescence. It was [ound only in a very wett muddy site (see
page 22) with a sparsc - rowth of tall S. alterniflora.

Since T. nigrovittatus breeds almost enticely in portior - of salt marsh
flooded by averaes: high tide | larval collecting was lar «ely confined to
this section of the marsh. Althon,:h further colleeting - and rearing would
undoubtedly add to the number of species known to breed in portions of
the salt marsh  subject to daily Hloodic—- our :tudies sue est that their
number is limited.
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& imples taken along the margins of tidal streams above normal high
tide limits and 1.ear brackish ponds on Long Island contvinnd a number
of morphologically distinct tabanid larvae unlik~ those found in the lt
marsh proper. Since these wer somewhat outside the scope of our study,
onlv a few were kept for rearing. One. a T. pumilus Macq. larva. was
collected from mud heside Phillip’s Creek in Quogue. The site is in the
fresh watcr zone bul is occasionally flooded by unusta'ly high tides. The
larva was collected on April 8. 1957, and pupated on April 2L A female
emerged on May 5. A T. nigripcs Wied. larva was collectcd from mud
beside East Branch Secatuck Creck on May 10. 1956, and pupated on
June 30. A male emerged on July 14. This site was about a mile inland
and was not flooded by even the hi_ hest tides, A T'abanus hinei Johuson
larva was collected from mud beside Big Iesh Pond Outlet. North Sea.
This site was above the normal high tide level hut was oceasionally flooded
by unusually high tides. The larva was collected on April 30, 1957, and
pupated on May 9. A male emerged on May 19.

The distribution records of some tabanids for whieh the tmmature
stages are not known suggest that they may breed in tidal or brackish
habitats. In New York. these include 7. daccker Hine, T'. sparus Whitn.,
T. sparus millert Whitn., C. ni+ sibimbo Whitn., and C. pudica ().5. (sec
Pechuman 1957).

MacCreary (1940) reared C. callide O.S., €. nigra Macq.. and C.
obsoleta Wied. [rom brackish water areas. He reared C. callida, C.
obsoleta, and C. striata 0.S. adults from larvae taken from tide wept
sandy soil, which supported a heavy growth of Nymphae.

MacCreary (1940) also recorded C. flurida Wied. larvae from tidal
areas. However, at least some of thesc specimens were C. atlantica. which
Pechuman described in 1949. Pechuman (1¢57) noted that C. sackeni
Hine larvae have been collected in organic mat rial at the edge of ralt
marshes.

With the exceptions of C. nigra, C. striata, C. sackeni, and C. ni+ -
bimbo. we have collected adults of all the specics mentioned i the
preceding three paragraphs. Ilowever. none of th » we at all comimon
in the salt marshes on Lon: lsland.

Obviously, much remains to be learned rcrarding the identification
and biology of the immature sta;« . of Tabanids in coastal rcvions. A
point of particular interest is the range of habitats in which a :iven
species may breed. Some are apparently restricted to tidal marshe e,
T. nigrovitiatus, C. fulivinosa. C. atlantica. Others uch as 7. line )la,
C. callida, C. nigre and T. nigripes can apj arently breed in both saline
and {resh water habilats.
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Characters Used in Identification
EGGS

The egas of most species of tabanids are laid in masses of about a
hundred to many hundred cees. The mumber for cach <pecies is variable.
depending. in parl. on whether or not the female is disturbed during
cgg-laving. Usually the eges are shincled. ie. they overlap one another
for more than ene-half their length and slope upward. Thart (1895) noted
that the ege masses of Tabanus consist of two or more tiers while those
of Chrysops consist ol a sing!e tier, Thix generie difference has proved
to be reasonably constant although several exeeptions have heen noted
{Izaac. 1920 Hine. 1903: Schwardt. 19300, An examination of Feures
of egg masses given in the literatuve and of those collected in the Tong
[sland <alt marshes indicate that. althon; b there is some vaviation, there
are specifie diffevences in theiv strneture, color and location as Schward
119532, 19301 noted for species found o Arkansas,

[ndividually the eges are elongate cigar-shaped. about 2 v, lone and
taper Lo a blunt poiut at cach end. Thev ave civeular in crvoss seetion and
about (.3 inm. in maximum width, The external surface is smooth. In-
ternally there i a micropyle cone that surronuds the micropyle at the
anteriov end of the oz Fhe head of the developing larva pos esses a
well-developed. dark. antecodorsal hatchiug spine. This hatehin- spine
appeared to be stmilar in all of the salt-marsh species. bat the shape of
the micropyle cone. although variable. showed specifie differences. In
some cases his was helpful in identification tfigure 11),

The developing larva of € atluntice s surronnded by a hatching
membrane. This membrane possesses a darl ned. selerotized anterior
point forming what appears to be an auxiliary hatching spine. The
membrane remains in the e shell after the larvae emerge. No trace of
the hatching membrane eoo horster conld be fonnd v matnree o -« - of

T nigrovittatus. T, lincola. T atratus, ov C. fuliginosa, or inceec hell - of
these species alter the larvae emerged.

The egg masses usually weve kept in vials until the Tarvae emevad
hoth were then preserved i aleohol. The newly hatehed Livae provided

further confirmation of the identity of the respective species,

LARVALE

The newly hatched larvae are abont as long: o the e Trom which
they emerge. The patterns of the thoracie and abdominal w wment are
much less distinet and complete than are those of Tay ser Specimens, The
mature larvac of Chrysops are generally about 1, nun. lone while those
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of Tabanus are 25 mm. or more in leng th (7. arratus is about 50 mm.
long). The body is made up of a retractile. incompletely selerotized head.
three thoracic segments. eight abdominal segments. and an anal siphon.
Detailed descriptions of the larvae are ~iven by Biving tin webh and
Wells. 1921) and Stone ¢1930). Cook (1949) described the head strue-
lures in detail.

Tabanus larvae can he distinguished from those of Chrysops by the
diameter of the tracheae. antennal segment lengths, and deg.ee of stria-
tion on the thorax tsee kev, page 11, Speeifie diffevences may he {found
in the thoracic. abdominal. and anal patterns. There may be areas of
dark pubescence on the anterior margins of the thoracie se aments, the
thoracic or anterior rings. The abdominal segiments of some species have
dark rings that can be divided into three portions [or convenient vefer-
ence. The most conspicuous of these are the girdles. which are located
near the anterior margin of the seements and from which the psendopods
project. Anterior lo these ave the intersegmental rings. Anlerior to the
intersegmental rings are the posterior rirss of the preeeding segments
(figures 15, 10). These rings can best be distinguished in ornate larvae
such as I'. atratus.

Other chararters «f taxonomic value ave the prosenee or aboence of a
sligmatal spine (see page 18). pigmentation of the head capsule and. in
some cases. size. I'reshly hatched larvae of salt-marsh species have either
two or four capsules in Graber's organ, The number appears 1o be
conslant for a given species.

PUPAE

The pupae of most Tabanus species ave about 15 mum. long while those
ol Chrysops ave slightly shorter. Detailed deseriptions of tabanid pupae
are given by Webh (in Webh and Wells, 1921) and Stone (19300,
Tabanus pupac can readily he distiv uished from tho e of Chrysops by
the patteru of spines. bristles. and co nhs caee key. page 1y, In e neral.
abdominal segments 2-7 in Chrysops species possee asinele row of sping
while Tabanus species have two irregular rows of <pines on the - se -
ments. In some specic . ez T premilus Macq. and T cinetis 1alh., some
of the dorsal abdominal spines are modified by thickeniue o lenethening.
or shortening to form a distinctive pattern, The shape of the pupal aster,
spiracles, and the frontal carina ta transverse ridge al the apex of the
head). while variable, may also be helpful in specitic identifications.



14 NEW YORK STATL M_.SFu o1 AND SCIENCE SE

RVICE

Preliminary Key. to the Immature Stages of Tabanids
Found in Long Island Salt Mar: hes

EGGS

1. Egg mass made up of a single tier ... oo,
Egg mass made up of two ar more tiers ..o

2. Egg mass about 20 mm. long. ™% mun. wide, dark chocolate

brown. Present in July and An ost. Hatehing larvae with
well-developed exsertile stigmatal spine ... .. 0.
F_zs known only from an incomplete mass laid in vial by a
confined female. Masses probably present in June, ¥ s
tawny brown, cods darker. 11 uching larvae lack exsertile
stiginatal spine Lo s .

3. Eggs abont 2.5 mm. long latching Larvae with b capsul
in Graber's organ ... o o
Eggs less than 2 mm. i length oo, e

4. Egg mass abont T mm. wide, laid near tip of v wetation, 19,
1.5 mm. long. Hatching larvae with ? eapsules in Graber”.
OTEAN ..ov'eruenr.n. e e e s
Egg mass 3-F mm. wide, not laid near tip of veestation, e

1.8 muw long. Hatching larvae with 4 capru'c in Graber &
(17710 S e e

LARVAE

1. Length of second antennal segment subequal to fiest. Thoracie
segments mostly striated dorsatly and ventrally. Tracheal
trunks not dilate, tracheae tapering to a poiut in siphon
(lateral aspect) or extending free heyond end of siphon as
exsertile stigmatal spine oo

Length of second antenual segment V4 that of first. Thoracie
segments mostly smooth dorsally and ventrally. ‘T'raclical
trunks dilate for most of their Tength, tracheae bl tipped
(lateral aspeet), stigmatal spine lacking ..ol

1o

Exsertile stigmatal spine ab nt. anal segment longer than
high ... e
Fxsertile stigniatal  pine present, anal segment length and
height subequal .o
3. Thoracic pattern conspicnous. Anterior ring of prothorax
with wide lateral projection extending back more than 1,
segment length, Mesothorax with well+levelopaed  lateral
MATKINES it e e e .
Thoracie pattern faint or absent, anterior rin~ of prothorax,

at most, with faint lateral lines. Mo othorax, at most, with

4 faint Jateral markings . ... oo i

4. Abdominal rments with  conspicuous  dorsomedian  and
doarsolateral markings extending back from girdle. Anal
segment with extensive lateral markinge  that join anal
ring and anal flap. Mature specimens [ mn. or more
in length ............... ... e e

Chrysops ...... 2
Tabarus . ...... 3
(. atlantica

C. fuliyinosa

1. atratus
................ 4
T. lineola

1. nigrovittatus
Chrysops ...... 2
Tabanus ....... 3
(. fuliginosa

(. atlantica
.............. o
................ 5

T. atratus
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Abdominal segments lacking dorsomedian and de. olateral
markings extending back from -irdle. Anal se ment with
lateral markin & on cach side consisting of a ventrolateral
dark arca hroadly joined to the anal Qap aud 2-3 diserete
dorsolateral spots on cach side. Mature specimens about
ABmm Jong oo e

5. Anal segent with npper and lower lateral markings on cach
side broadly joined. These arve joined to the anal flap.
Mature 5 eeimens abont 25 o long .o

Anal zegment with upper and lower lateral marki -~ on cach
side separated. The lower ones are not joined to the anal
{lap. Mature specimens about 50 m long ..o

PUPAE

1. Bristles on froutal tubercles double: antenna abont twiee
as long as hasal width, Anal segment lackin = dorsolaterad
and lateral combs ... ...

Bristles on frontal tuberel o single; antenna te than twice

as lone as basal width. Anal segment with dorselateral
and “or lateral combs present Lo oo oo o

2. Pupae present in June primarvily ...

Pupae present in July and Avenst primarily c.ooo0000 L

3. About 30 mm. long. Abdominal spines aunulated and tipped
with black .o
About 15 mwm. long, Abdominal spines, at most, with an

1. lincola

T nigravittatus

Lap. oL

Chrysops ... ...

Taubunus ......

(. fuliginosa

(

L atluntice!

L atratus*®

occasional dark spine, spines mostly light yellow hrown o000 00,

4. Dorsolateral combs absent on anal segmient; pupal aster
with tips of dorsal and dorsolateral arms in about straight

e e
Dorsolateral combs present on anal segment: pupal aster
with dorsal arms extending about U7 loneth above stra® In

. lineola

line between tips of dorsolateral avms. ..o oo o000 T nigrovittatus
“No et tnoditeer o o botwe o the pu f [l e et 1"
Reared pu R TV leso 01 e "y Maet v, Ui, o I re,

“ Adapted 0w deseriptions ju the it ture,

15

Reared Specimens' and Descriptions of the Immature

Stages of Tabanid Species Found in Long Islanc
Stag f Tal 1S I d I r Island

Salt Marshes

The descriptions given here include characters that were seleeted after

comparing the species with one another. with fre hwater pecie

collection, and with published deseriptions of other

in our

Jpeeies, In some

instances. characters that are similar in the specie dec ribed here hut

dissimilar in other species are ineluded.

TAll specimens were collected and Lo ared by the authors unle o othe cwise stated.
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Tabanus nigrovittatus Macq.

Bailey (1948a) reported an inslance in which an infertile e~ mass
of this species was laid by a female in captivity. e did not describe the
mass but noted that the individual eges were about 2 v long. He
characterized the larvac of this species as being pale amber in color
and ranging from 2-2.1 mm. in length. The morpholesy of the farval head
of this species was deseribed by Cook (1949), Otherwise. the immature
stages have not heen deseribed.

Althongh e masses were laid in confinement (xee paoe 30) . ovi-

position ol this species has not heen observed under field conditions,

REARED LARVAE AND PUPAE

1952. Larva collected July 240 pupated August 50,
tember 11, (Collected by R. Nardy and R. Jellorson). Heekscher State
Park sall marsh.

1954. Larva collected July 8. pupated Juh 1L @ cmer ed Talv 20,
Dune Road salt marvsh. Hampton Bays.

cmereed Sep.

Pupa collected July 29, @ emerged (date not noted). Dune Road salt
marsh. [Tampton Bays,

Larva collected August 30. overwintered as larva, pupal pell and dead
¢ found in September 1955, Towd Point salt mar he North Sea.

1955, Larva collected June 28, pupated Aagust 2 < emered Sep-
tember 6, Towd Point salt marsh. North Sea.

1956. Larva collected April 20, pupated July 7. 9 died before
emergence. Dune Road salt marsh. Tlamipton Bays.

Larva collected April 30, pupated June 23, emerged July 7. Cedar
Island =alt marsh. Babylon Township.

1957. Pupa collected June 19. @ emerged June 20. Cow Neck sall
marsh. North Sea.

Pupa collected June 19, 9 emeroed June s Cow Neek e manche
North Sea.

Pupa colleeted June 28, ¢ emerged July 1. Cow Neek salt inan h,
North Sea.

Pupa collected June 4. cmetged July 10 Cow Neek = It mier
North Sea.
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DESCRIPTIONS (FIGURES 11 | 17, 22. 25)

EGGS

Egz masses 7-28 mm. long. usually about 13 mm.: maximum width
3-d mm. FFound on Spartina alterniflora about one foot above marsh sod
where blade ix 5-0 mm. wide. Masses taper (o a point dorsally and are
bluntly rounded ventvally. Dorsalmost 1-2 cgos with prononne «d hend
awav from substrvate. Masses made up of two tiers lower diverging about
30 degrees from substrate. upper subparallel to substrate. T oo in lower
tier overlapping about two-thirds their length. those in upper tier harvely
overlap. General color of mass medium brown. portions ol ¢ =« profectad
[rom light and air translucent white. Individual er s about L8 nim. long
and 0.38 mm. wide al widest: micropyle cone ?H0-350 microns in length,
measuring {rom outside of shell: basal fonrth to half ivves alarly thick-
ened. apical half tapering to a blunt conical point.

LARVAE
Developing larvae in eggs may have two capsules in Grabers ore
3 [ )
before hatching. but four are present when the I+ v e ciae. . Recently
o
hatched larvac with no appa.cat thoracie or abdominal markings.
Mature larvac aboul 24 mm, loug. General appearanee pale amber with
faint light hrown rings on abdomen and dark pattern on anal se¢ anent.
ol ~
Head capsule varying [rom hyaline to li~ht hrown. mandible: me dium
brown. Prothorax with faint pattern consisting of narvow lines extending
o al
back from anterior ring dorsolaterally. ventrolaterally, and ventrally.
o R B J
usually very faint. Thoracic rings preseut on all three segments and ex-
tending back one-lenth to two-tenths distance to posterior mar in of
segments. Abdomen with rings and - irdley faint: - irdles lacking dorso.
median hackward extensions, joined irvcoularly with intersesmental rine
except dorsally : posterior rings extend around segments 4-6. apparently
lacking on preceding egments. Anal -« oment with lateral markine « con-
sisting of two broadly joined arcas, the dorsolateral and ventrolateral
ithese may notl be joined in smaller specimens . ventrolateral hroadly
joined to anal flap. Anal ring hroad: stigmaltal spine absenl.

PUPAE

Length 13-18 mm. Frontal carina elevated. separated by cleft at mid-
line. shape vartable. Thoracic spiracle only shi-htly clevated, rima
elongate C-shaped. Spines on abdominal « anents 2-7 consistin ol two
irregular rows: nol conspicuously stouter on dor um, yellowich hrown
as is resl of abdomen. Head and thorax darker hrown. Caudal frinee of
male with about 22 spines: female with about 9 on cach side. Dot lateral
comb with 2-3 spines; laleral comb with 0-2 spine,. Pupal a ter with
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dorsal arms about as broad as dorsolateral arms; dorsolateral arms
directed dorsolaterally. If straight line were extended between tips of
dorsolateral arms. about half of dorsal arms would extend above line.

Tabanus lineola Fab.

This species with its subspecies and closely related species form a
difficult taxonomic group as evidenced by the studies of Philip (1942)
and Fairchild {1942). The form that brec Is commonly in the Long
lsland salt marshes keys out to T'. lineola sens str. in their keys and was
considered as such by Pechunan (1957}, who noted that this form also
breeds in inland sites.

Schwardt descvibed (1931a, 1936) and illustrated (1930) eg, - idonti-
fied as T lineola. Specimens reared from these eses were lator s | arated
from 7. lineola as T. vittiger schwardti by Philip 1194). These masses
were laid lower down on the viwetation and are wider than the masses
of T. lineola colle ted in salt maishes,

Specimens identified as T'. linc ol have been desc.ibed and /or included
in larval keys by Hart (1895). Malloch (1917). Stone (1930) and Philip
(1931}, Hart and Philip record the presence of a protrusile stigmatal
spine. nol mentioned by the other authors ¢it . The Long island form
lacks this stigmatal spine. which we here define as the modified porterior
end of the paired tracheae in tabanids that are closely apprissed and
flattened along the midline. strongly sclerotized. taper to a distal point
(in lateral aspect) and that. when exserted. extend well heyond the end
of the siphon.

Pupac of fresh water forms identificd as 7. lineola have been illus-
trated. described. and/or included in keys by Iart (1895). Malloch
(1917) and Philip (1931).

Females of the species were collected in the act of oviposition on five

oceasions {see pag e 43).

REARED LARVAE AND PUPAE OF T. LINEOLA

1954. Larva collected July 22, pupated on July 26 died. Parasitized
by Trichopria tabanivorus VFouts (Hymenoptera: Diapriidac) (De-
termined by C. F. W. Muescheck. U, S. National Mu um). Cow Neck
salt marsh.

1956. Larva collected April 17, pupated June 21. 9 emerged July 3;
Cow Neck salt marsh.

Larva collected May 9, pupated June 16, 4 emeresed June 26; Cow
Neck salt marsh.

Larva collected June 15. pupated July 4. 4 emerged July 11; Towd
Point salt marsh.
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Larva collected June 26. pupated July 17. ° emergcd July 30; Cow
Neck salt marsh.

Larva collected July 19. puj ited Augus 3. ¢ emergid August 13;
Cow Neck salt marsh.

1957. Pupa collected July 18. ~ cmerged July 20: Cow DN ock salt

marsh.

DESCRIPTIO" & (FIGURES 13, 1.kd, 15, 16a. 23. 26a)

EGGS

Egg masses of salt-marsh breeding 7'. lincola are laid at tlip of plante
or within 15 mm. of it. Masses have heen found on Spartina alterniflo.«,
Spartina patens, Distichlis spicata and Salicornia sp. Masses 8-20 mm.
long with no distinet mode: maximun width about 1 mm. Masses made
up of two tiers. lower divergiz  about 20 di rees [rom substrate. over-
lapping aboul threc-quartcrs their length: uppe. (secoud) ter olten
incomplete: traces of a third tier made up of a few seattered e laid
flat on top of second tier may be present. General color of mass fulvous
tcreamy white wh-n first laid) : portions of cers protected from 1i bt
and air translucent white. Inlividual . s about 1.5 mm. long i nd
0.28 mm. wide at widest; micropyle cone 130-180 microns in lenh,
measuring from outside of shell; basal half irve mlarly thickened. apical
half tapers to a blunt conical point.

LARYAE

Recently hatched la.vie possess lwo capsules in Graber's or; an. Most
specimens have a fairly distinel dark pattern on the thoracie and ab-
dominal segments and some indications of lateral markine . on the anal
segment.

Mature larvae about 24 mm. long. General appearance white with
distinct dark rings on thoracic and abdominal + aents; those on the
thorax have lateral extensions. Head capsule hyaline to medium brown,
mandibles medium brown. Prothorax with anterior rire extendire bhack
0.1 segment length. with broad lateral markin:  on cach side extending
back 0.6 segment length and a narrow midventral markin-. Anterior
rings of mesothorax and metathorax long, extending about 0.3 scgment
length; that of mesothorax with 4 narrow lateral marking : on ecach side
extending back 0.7 segment length; metathorax also with 4 narrow lateral
markings but these extend back only slightly further than anterior rin-~,
Abdomen with broad brown intcrsecmental rine . R and gicdles
irregularly joined except dorsally: girdl  lackin - dorsomedian exten-
sions; posterior rire complele on segments £ 5. present as a shorl trans-
verse bar dorsolaterally on each side of preceding - ;ments. Anal segment
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with lateral markings consisting of a ventrolateral area that is broadly
joined to anal flap and 2-3 small dovsolateral spots on cach side. Anal
ring hroad: stigmatal spine absent.

PUPAE

Length 13-18 mm. Frontal carina made up of two large transverse
elevations separated by cleflt on midline, variable in appearance. Thovacie
spiracles only slightly clevated. vima elongate C-shaped. ma he slightly
looked on anterior end. Spines on abdominal segments 2-7 made up of
two irregular rows nol conspicuously stonter on dorsum nor much dilated
at base. vellowish brown as is rest of abdomen. Head and thorax darker
brown, Caudal fringe of male with 10-20 spines: female with about 8§
on each side. Dorsolateral comb absent: lateval comb with 4-10 spines.
Pupal aster with dorsal arms narvower at base than dorsolateral arms:
tips of dorsal and dorsolateral arms in about a straight line,

Tabanus atratus Fab.

Bailey (1918¢) observed o.iposition of 7. atratus nantuckensis in
Massachuseltls salt marshes and deseribed and illnstrated the ep masses.
These were unlike the masses of inland forms deseribed and, or illusteated
by Mart (1895). Hine (1900). Garman (1910). Schwardt (1932, 19350)
and Rau (1935). Stone (1930) des ribed the veeently hatehed larvae
of an inland {form. The eggs. mature larvae and pupace of this distinetive
speeies have been deseribed. illustrated and /or ineluded by many worker

(see Philip, 1947).

SPECIMENS COLLECTED ON LONG ISLAND

This species is widely distributed in the United States and Canada
{ Philip, 1947). Alhough Davis and Bequaert (1973) noted that 7.
atratus is common on Staten Island. it is apparently rar - on castern Long
Island.

Only three adults were colleeted during our study. These were identi-
fied by L. L. Pechuman as follows:

T. atratns 9 . Cow Necek salt marsh. North Sea. July 22, 1057,

T. atratus [ulvopilosus ? . Cow Neck <alt marshi. North Sea. July 24,
1957.

T. atratus nantuckensis & . Long Beach sall marsh. Noyack, July 23,
1956.

Two egg masses agreeing in detail with Bailey’s (1948¢) diseription
of T. atratus nantuckensis v« r masse . were colleeled in the Cow Neck sall
marsh on July 5 and J0O. 1957. Both ma es were kept intil larvae
emerged. A few larvae were kept for rearing: some survived for several
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months and developed the characteristic markiras of 7. atratus before
they died.

Lai; -r larvace of this specie were apparently rare in the salt marshee
on the eastern end of Long Island. as were the adults. Two large larvae
agreeing with the descriptions cited above [or inland forms were collecte 1
one al Heckscher Park and the other at Orient Point. Neither of thes
was reared.

DESCRIPTIONS (TIGURES 1-ke. T0h, 18

EGGS

Two egg masses were collected on Spartina alterniflora about 1 foot
above the marsh sod. One mass was 22 mm. long. the other about 20 mm.
long. The masses were about <1 nun, wide and were made up of two over-
lapping tiers of cggs. General color of mass. medimn brown, portions of
eggs protected from light and ate pale translucent hrown. Individual e <
about 2.5 mm. long and 0.4 m. wide at widest: micropvle cone short
with broad base: in some eg~= present only as a thickening iu shell wall:
longest observed was 150 microns, measuring from outside of shell:
broad. blunt, cone-shaped.

LARVAE

Recently hatched larvace with distinet dark thoracie and abdominal
rings but lack typical pattern of lar=er farvae, This typical pattern de-
veloped after several moults and about 4 weeks as has heen noted for
inland forms by Schwardt (1932, 1930). Recently hatched larvae with
4 capsules in Graber’s organ. Stone (1930) reported that newly hatched
larvae of an inland form had 2 capsules.

The larger of the two specimens colleceted as larvae on Long lsland
was 30 mm. long. Records [or mature larvae in the literature range from
10-55 mm. or more.

General appearance. milky white with extensive dark hrow t marking <.
Head capsule brown. mandibles reddish hrown. Amterior viag prothorax
about 0.2 sc ‘ment length. with brod marking on cach side extending
back almost Lo posterior mar «in ol rment. also with narrow midventral
dark hine. Mesothorax with broad anterior ving extendin. hack 0.3 o
ment length. widened laterally. extendine irves ularly alinost 1o posterior
margin. Metathorax with anterior rii - about 0.2 co nent length with
4 narrow lines on each side extendine hack to posterior vin -, Abdominal
segments with broad inter.ec.nental rine « girdle  and po-terior rine -
present on all segments: posterior rine broader on last few - ament
median dorsal. dorsolateral and smaller ventrol deral projection: « xtend-
ing back from -irdle; sc;ment 7 with dorsolateral and ventrolateral
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markings extending back to posterior ring. Anal egment with extensive
areas of coarse dark brown pubescenci around segment broadly joined
to anal {laps and anal ring: stigmatal spine absent.

PUPAE

Length 30-35 mm. Long spines of abdomen annulat~ and black tippcd.
Dorsolateral comb with 7-9 spines; lateral comh with 5-6 short spines.
Caudal fringe of male with 18-22 long spines and : »eral short ones.
Pupal aster with broad median part and rather short sharp prongs;
dorsal and dorsolateral arms close together and = parated from vent-il
pair (adapted from Stone, 1930, and others).

Tabanus sp. A

Larvae of this species were found in Duck Island Tarbor salt marsh
at Asharoken in samples taken from clay and mud where it was covered
by high tide to a depth of 3 [eet or more and where Spartina alterniflora
grew, sparse bul tall. These larvae were never colleeted in other areas
where the typical marsh had less clay and the vesetation was denser. Six
large larvae of this type were kept for rearing in 1956 and 1957, but
none pupated.

DESCRIPTION (viGuRE 19)
LARVAE
General appearance large and translucent white. Matore specimens
about 50 mm. long. Thoracie and abdominal markin r« very faint. indis-
tinct except on anal segment. Anal seement with ventrolateral spot and
2 small dorsolateral spots on each side; the former not joined with anal
(lap. Anal ring prescent; stigmatal spine absent.

Chrysops fuliginosa Wied.
The immature stages of this species have apparently not heen deeribed
previously.
Fertile ¢ggs were obtained. in one instance. from a female captured
while mating (see pi~e 40),

REARED LARVAE AND PUPAE

1956. Larva collected May 1, pupated June 20, 0 emereed June Do,
North Sea Harbor salt marsh.

Larva collected May 11, pupated May 29, & emer;ed June &, Tvorth
Sea Harbor salt marsh.

Larva collected May 18, pupated May 27. 1 cmmer ed June 5, North
Sea Harbor salt marsh.
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Larva collected May 18. pupated June 10, . umerged June 18, North
Sea Harbor salt marsh.

1957. Pupa collected June L, @ emerged June 9, Cow Neck salt m irsh.

Pupa collected June 5, ¢ emer, « d June 7. North Sea Harbor salt marsh.

DESCRIPTIONS (FIGURES 14da, 20, 24. 20b)
EGGS

The eggs were laid irregularly in a vial under laboratory conditions.
Individual eggs tawny brown at either end. lighter bhrown in middlk ;
o R o
length about 1.1 mm., width 0.3 mm. at widest; micropyle cone 300 10
) 1
microns long, narrow columnar shape.

LARVAE

Recently hatched larvac without appavent dark markin: s, exsertile
stigmatal spine lacking; two epsules in Graber's organ,

Mature larvae about 14 mm. lon; . General appearanc: white, withowt
dark markings except on anal segment. Head capsule white, mandibles
yellow brown. Thoracic and abdominal segments with only [aint, very
indistinct pattern. Anal ring brown extendire anteriorly almost entire
segment length; segment longer than high. Siphon lor—~. leck® o _tile
stigmatal spine.

PUPAE

Length about 10 mm. Frontal carina elevated, moderat: Iv separated
at midline, often divided again on cach side by a low spot. Thoracic
spiracles prominently elevated, rima elongate C-shaped, dark brown.
One row of spines on abdominal segments 2-7; spines not conspicuously
stouter on dorsum: some spines slightly darker brown than rest of
abdomen. Caudal fringe of female with about 5 spines on cach sid . that
of male with about 21 spines in all. Pup~l aster with dor. 2l arae I
robust than dorsolateral arms; dorsolateral arms directed laterally; a
small accessory lobe between the ventral arms imay or may not be evident.

Chrysops atlantica Pech.

The immature stagre of this species have apparently not heen de uibed,
We were unable to rear mature larvae. However, there is conside. 1ble
circumstantial evidence associating « o« and larvae found in the salt
marshes with adults of this species. D MacCreary. University of Dela-
ware, lent us reared adults from an carlier study in Delaware. These
consisted of 5 fenales and 2 males with their ar ociated pupel pelts.
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DE . RIPTIONS (FICURES 11D, 21)
EGGS

Masses 13-32 mm. long. usually about 20 mm.: maximum width about
2.1 mn. Laid on Spartina alterniflora about a fool ~bove the od. Masses
consist of single tier. cach co x overlapping next by about half its length
eggs subparallel to substrate. Ceneral color of masses dark chocolate
brown; portions of ¢ gs protected from light and air translucent light
brown. Individual ¢y < 1.5 mm. long and 0.30 mm. wide at widest; with
micropvle cone about 20 microns long. measuring [Lom outside of shell,

elongate. cone shaped.

LARVAE

Recently hatehed lavvae lack dark markings but have a well-developed
exsertile stigmatal spine. There are 2 capsules in Graber's o au.

Mature Larvae about 1L mm, lon-. General appearance white with only
anal segment possessing a dark pattern. Head capsule white, mandibles
light brown. Pubescent pattern of thorax and abdomen faint, very in-
distinet eseeplt on anal secgment. Length and heieht of anal se;aent
subequal; dark pattern edends anteriorly from anal rin: almost to
anlerior margin of scament. broadly joined to anal llaps, Stigmatal spine
distinet. hrown. heavily selerotized; when folly exserted more than half

as long as anal segment.

PUPAE

The pupac of C. atlantica closely resemble those of C. fuliginosa. Since
they are both quite variable, we were not able to find reliable structural
characters to distinguish thent. The pupal pelts of €. atlantica were paler.
being whitish yellow instead of Tulvous and the rima of the thoracie
spiracle was medium rather than dark hrown, This diffevence may he due
Lo the greater age of the specimens of C. atlantica, which were colleeted
in 1937 and 1938, while the C. fuliginosa specimens were colleeted in
1956 and 1957. The thoricie spiracles of C. atluntica appeared 1o be
somewhat less prominently elevated than the » of C. fuligine o
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LIFE HISTORY STUDIES

Measuring Adult Populations

It is difficult to weasure the seasonal changes in p. pulations of adult
tabanids, Often the apparent abundance. as indicated by the degree of
annovance. varies from hour to hour probably because of the sensitivity
of the flies to changes tn wind veloeity. barometiie prossure. femperature,
refative humidity and similar factor<, On cold windy day = the flies remain
clinging to the marsh grass near the ground and take flight only when
disturbed. Biting rates. Tandin | rates. sweeping. or car counts. i.e.. the
number of flies entering a parked automobile in a siven len~th of time,
or estimates of the desee of annoyanee may be misleading unless some

consideration is given to the factors mentioned,

ADULT TRAPS

Slow-drving adhesives smeaved on stakes were tested by Roth and
Lindquist (19481 as teaps for Chrysops discalis Will, Large nummbers of
adults of this species weve captured. and they coneluded that this method
of sampling might be useful in survey and incidence studies,

A modification of this technique. square panels smeared with a slow-
drying adhesive “Deadline.™ was used by Hansens (19520 10 sample
salt-marsh tabanid populations in New Jersey. These traps have the

advantage of capturing flies over a long period. This tends (o “average
out” short-term (luctuations in activily.

Similar traps were tested on Long Island in 1954 thgorve 2y, These
were made up of two picees of masonite. cach a square foot in area,
attached back-to-back on a wooden stake. The stake was et in the ; ~ound
so that the bottom of the masonite wax about one foot above the pronnd.
The two panels of the trap were then smeared with tanglefoot. Flie
captured on these traps were counted and removed onee a week, and the
traps were resmeared,

The highest weekly trap count. i.e.. the kupgest numher of Tabanus
adults collected ona given trap over w one-week period during the = green-
head scason.™ was used as an index of adult greenhead populations at
each trap site lor a given vear. Sinee adult ; recnhead population inerease
rapidly to a high peak and then decrease rapidly. the Ifshest weckly
count would seem to reflect the degree of annoyance during the peak
period of activity more closely than would the total number collected on
a trap cach : ason. In general. about one-fourth of the lies captured on
a given trap during the whole season were captured durir the week of

maximuni él])llll(]ill](i(t.
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BEST HEIGHT FOR ADULT TRAPS

In 1954 preliminary tests indicated that more adult greenheads were
captured on traps sel al the 1- 1o 2-foot level than at th- 4- to 5-{foot level.
All of the traps set out for routine samplin~ were. ther.fi -e, set at the 1-
to 2-foot lev -l In 1955 #nd 1950. morc tests vere made 1o delermine the
optimum Irap height. Wooden boards 7 inches wide and extending 6 fo it
above the ground were set up in the salt marshes. The distribution of
Tabanus adults captured at each level was Labulated. The results are given
in table 1.

TABLE ]

Summary of Tabanus Adults Captured on 6-Foot-Tall Board Traps in

1955 and 1956

Feet abore ground No. reenheads captured
L P H
L e e 79
DL 12
2 P [
e e e e )
R 1
Fotal. . s 119

The data in table T show that the highest counts were obtained at the
1- to 2-foot level just above the top of the salt-marsh grass.

TRAP AND SWEEPING COLLECTIONS CONMPARED

Adull traps were ordinarily examined onee cach week. When this was
done. the two common salt-marsh species of Tabanus, T. linecola and
T. nigrovittatus. were not counled o parately bec s of the diflieulty
in distinguishin r laree numbers of tanglefoot-smeared pechuens. often
in poor condition. In T957. two traps locatc L in the Cow “veck it marsh
were examined more frequently to determine the vatio of 7. lineola 1o
T. nigrovittatus. I'resh specimens could readily be distin uished by the
eye markings, but these usually faded alter a lew day . Of 531 Tabanus
specimens captured on Lwo traps between July 1 and Aucast 29, 92.6
percent were T. nigrovittatus and 7.1 percent T'. lineola.

Sweep net collections were made at reular intervaly durin: this period,
and a tlotal of 388 Tabanus captur 1. Of the = 8063 perecut were 7.
nigrovittatus and 13.7 percent 7. lineola. The recults obtained by the
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two methods of collecting were quite similar insofar as the ratio of the two
species captured is concrrne I However. the ratio of females to males
caplured by the two methods was quite dis~imilar, as can be s en from
table 2.

TABLE 2

The Ratio of Tabanus Spp. Females 1o Males Captured in the Cow Neck
Salt Marsh by Two Diflferent Sampling Methods

{dult traps Sweep counts

¢ collected No.coliected < colleeted No. colleeted

Species [SIe} v Q D &

T. nigrovittatus . . ... 9.0 2.1 192 13 Sh.¢ KA
T. lineola .......... 91.9 5.1 39 41.5 H8.5 )
Total No.colleeted oo oo onl ol

The-e data indicate that proportionally fewer males than females of
these two species are captured on adult traps and that approximately
equal numbers of males and females of hoth species are captured hy
sweeping. Field observations suggest a reason for this diffevence. at least
in the case of T'. nigrovittatus. In the morning the males are quile active,
hovering over open spots in the marsh or over water. and dartin; about
the marsh. as has been described in some detail by Bailey (1940, Lixeept
for this velatively short period in the morning they remained quieseent
on the grass. In contrast. the females are active for the entire day when
the weather is favorable.

Iansens (1¢52) reported that abont 20 pereent of the flies caplured
by sweeping in New Jersey salt marshes were T lineola and that most of
these were males. The reason for the preponderance of males in his col-
lections and the approximately even mumbers of males and [emalec of
this species in our sweep collection is not known.

The seasonal abundance of T. nigrovittatus and T'. lineola adults in
the Cow Neck salt marsh, as indicated by trap counts. is -hown in figure
3. From this it can be seen that the scasonal changes in abundance of
these two species are similar although only aboul a tenth as many 7.
lineola as T nigrovitiatus were captured. This in it I is unusual hecause
Berlese funnel samplis indicatcd that larvac of these two spocic were
present in approximately equal numbers in the Cow Neck alt marsh
(table 3).



29

COMNMMON SALT-MARSH TABA .DAE O} LONG ISLAND

LEHL WYLt =t

- . , .f.
isn9nv Alae 3INnt
(13 €2 Ell 6 2 92 61 21 S 82 12 2] L
e e e, - r—

-~ - ]
SO - .
VI03NIT L /(\\i /

[+]]

o]

SALYLLIAOYOIN L

0s

oL

3JOVH3AY

43d §31724 40 H3EWNN

dvy L



30 NEW YORK STATE MUSEUM AND SCII CE SERVICE

TABLE 3

Relative Abundance of Larvae of the Different Species of Salt-Marsh
Tabanids Collected in the Cow Neck Salt Marsh by Berlese Funnel Sampling
in 1956 and 1957

Percent of total

Spoeos . 190 107
Cojulignosa ..o e VR 8.0
Coatlantica «...coooo i i i e i e i e 8.3 5.8
T RIGEOVIHIAIUS .0t o ettt a e i e 313 AR
T. lineola e 93 26.8
small unidentilied Tabanus* ... 0.0 e N 1 RIN
Total number collected ..o oo RPN 1Y 3o

“ Althouwsh newly Foteh Ty ot Lowe o ot aud o 0 odean Lodlis osue ™ by
the rumber o1 apsul an Grab " w0 and mate Tosa van be di tin nished T, their
di tinetive 1 oalm ©omterme e te a0 with o e ot romber or cap b aned paint,

mcomplete marking  sometime  cinnot be adenting 1 with eer unty,

T. lineola adulis were less abundant alon the barvier heach hordering
the south shore bays than in marshes bordered by woods. Tn 19544 all
but one of 138 recently captured Tabanus on traps i that area were
T. nigrovittatus. Larval collections (Wall and Jamuback, 1957) also
indicated that there were few 7. lineola along the barrier Leach, For all
practical purposes, therefore. the seasonal abundance of salt-marsh
Tabanus adults. as indicated by trap counts. was considered 1o he an
index of the seasonal abundance of T'. nigrovittatus.

Sampling the Iimmature Stages

The sampling methods used in estimating larval populations of salt-
marsh tabanids have bheen discussed clsewhere (Wall and Jaumnback,
1957). The New Jersey larvicide sampling method involves elearine the
vegetation from a plot in the salt marsh. spraying on a dilute cmulsion
of New Jersey larvicide (hgure -1 and collecting the larvae o they
come Lo the surface. The Berlese funnel sampling method involves re-
moving picces of salt-marsh sod, bringing them into the laboratory.
and collecting the larvae that cmerge as the sod dries ofi ure 5). In
summary. it was found that both the New Jersey larvicide and the
Berlese funnel sampling methods have advantase < and di: wlvantas es, as
follows:

New Jersey larvicide square-yard samples, Advantare @ Less
variation between sample takon cle - together; samplin: can be
completed in about an hour. Disadvanta;« = Incilective in cold
weather; Chrysops larvae not collected s larvae sufler coniderable
morlality when kept for rearing; cannot be used when there is [ree
water on marsh.
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Figure 1. Spraying a cleared plot of <alt marsh with New Jer 5 larvicide 1o
sample Tubanns larval populations
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Berlese funnel square-foot samples. Advauntages: Can be used
i cold weather: both Tabanus and Chrysops larvae collected : le-vae
can be kept {or rearing with less mortality : can b > used when ther
is free water on marsh. Disadvantages: Consid.rable variation
between samples takeu el se together: Lequires about one week and
repeated examinations Lo colleet all the Jarvae,

The collection of egg masses was primarily qualitative. Since they arce
often diflicult to find. only a general impression of their changes in rela-
tive abundance durving the = -laving period can be given, Similarly,
pupae or cast sking of pupac were occasionally found in the marsh hut

were nol collected on a systematie basis,

Life Histories of the Commmon Species

Tabanus nigrovittatus Maeq.

(The salt-marsh ; cenhead)

SEASONAL CHANGES IN ADULT ABUNDANCE

This species ix found aloug the castern seaboard from Nova Seolia to
Texas and in the Antilles (Philip. TO47) . 1 appears carlier and disappears
later in the southern portiou of its range. Stone (1938) gives the extreme
dates of capture for adults as April 21 aud November 2350 hoth veeords
from Tlorida. MacCreary (1910) gives June 2 and September 13 ax the
extreme dates of capture in Delaware. Our carliest and latest collections
for T. nigrovittatus adults on Long Island are June 14 and September
8-14 radult trap).

The scasonal changes in abundance in the novtheastern United Stalc
seem Lo follow a faivly consistent pattern ¢ Hansens, 1952, for New Jorsey:
Fairchild. 1950, for Comnecticut: Gerry. 1949, for Ma achuselts:
Blickle, 1954, for New Hampshire: and Tuttle. 1946, for Maine) . The
first few are found in mid-June. Their numbers inerease rapidly in late
June and July. veachine a peak usnally durin s the Jast half of July. The
population then dectsases rapidly during late July and Auguost. There
is =omeliones a sicht apparent inerease in nunibe « in August and carly
September.

Adult traps were set out in a number of alt marshe on Long Island
(figure 0). Those located in State parks were tended by park personnel
through cooperation of the Long Island Park Conmmi: sion, AL e 1 of
these sites the traps were set oul in paivs. one at right aneles to the other.
The average number of Tubanus collected cacly week on traps in untreated
marshes in 19755, 1956 and 1957 are shown in figure 7. Supplementary
data are given in lable 4.
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TABLE <&

Percentages of the Total Numbers* of Tabanus Adults Captured on Traps
during Periods of Maximum Abundance in Different Years

JU.,5 150 19,
Collection period Pereent of total
0 weeks maximum abundanee 92.9 H8.1 0.0
3 weeks maximum abundance ... oL vee.. 08T 9.0 .8
1 week maximum abundanee ..o oL 200 onYy g B
Avera; ¢ No. flies per trap during entire scason. . 1201 1094 211.3

IFrom fivst appearance of tlies each year to Auguat §1,

These data indicate that adult populations have a similar pattern of
fluctuation cach year, The lower population in 1956 and later peak. as
indicated by trap counts. agree well with other obsevvations that vear,
Adult populations veached a peak about two weeks later in 1950 than
during the preceding or following vears. This was correlated with the
lower soil temperalures prevailing prior to pupation and cmergence
of adults i 1950 (hHgure §).

The soil temperatures were recorded ou a thermograph located at a
weather station in the Cow Neck salt marsh. The temperature: sensitive
element was located a few feet to the south of the shelter, just beneath
the sod surface below a dense growth of Sparting alterniflora. This was
atypical T nigrovittatus breeding arca. The temperatures shown in figure
8 were obtained by averaging the daily high and low temperatures and

using these dala to calculate the weekly average mean temperatures.

FLIGIIT HABITS

There are few published data dealing with the (light habits of T nigro-
vittatus adults. MacCreary (1990) captured an adult in a light trap 01
miles from the mainland and 10 specimens 5.5 miles from the mainfand.
[t seems possible that these <pecimens may have been carried part of this
distance in boats. sinee they are attracted to them and are often annoying
Lo bay fishermen a mile or more from shore. He noted that thi - pecies s
gencrally limited to the salt marsh and arca immediately adjacent. Gerry
11950) and Hansens (19532) concur in this beliel. Onr observation
agree with those cited above, as the example s given below indicate.

Two traps were sel up in Wildwood State Park on the North Shore of
Long Island bordering Low  Island Sound. This park is not located near
a salt marsh. the nearest one heing :lightly more than a mile away. No
flies were collected on these traps during the entire e on it 195, and

park employees slated that few greenheads were ever een there,
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One of the authors lived [or a summer (1955 in a collage about 0.1
mile from the cdge of North Sea Harbor and 0.3 mile from a salt marsh
that produced a large number of 7' nigrovittatus adulls. These were
rarely seen around the cottage although they were very anunoying 0.5 mile
away on a beach bestde the salt mavsh.

One trap was zel up about 0.2 mile from the edz of a 2vod breeding
arca al the North Sea Community Tlousc. The trap was survoundcd by
grass. shrubs aud a few teees. No 7' nigrovittatus adulls wore collected
here during the entire 1955 season.

ln 1955, in another inland area 0.5 mile from a sall marsh and
separated [rom it by woods. no adults of this species were seen or trapped.
although a few 7', lineola were observed.

In 1950. two traps were set in a small “island™ of woods surrounded
by salt marsh at Cow Nevk. The counts fvom these two traps are compared
with those Trom adjacent open marsh in t=ble 5. These data e~ree with
our general observations indicatine that this spceics is seldom found in
woods. even close to the salt marsh,

One exception to this xeneral condition ocenrred at Big Fresh Pond,
North Sea. This poud is sepavated from the Cow Neck salt marsh by about
0.3 mile of woods. It is connectod to the voth Sea salt marsh by a Tresh-
waler stream. T nigrovittatus and. carlier in the season. €. fuliginosa
adults were present here o numbers large enongh to be annoying. This
suggests that the adults may be atiracted to fresh water.

TABLE 5
Total Number of Tabanus Colleeted in the Cow Neck Salt Marsh on Adult
Traps in 1956

Lo tion of traps No.of specimens
Open =alt marsh
[ACINE CASTWEST + ittt i e e e e 155
facing northesouth oo o 73
In wood: 35 feet oo o e ]
Atedrewonds oo e O

Additional information regarding Hight habits was obtained in larval
control tests (see coutrol section). In one instance (North Sea Harbor),
an entive. relatively isolated marsh was treated and larval populations
considerably reduced: this roduction wi  reflected in Jower adult popu-
lations. In another case (Tiana Beach). a strip of barrier beach salt
marsh about 3 miles long was treated and larval populations were reduced.
but there appeared to be no si- nificant chan-~e in adult populations, ‘This
strip was adjaceul Lo similar untreated salt inw b, The followin; . year an
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additional 2.2 miles of the barrier beach were treated . s well as the salt
marsh bordering the oppo.ite shore of the bay (figure 12). In this case
there appeared to be a distinct reduction in adult populations toward the
center of the treated area.

From these observations we have concluded that adults of this species
may fly relatively long distances within marshes or over water adjoining
marshes, hut they rarely {ly far from them. Since they are strong fliers,
they are probably restricted to salt marshes by preferenc: rather than
necessity or by flight habits rather than by a limited {light range.

MATING

The mating behavior of T. nigrovittatus has been deseribed by Bailey
(1947a. 1948D) in some detail. On Long Island. matine vas observed on
two occasions: the first occurred on August 10. 1900, at about 2 pm.
on a warm overcast day. while « slight wind was blowine, The lies mated
while resting on a blade of S. alterniflora. The second matin was ob-
served on July 8. 1957, at about 6:45 am. {temp. 60" I".). At this time
there were numerous males on the win r hovering over open spols al a
height of about 2 feet. When a female came near. the male darted after
her, flying faster than the eye could follow. More often than not he did
not make contact and returned to his hovering position. When contact was
made. there was usually an audible thud. Hag.aunn ez al. (1948) noted a
similar phenomenon for T. giganteus. In hoth cases, where mating was
observed. the male and female were facing in opposite direetions with the
tips of the abdomens in contact, that of the mal just above that of the
female. Thesc observations agree. in gencral. with those of Bailey

(1948b).

OVIPOSITION AND EGGS

Ernest Bay. of Cornell University. obtained a viable egi- mass from
a female T. nigrovittatus captured by sweepin= on July 27. 1953, Dune
Road, Westhampton Beach. Long Island. This female was placed in a
4-dram vial with a 2 by L} inch picec of index card. The vial was covered
with a piece of linen hell in place by elastic. An ¢~ mass waur deposited
between 4 and 11 p.m. three days Jater. When first observed the eggs
were light brown. Most of the eggs hatched betv.een 6 and 11 p.m., four
days after they were laid.

Five masses of T. nigrovittatus egg,  were deposited in an emergence
cage in which six females had been placed on July 26, 1950, following
a blood mecal. The eggs were first notad on Au-ust 1. attached to the
underside of wooden corner brac~ at the top of the ca e, One mass
hatched on August 8; the rest v.cie pre rved before hatchin: .
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In 1950, 22 similar eag masses were collected in the field between July
11 and August 20 with peak numbers about \ugust 20. In 1957, 28 cgo
masses were collected. mostly about July 25. These ficld-collected masses
hatehed in 0-7 days with an average of about 3 days. One mass deposited
in the laboratory hatched in -1 days. A mass. deposited in the emergence
cag . hatched 7 davs after it was found.

Ego masses of this species were more diflicult to locate in the marshes
than were those of 1. lineola because they were deposited lower down
on the grass. They have been found only on the adaxial Ginnery surface
of Spartina alterniflora leaves. usually about a foot above the sod where
the grass is about 6 mm. wide. They appeared 1o be laid at random
throughout the marsh without reference 1o open water or the upper
margins of the marsh. They were often located so that the m. o
covered by average high tides. When taken into the laboratory and ex-
amined under a dissecting micvoscope. the larvae could often be seen
moving about within coos of nearly mature masses. Incseveral instances,
the larvae began emerging while the mass was being examined. Tu these
cases most of the larvae emerged at abont the sane time, The newly
hatched larvae moeulted shortly aflter emers ence as other workers have
noted for many species of tabanids,

DISTRIBUTION OF LARVAE

In the initial stages of the study. a survey was made (o determine
whether or not salt-marsh Tabanus larvac were limited to a particular
portion of the marshes. Their distribution in relation to plant cover, tides,
distance from open water. pools, or mosquito ditches was stndied by
intensive sampling of limited sectors of marsh and more extensive random
sampling in a number of different marshes.

The marshes bordering Moriches. Shinnecock and Peconie Bavs on
Long Island ave low and quite level, The tides are vestricted from entering
many of these marshes by narrow inlets so that the tidal range is limited
to one or two feet. In spite of this Tited tidal ranse, these man: hes are
covered by average daily high tides. Tabanus farvae are rather uniformly
distributed in these marshes, as s indicated by the example <hown in
figure 9.

In 1955, when these samples were taken, larvae of the two common
species of Tabanus, 1. nigrovitatus and 1. lineolud, were uol dis-
tinguished. Later. in 1956 aud 1957. sampling showed that the larvae of
both species. when pro~ nto were both widely distribute |in the marshes,

In one arca bordering Lo - Island Sound. Duck [slaind [Tarbos sal
marsh in Asharokcn. the tidal range is mueh greater and the marsh slopes
steeply. In this marsh. larvac of 1. nigrositiatus appeared to be concen-
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TOWD POINT ,

N. R H ! . HARDOR

Figure 9. The number of Tabanus larvae colleeted in diflferent o tien: of an
untreated salt marsh by the New Jorsey Jarvieide sampling method in 1900

trated in a narrow band as has heen deseribed by Gerry (10500 for
some of the Massachusetls marshes,

In general. larvac of 7. nigrovittatus were most abundant in arcas
where Spartina alterniflora was the dominznt ve~clation end where la - e
areas of the sall marsh are covered. for relatively ~hort periods, by all
except the neap tides, Larvae were equally abundant heneath Spartina
patens. where it occurs in patches surrounded by S.alterniflora. hut were
less abundant where there are Tas ¢ stands of S. patens. The number of
larvae seemed o decrease shightly in arcas of marsh le frequently
covered by tides. usually indicated hy the pro ence of Distichiis spieata
or Juncus gerardi.

However. T. nigrovittatus larvae have also heen found under Phrag-
mites communis. Scirpus spp.. Salicornia spp.. .nd under thateh piles, We
have not found them in portions of salt mmarsh where there s no plant
or thatch cover. During unusually hi-hrtide a few fare Jarvae have bheen
found floating on the water surface. Larvae can survive for lor - poriods

in water. In one instance, a large larva of this spicies v kopl in a
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jar of salt water in the laboratory until it es 1ped. a period of 69 days.
This specimen spent most of the time with the tip of its siphon in contact
with the surface. fed normally and moulted once in the jar.

DURATION OF THE LARVAL STAGE

Although small 7. nigrovittatus and T. lini 7la larvae became quite
abundant in late August. several weeks after egg masses were found, it
was nol possible to determine the duration of the larval star + by measur-
ing larvae collected at diffevent times of the year, This was because small,
medium. and large larvac could be collected any time during the ycar,
The variation in size may be due. in part. to variations in the growth
rate. The larvae from a single ¢«g mass may differ considerably in size
a few weeks after hatching (King. 1910; Stone. 1930; Tashiro and
Schwardt. 1953h: and others).

The length of the larval stage of a tabanid species may be quite variable,
as Stone (1930) and others have noted. 1t secms likely that 7. nigro-
vittatus larvae may pupate after either one or two winters as sug i stod

by Gerry (1948).

PUPAE

MacCreary (1940) reared six adults of T'. ni+ covittatus Irom larvae.
The pupal period of one observed specimen was & days. On Long Island.
pupae were collected in the field or obtained from reared larvae between
June 23 and August 30. The pupal periods of four spceimens reared from
larvac were 0. 12. 14 and 15 days respectively. Pupae were found in the
same location in which the larvae occurred at the surface of the sod.
There was no indication that the larvae migrate to drier ground to pupate
as is common for most species of Tabanus and as Builey (1948a) re-
ported for T. nigrovittatus. In many <ections of salt marsh on Lor, r lsland
such migration would involve lateral movement of several hundred feet
or more because of the uniformity of the marsh level.

Tabanus lineola Fab.
(Striped horse fly)
ADULTS

As has been noted earlier (page 18), T lincola. and its related species
and subspecies, form a diflicult taxonomic group. Lewis and Jones
(1955) noted that the larvae of this group are hihly adaptable and
occur in a variely of habitats. Therefore, we have restricted the discussion
to the salt-marsh breeding form . - it oceurs on Long Island.
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The prevalence of adulls of this speiies in tidal marshes is discussed
beginning on page 27. The earliest and latest dates on which adults were
collected during this study were June 17 and August 24. The adults are
less abundant in the marshes than are those of T nigrovittatus, although
in some marshes larvae of the two species are ahout « nally abundant
fef. table 3 and figure 3). T. lineola adults are commonly found inland,
away [rom the salt marshes. while those of T. nigrovittatus are not. In

“arcenlicads ” have heen reportc 1 from

almost every instance where
areas away from beaches or sall marshes they were actually 1. lineola.
This species rarely attacks man. In only one instance was it capturdd
while biting man in Long Island marshes. This is in contrast to numerous

records for T. nigrovittatus.

OVIPOSITION AND EGGS

T. lineola females lay eor masses near the tips of salt-marsh plants
including Spartina alterniflora, Spartina patens. Distichlis spicata, and
Salicornia spp. Females were captured in the act of laying e, on five
separate occasions. All occurved on warm clear davs between 11:30 aan.
and 4:30 p.m. Three of the: e masses hatehed in 4. b ond L days respec-
tively. In 1950 masses were collected in the salt marshe « from July 18 to
August 27 and were most abundant between July 29 and August 1. In
1957 masses were collected from June 24 to An ust 8. and were most
abundant between July 11 and 31. During these two years 61 masses
were collected and a great many more examined but not colleeted.

LARVAE AND PUPAE

The larvae of this species are more abundant in salt marshes hordered
by woods than in the barrier beach marsh. Thev are found in the same
gencral environment as 7', nigrovittatus larvac. bul scem to he propor-
tionately more abundant in the drier marshes.

T. lineola pupae were collected from the same locations as the larvae.
The pupal periods for five specimens reared from larvae were 7, 10, 10,
10 and 13 days respectively. MacCreary 11940) recorded a pupal period
of 8to 9 days for this species in Delaware.

Chrysops fuliginosa Wied.
ADULTS

This species is the first of the salt-marsh tabanids to appear in the
spring on Long Island. Our carliest and latest collection records are May
29 and June 29 in this areca. Pechuman (1957) recorded that it b« been
collected in New York from May to September, although it i pres:nt
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in numbers only in June. He also showed that it is widely dist=ibuted on
Long Tsland.

This species occurs along the castern seaboard from Nova Scolia to
Florida {Philip. 1947). 1t appears progre dvely carlier in ils sunthern
range but is present for only aboul a month in any one area {sce recovds
given by Brenman. 1935, for Fast Coast; and later by MacCreary. 1040.
for Delaware: Fairchild. 1950. for Connecticut : Knutson et al.. 1954,
for New England). This is in contrast to T nigrovittatus. which appecrs
carlier and disappears later in its southern rar-e. The seasonal distribu-
tion of C. fuliginosa as indicated by adult trap colleetions in 1956 and
1957 is shown in figure 10. These data indicate that the adulis were more
abundant in 1950 than in 1957. This may be correlated with air tempeva-
tures since the adults disappeaved suddenly after a pesiod ol high
temperatures in both years, The air temperatures shown in figure 10 were
obtained from a thermograph set out in a weather station in the Cow
Neck salt marsh, The maximum tenmperature for cach day was used 1o
calculate the weekly average maximum lemperatures.,

The adults and larvae of this species are not uniformly abnndant in all
the Long Islund salt mavshes. They were collected almost exclusively in
salt marshes with adjoining woods and only rarely {(adults) aloug the
south shore harvier heach. As an example. table 6 compares adult trap
counts from the Cow Neck salt marsh. bordered by woods, with those
along the nonwooded south shore barrier heach in 1050 and 10,7,

TABLE 6

Weekly Counts of C. fuliginosa on Adult Traps in Salt Marshes Bordered
by Woods Compared to Counts from Arcas Not Bordered by Woods

trerage No. per trap*

Collection period Woouded mar, ins Not wnoded
T 1950 ( Mraps) (O traps)
June 1- 6 3 0
7-13 30.5 (2
14-20 1745 0.2
21-27 QU85 07
28-July 5 0 0.7
July 6-11 0 0
1957 (2 traps) (Ztrap )
May 21-June 4 16 - -
June 5-7 19 0
8-14 48.5 0
15-21 32 1.5
22.28 0 0
29-July 5 0 0

' Only tra) inuntre ' ar 5 odarc i o' !
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OVIPOSITION AND EGGS

One mating pair of this species was collected at about 9 a.a. on
June 10. 1957. on a cool morning; air temperature 62°F., relative
humidity 55 percent. Thi pair was located in the shade of a weather
station set out in the marsh. They w.re risting on a leal of Spartina
alterniflora and facing in opposile directions with the tips ol the
abdomens in contact. as has been observed for 7. niwrovittatus. They
were caplured by netling after one. cludir - the net by ilying away while
remaining joined. The paiv vemained joined in the net for about 40
minutes and separated only when they were placed in a Jd-dram vial.
A moistened piece of raisin and a strip of filecard were also placed in
the vial, which was then covered with cheesecloth,

The vial was eramined daily, and ninety irvevularly seatteved - 5
were found 5 days later. These eoes hatched in another 5 davs and the
larvae moulted within a day flollowing hatching.

MacCreary (1910) observed matin: of this species in Delaware on
two occasions, on June 9 of one year and on June 10 of another year,
in both cascs between 9 and 10 a.m.

LARVAE AND PUPAE

Larvae ol C. fuliginosa have been collected from Mareh through
August and in November. The New Jersey larvicide sampling technique
was ineffective for this species and for C. atlantica. However, hoth species
can be collected readily by dryine sod samples in a Berlese funnel. No
very small larvac were collected. Those found ranged from 8-15 n. in
length. They were of assortad sizes with no apparent seasonal change in
average length. The pupal periods of four speeinens reared from Irvae
were 5, 8, Y and 10 days respectively.

Chrysops atlantica Pech.

ADULTS

This species was originally recorded from Ma: chusetts to Vi inia
by Pechuman. who distinguished it from the clo oly rvelated € flor da
in 1949. It has since been colleeted as far north as New Hampshire by
Knutson et al. (1954). 1t is widely distributed in the coastal region of
New York (see Pechuman, 1957). e recorded April 17 and October 0
as lhe extreme dates of collection in this aroo. Our carliest and Jal
records for this species on Long Island are June 17 and Augu ' 'k This
species is less abundant than C. fuliginosa at any one time but is present
over a longer period (figure 10).
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OVIPOSITION AND EGGS

Chrysops egg masses. presumably of this species (see page 10) wure
collected in salt marshes during the period when this specic . was the
only adult Chrysops collected there. with rarc « weplions. In 1950, 9
masses were collected between July 13 and August 2. Tn 1957, 12 masses
were collected between June 24 and July 30. These masses hatched in
2 to 7 days with an average of 1 days. As far as conld be determined
with these limited numbers. there seemed to be no site preference in
relation to open water or the edge of the marsh. They were widespread
in the marsh and were laid on the adaxial tinner) smiface of Spartina
alterniflora leaves about a foot above the marsh sod. as was the case with
T. nigrovittatus.

LARVAE AND PUPAE

About half as many larvae of C. atlantica as C. fuliginosa were colleeted
during our survey. In 1950 and 1957 a total of 01 €. atluntica were
collected from Berlese hmmel samples in comparison with 134 €. fuli-
ginosa larvae. Neither species was colle tad from samples taken alon:
the south shore barrier beach although they were regulatly colleeted in
marshes bordered by woods. Larvae of C. atlantica were colleeted from
May through August in assorted sizes from 8 mm. o 14 m., with no
noticeable trend toward larger sizes lale in the summer,

We were unsuccessful in oblaining pupace from larvae in the laboratory
although about 30 large larvae of this type were kept for rearing.

CONTROL

There have been few atlempts to control tabanids although a number
of possible methods of control have heen su-~ested. The v include drain-
age, destruction of oviposition sites. collection of oo mas e, sudden
fluctuations in water level, and oilin * pools of water to trap adults.

Parman (1928). in an experimental attempt to control Tabanus hyali-
pennis Hine (now T dorsifer Walker) with parasite .. collected thousands
of egg masses of this species parasitized by Phanwrus (now Telenomus)

emersoni Giraull (Hymenoplera: Scelionidae). The « v mar + were

placed in containers that allowed the parasites, but uot the larval hosts,
to escape. These were distributed in parts of southwest Texas where the
parasite was scarce or absent. According to Parman, reductions of 50
percent or more in viable tabanid cg¢ 5 were brought about under favor-
able conditions by the parasites. Since then, there  s=ms to have been
little work on biological control of tabanids, althovr h a number of para-
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sites have been recorded from dil . r:t pecies. Many of thes: records
are included in a veview by Miller (1951). Additional ones for New York
are given by Tashiro and Schwardt (1953a).

Adult Control with Insceticides

Insecticides have heen tested for adult tabanid control with varying
vesults, Howell er al. 11919) reported that solutions of methoxychlor.
DD'I. toxaphene and chlordane produced no appreciable control of adult
tabanids when applied at the rate of 2 pounds® per aere in woodlands.

Brown and Morrison (1955) tested lindane and dieldrin e.nulsions
and DDT solution. applied by airevalt to Tmile-sqnare plots for adult
tabanid control at Goose Bay. Labrador, They reported that application
of lindane at 0.5 ponnd per acre temporavily (2 days) veduced tabanids
in open. but not dense, forest. DDT at 0.0 5 1o 2 pounds per acre gave
temporary but unsatisfactor  _eductions. Dieldrin at 0.5 pound per acre
gave negligible veduction and at T pound per acre temporary reduction.

Gerry (1948, 1949) reported that 7. nigrovittatus adulls were sucee -«
fully controlled in Massachusettx salt marshes with DD'T solution applied
as a spray al rates of 1 to 1.7 pounds DT per acre. The addition of one
pereent aluminum stearate, as a spreader, prolonged residual effeetive-
ness. The inseeticide was applied by airerafl to the inner margins of
marshes. Studies indicated that 94 percent of the larvae in a given marsh
are found within 200 feet of the upper margin of the marsh. In 1919,
1,500 acres of salt marsh. comprising one-thivd of the total marsh. were
treated twice, with treatments spaced 10 day apart. Marsh sweep counts
and car counts taken before and after treatment indicated a reduetion
of about 95 percent in adult greenhead populations.

Larval Control with Tusecticides

There are large expanse. of relatively level alt mar hes covered by
average high tides alor  the south shore of Lou | lend and bordering
Peconic Bay. Tabanus larvae are widely distributed in these marshes.
Under these conditions. it seemed likely that Larrier strip of rvesidual
insceticide for adult control would prove e effective than in sitnation
where larval breeding was confined to a relatively narrow drip that could
be covered by the insccticides, The use of barrier strip re idual  prays
for adult control may prove us ful in some localities on Long Island.
but larval control appeared to offer substantial advanteres and was.
therefore. the method studied,

Al dosg; o cited refer to the amount of 1 huical in o cticide,
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In 1943, Gjullin and Mote noted that. in the laboratory, Chrysops
discalis larvae may be killed with low dosazesz of DT, The first large
plot tests of larvicides under field conditions appear to be those of Henser:
in New Jersey. He reported (1950) on tests of DI aldrin, and dieldvin
granules (tobacco stem) for control of salt-marsh tabanids in plots rang-
ing [rom 40 acres to 0.2 acre. Dieldrin was the best of these insecticides.
It markedly redueed larval populations al dosa es of 0.1. 0.2 and 0.5
pounds per acre.

CONTROL TESTS ON LONG ISLAND
REVIEW OFF TESTS MabU IN 105550

The insecticides tested against Tabanus spp. larvae in small plot sereen-
g experiments in 1955 and 1956 included dicldrin. aldvin. chlordane.
heptachlor and DDT (Jamnback and Wall. 1957).

All test materials were in granulated form (Attacla or Diluem)),
because granules readily penetrate the dense calt-marshe vegetation and
reach the sod below, Tn the ¢ tests. the granunles were applied by hand
sowing lo s-uare plots of salt marsh 60 {eel on a site. Formulations con-
taining 27}, percent or 5 percent of toxicant weve ued where pa sible,
At the lower dosages it proved diflicult to obtain an even distribution with
these concentrations. since only a few handfuls of granules comprised
the tolal dosage. In these cases, untreated -ranules were mined with the
formulation so that at least one quart of granules was used o treal cach
plot.

Heptachlor. chlordane and aldrin. in ascending order. were more
eflective than DDT but less effective than dieldrin.

Because of the superiority of dieldrin in the sereenine testo, it was
chosen [or the larger scale. practical control teds, in which a helicopter
was used. Two plots of 105 and 232 acres, respeetively, were treated with
2.5 percent dieldrin in a granulated fornmlation with 5 pereent nrea
inclhided as a stabilizer 1 Attaclay 30710 RV grannles: Vil ieol
AR-00 was the dieldrin solventy.

A Hiller helicopter equipped for dnstine was adapled by the 1+ Coast
Aviation Corp.. Bedford, Mass., for distribution of the  ranules tficure
11). A pair of dust hoppers (one on cach side of the hielicopter) . each
with a funnel-shaped hase. were uced 1o carry the cranule - A manually
controlled gate valve. uzed to start and stop the flow of insecticide. was
located at the base of cach hopper.

A 12inch diametev disk was attached horizontally about an inch
beneath the outlet to cach hopper. There were cight vertical vanes, each
15, inch high, on the upper surface of each disk. The vane  were bent
over slightly along the top margin in the direction of rotation to reduce
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the amount of granulated material bouncing ofl the disk rather than being
thrown off by the rotating vanes. The disk was rotated by an electric
motor operating at about 1,500 r.p.m. The rotating d*sk broke up the
stream of granules flowing out of the hopper and threw them out, away
from the helicopter. where the wind aided in further dispersal.

The helicopter flew about 30 m.p.h. at an altitude of about 20 feet over
open marsh and at 60 feel or more in areus where there were trees
bordering the marsh. At an altitude of 20 feet with a wind of about
10 m.p.h.. most of the granules landed in a swath about 35 feet wide.
Approximately 8 minutes were required to disprr.« 200 pounds of
granules with this equipment.

Larval Tabanus populations were greatly reduced in both plots (table
7). In the smaller plot whi h consisted of an entire isolated salt marsh,
this reduction was relle.ted in reduc :d adult populations. In th-- larer
plot. which was contiguous with untreated marsh, adult r'ebanus popu-
lations remained high.

TAnLE 7

Numbers of Salt-Marsh Tabanus Larvae Collected by the New Jersey

Larvicide Sampling Method in Plots Treated by Helicopter with Granulated
Dicldrin in 1956 and 1957

Avere e No. larvae per square yard

Location 195:4-1955 1950 1957
Tiana Beach Section of Shinnecock Bay
treated 1‘)5()1 0.2(22) 0030)
8.4(38)
treated l!)57, 5.3(*) 0.1028)
North Sea Harbor ... ..o ool 15.5(39) nye N 0.3030)
Cow Neck, untreated .................. 13.6(15) 12.2(18) 10.4(24)

Samples all taken in July and Au ust. The numbers of sample avera, ed are (iven
in parentheses. Averages of samples taken hefore treatment or in untre ted marsh
are in boldface.

OBSERVATIONS AND RESULTS IN 1957

In 1957 further observations were made in the  large plots. Samples
taken in the carly spring of 1957 using the Berle ¢ funnel sampling
method (the New Jersey larvicide method is ineffective in cold weather)
indicated that there had been little if any T'ebanus larval repopnlation
in plots treated the previous yo ur (table 8). These portions of marsh
were, therefore, not rotroated i 1057 (with the exception of some
marginal areas of the North Sca marsh where poor coverr ¢ had been
ubtained the previous year).
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In the Shinnecock Bay area, wherve a 3-mile strip of the Dune Road
salt marsh had been treated in 1)56. an additional 483 acres hordering
the bay were treated on May 22 and 28. 1957, Th <ame helicopter that
had been used in 1950 was used to disseminale the eranvles. which
were 24 <18 mesh instead of the 50 10 mesh matarial used in 1976, The
area treated included all the salt marsh bord.ving the bay between the
Quogue and Ponquogue Bridges (figure 12). Mew Jersey larvicide
samples taken in July and August 1957, following treatment. indicated
that larval Tabanus populations had been greatly reduced and also
supported the Berlese funnel data taken in the early spring. which
imdicated that there had heen little, if any., Tubanus laryal repopulation
of plots treated in May 1950 (el tables 7 and 8).

The west end of Shinnecock Bay narrows to a channel that ix hordered
by a small amount of sall marsh, This channel joins Quantuek Bay abont
a mile awav where there is morve salt marvsh. T'o the cast. the treated area
is contiguous with similav. but untreated sall marsh, The irregnlar con-
tours of the marsh. the prevailine winds. and normal variation in adult
trap counts complicate interpretation of data colleeted from traps placed
inside and outxide the treated arca. The highest weekly counts (s e pa v
25) for traps in varions locations in the marshes bordirine Shinnecock

Bay are shown in figure 12.

TanLE 8

Numbers of Salt-Marsh Tabanus Larvae Colleeted from Berlese Funnel
Samples in Two Ploix Treated by Helicopter with Granmlated Dieldrin
in 1956

Average No. larvae per square joot

1900 105,
Mar.-May Julv-Adug. Mar.-Muy

Tiana Beach section of Shinnecock Bay.. 3.5(29) 0.20 0l
North Sea Harbor® 0000000 0 oo . 41.3(13) 0.0013) 0101

The numbers of samples averagc D are cven in parenthe e, Averare - of  omples
tuken before treatment are in holdface,

Foolude o apl o o owonded - a0 T marsh o w! e [ TR |
in 198,

Since adult greenhead populations vary in numbers from year 1o year.
it is desirable to take the e dillerences imto aceount when cvaluatin -
the effectivene  of a control pre <ram. Tor example. in 1950 the averaes
highest weekly count from all traps in untreated salt marsh on Long
Island was 29.4 greenheads; in 1957 it was 4.8 rreenheads, This differ-
ence was laken into acceunt by calculating the highe 1 eapected e kly
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count in 1957 for each trap site in the control area and comparing this
figure with the number of flies actually captured at these sites. The al-
justed differences were then assumed to be attributable to lurval control
measures. Abbot’s formula was used to determine the percent reduction,
for example:

Where 29.1  : the averae* highest weekly count for all untreated area
Lraps in 1950
44.8 = the averaee highest weekly count for all untreated area
traps in 1957
111 = the actual highest weekly count on a trap in the treated
area in 1950
X 7 the expeeted hichest weekly count on this trap in the
treated arca in 1957

29418 111:N X 1091

The actual highest weekly count on this trap in 1€ 37 was 19,

Applying Abbott’s formula T60.1-10

PPIying - X 100 888 per _ni
109.1

reduction,

The other adjusted reductions shown in figure 12 were arvived
at in a similar manner. They range from Y0.3 in the center of the
treated arca 1o 02.8 percent toward the western margin. The pro-
portionally lower reduction toward the western side of the treated
plot may be due. in part. to the prevailing winds. which may tend
to favor migration from that quarter (f wre 12),

Collections were made on oue trap in the Tiana Beach area for a full
season before any marsh was treated. This trap was located in untreated
marsh in 1955, which was just inside the area treated in 1950, and was
in the middle of the combined 1950-57 treated arcas. The adjusted
reduction from 1955. when this site was not treated. to 1956, when it
was on one edge of the treated zone. was too slight 1o be considered
significant (9.4 percent). The adjusted reduction from 1955 to 1907,
when it was in the middle of a large treated arca. wos 9101 pereent.

The other large plot (105 acres) that was treated in 1950 w. - a rela-
tively isolated salt marsh bordering North Sea Harbor. Portions of thi
marsh are bordered by tall tre s, which. in 1950, cansed a fow marginal
areas Lo be incompletely covered. In 1957 these arcas, totaling approxi-
malely 32 acres, were retreated.

Tabanus larval samplc taken before and following treatments at Nouth
Sea Harbor indicated that larval populations were greatly reduced
following treatments flable 7). Two adult traps were set up in the center
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of the main portion of this marsh in 1950, 1906 and 1957, The highest
w. klv counts for cach of these years are shown in table 9. These indicate
that adult 2 ebanus populations were reduced approximately 80 pereent
to 90 percent followin: treatments. The caleulated reduction was slightly
greater in 1056 than in 1957 in spile of the faet that larval population
counts were lower in 1957,

TABLE 9
The Highest Weekly Connts of Adult Tabanus on Traps in o Treated
Isolated Salt Marsh Compared with the Average Counts for Untreated

Marshes
Highest weeldy connt Percent reduction
Cadjusted)
Location of traps 1035 1450 1us7 100 10/,

North sea Harbor

Facing north-south ... ... 110 1\ i) fn.d .0

Facing cast-wo 1 ... ..., 86 1 3 [ ST
Average of traps from

untreated sall marsh. ... .50.4(16) 29.1.28) 11.8(18) 0 (0
The number of traps in untreated mavshes 1 iven in pareatheses, Fignre in bold-
face ave for nntreated arcas or for sample  taken before treatment,

FEASIBILITY AND COSTS OF CONTROL

While the methods of larval control reported heve apper to he effective
in reducing adull greenhead populations under certain conditions. con-
trol procedures are <till in a developmental stage and will require addi-
tional ficld-testing and improve nent before they can be recommended
for routine use. A method of acrial applic ition of eronules that will - jve
a uniform swath of 50 feet or meve would he highly de irable,

The desirability and feasibility of coctrol will depend on o immber
of factors. including: the nuniber of people living in. or wiv= a - iven
area: the degree of anmovanee caused by the greonheads: the amomnt of
sall marsh thal must be treated to obtain control. and the po <ible injury
to desirable wildlife tsee following section 1. Prabably the most promising
type of situation for control is the i:olated marsh of o fow hundred acres
adjoininr or nearly surroundine an intensively used beacl where the
greenheads are abundant and umoying.

The costs of control depend on the size of the area to be treated. the
availability of properly equipped aireraft. type of terrain. and cost of
insecticide. In general. ¢ sts of application of insecticide 1o plots of a
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few hundred or 2o acres range from 81 1o 83, The 2.5 percent dicldvin
granules used in our experiment cost about $0.12 cents per pound or
about 31.20 per acre. Data collected in 1950 and 1937 suggest that
dieldrin granules applied at the rate of 0.3 pound per acre (technical)
in late May will retain their residual effectiveness until after the Tabanus
larvac hateh from ege masses laid that same vear, Tn efleet this gives
two vears” control with a single application and would reduce the annual

cost by one-half.

SOME EFFECTS OF DIELDRIN ON
SALT-MARSIT FAUNA

The coastal salt marshes and adjacent beaches of New York State
provide food and cover for numerous shore birds. migratine and over-
wintering waterfowl. bait fish. cels. erabs, shelllish and smaller animals
of many kinds. According to the Fish and Wildlile Service 1Anon., 1955) .
the marshes and shallow water arcas along the sonth <hore of Long
I<land from Peconie Bav to Jamaica Bay are among the most valuable
migration and wintering gronnds for hivds along the Atlantie Coasl,

The salt marshes also serve as a protective bufler zone between the
ocean and mainland during unusually high tide: and stori . 1t s de-
sirable to avoid. nsofar as possible. disrupting novial plant and animal
relationships in the marshes and along the beaches, Anattempt to control
one segment of the sall marsh population. ez eveenheads, should take
mto consideration the possible effects on other fauna. A review of the
literature dealing with the efleets of dieldrin on wildlife and information

on this subject oblained in the conrse of omr studies is presented bhelow.,

Information from the Literature

It appears from the literature that dieldrin is one of the more toxic
chlorinated hydrocarbon insecticides and that it has a relatively lone
residual effectiveness. Under field conditions. the effects of treatment on
wildlife are diflicult to assess, but there ix considerable evidenee that
both invertebrates and vertelrates may be injured by it. Laboratory
studies indicate that the production aud viability of the o« of some
birds may be adversely affected by otherwise apparently harmles  ex-
posure Lo dicldrin. Reports of its effects on wildlife have been reviewed
by Rudd and Genelly 11956). The Tollowine sunmmary of the effect= of
dicldrin on wildlife under field conditions includes both the sourees
cited by them and papers published sinee their review appeared,

There have been a number of instances where dead bird - and manunals
have been found followin application of dieldrin at relatively high
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dosagi . ranging from 3 to 4.8 pounds per acre (Henrderson rud Shavw.
1954 Small y. 195,5: Seott and Willis. 1954). Horsfall (1€ note 1
that dieldrin can be used effectively to reduce populations of pine mice
and meadow mice in orchards when applied at the rate of 4 1o 4.5 pounds
per acre.

Mortality of birds and mammals has also heen reported followine
application of lesser amounts of dicldrin. Ry kman er al. (1953) reported
that several dead squirrels and rabbits were formd following ~pplication
of dieldrin spray applied at the vate of T.OJ pounds per acre. Rudd and
Genelly 11955) stated that dead birds and manmmals were recovered
following application of dieldrin spray at the rate of V.o and 1.5 pounds
per acre for stink hus: control. They also noted that dieldrin sprav “care-
lessly applied™ at a nominal rate of 0.5 pound per cc.e for vice leal
miner control killed lar ve numbers of bivds and fsh. However, an -
mediale dvop v mortality was noted when the material was properly
applied.

There are fewer data on the effeets of dieldrin on vepriles and am-
phibians. Smalley 119500 noted a dead water snake (Natrix sipedon) . a
dead garter snake. (Thamnophis sirtalis) . and a dead fro (Rana
pipiens) [following application of dieldrin vanules at the rate of 4.8
pounds per acrve. Mathis and Quarte.man (1953) veported that dieldrin
emulsion in small ponds killed frogs when applied at the rate of T pound
per acre bul that tadpoles hatching later were apparently wnaflected.
Rudd and Genelly (1¢55) also reported that dead snakes wiore found
following application of dieldrin sp_av at the rates of 0.5 and 1.5 pounds
per acre.

Dieldrin appears to be one of the more toxic inseeticides affecting fish,
Tarzwell and Henderson (1957) collected run-ofl rainwate. from a slope
treated with 4.00 pounds per acre of dicldrin gramudes, They noted that
some fathead minnows (Pimephales promelas) kept in this waler were
killed even when it was diluted 1 1o 3 witho uncontaminated water, The
run-off from subserquent rains hecame sucee sively les toxie, Methi- and
Quarterman (1953) reported that dieldrin enmlsion. when applied at
the rate of 1 and 3 pounds per acre to small pond ' is decidedly harmful
to fish and other aquatic or anisms. Rudd and Genelly (1955) recorded
extensive fish injury following treatment with dicldrin spray “carele stv
applied™ at the nominal rate of 0.5 povnd per acre.

Ginsburg and Jobbins (1951) reported many dead h-h. other forms
of aquatic life. and some birds were found within three day  followin ¢
application of dieldrin dust at the rate of 0.3 pound per acre in alt mar. .

Webbe (1957} recorded mortalitic  of 217 pereent ar 0.1 pound per
acre and 48.4 percent at 0.2 pound per acre for three specic of the fish
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Tilapia, held in ponds treated with dieldrin granules for three weeks
and kept for an additional three weeks in uncontaminated water.

Hogan (1950) noted that ricefield water treated with 0.1 pound
dieldrin per acre was still toxic to fish 10 to 20 days after treatment.

Webbe (1955) reported that eight treatments with 1 pereent dieldrin
granules applied at weekly intervals at the rate of 0.05 pound per acre
to small ponds caused injury to some mvertebrate fauna. In addition
to mosquito larvac. there was obvions mortality among the mayily naiads,
bugs, water boatmen. and water beetles following the first treatment.
In addition to these groups. dragonflv and damselily naiads were absent
after the third treatment. Some dead snails were found but tadpoles.
frogs and crabs were appavently unaflected. Representatives of these
groups were present in two of the ponds four to five weeks after the
final treatment.

A study of the effects of dieldrin granules applied at the rate of 1 pound
per acre to tidal salt marsh in Florida was made by Harrvington and
Bidlingmayer (1958). It is considered separately here sinee conditions
in their studies were. in some ways. similar to those in the Long Island
area. Their observations were confined to the effects on fish, crabs and.
incidentally, molluscs. There was an extensive kill of the fish inhabiting
the salt marsh ditches. and the marsh itsell at high tide, almost immedi-
ately following treatment. Aquatic crabs succumbed more slowly and
were seen foraging on the dead fish. They weve annihilated by the treat-
ment. Fiddler crabs were brought close to annihilation. Molluses, in-
cluding snails and oysters and nudibranchs. were apparently uninjured
by the treatment. The snails were observed feeding on the dead fish two
weeks following treatment, and thereafter no more dead fish were found.
Aquatic crabs were eliminated for the 17-week obscervation period fol-
lowing treatment. Within a month an inerease in fish populations became
apparent. and by the tenth weck the populations had inereased to a point
where no direct effects were apparent.

Although some of the deaths reported in the studic . cited above may
have been due to other causes. thev indicate. rather conclusively. that
dicldrin was injurious Lo many vertebrates as well as invertebrate. and
that even mammals may be killed by dieldrin as it has been applied
under field conditions.

Data from Studies on Long Island
In our studies, granulated dicldrin was applied by helicopter Lo tidal
marshes at the rate of about 0.3 pound per acre. Three salt mau. hes
were included in the study. The Cow Neck and North Sea Harbor salt
marshes border Peconic Bay. The Shinnecock Bay salt marsh borders
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Shinnecock Bay and consists of a havvier heach marsh and marsh
bordering the mainland. The vegetation in these mavshes consist — of
salt-mavsh covdgrass (Sportina alterniflora) . salt meadow ¢ rass | Spartina
patens). and lesser amounts of glasswort (Salicornia spp.). spike grass
{Distichlis spicata) and in some places groundsel-bush (Baccharis hali-
mifolia) and marsh elder (Ira frutescens) and also reed grass (Phrag-
mites communis) and bulruzh (Seirpus spp.). These mavshes are largely
covered by average high tides. those adjoining Peconic Bay to a depth of
L to 2 feet and ihose along the barrier heach to about a foot or less. All
these marshes have been extensively ditched for mosquito control.

METHODS OF STUDY

Two methods of studying the effects of the treatments on wildiife were
employed, depending on the organisms under consideration: (1) For
the smaller invertebrates. counts were made fronn s puare-foot samples of
salt-marsh sod brought into the laborato v Tor detaized study. (2 For
the larger animals. which included bivds, Gsh. erabs and  me molluses.
field survey methods were nsed. These consisted of scarches for dead or
abnormal specimens and observations on the live and apparently normal
specimens.

THE SMALLER INVERTEBRATLS

The eflects of treatment on some ~roups of smaller salt-marsh in-
vertebrates were determined by taking samples inside and ontside the
treated marshes before and aflter treatment.

Each sample comprised 1 square fool of salt-marsh sod 11, inches
thick (with some variation due to surface trregularvities)y, Poare s of sali-
marsh sod were cut with a flat . pade and the top ineh and a halfl layer
sawed ofl. This picce of sod was placed ina pliofilm bag and tuken to
the laboratory where it was placed ina Berle « Tunnel (figure 5). A 100-
watl bulb in cach funnel speeded drying. The animals that coser-ed from
the sod as it dried and that crawled downward we.e collected inajar
of salt-marsh water attached to the hottom of caech fuimel. The specimens
i the jars were comnted and removed al intervals of one or two days.
Each sample was kept in a funnel for seven days or until it was thorous hly
dry. In some imstances the specimen i a given  toup were loo numerous
and active to permit complete counts. In the e cases partial connts and
estimates were made. The springtails (Collembola) and mealybugs
(Cuccidella) were particularly diflicult to count.

The numbers of cight representative < roups amon- the smaller in-
verl brates were rccorded. These included the met con-picnons or
abundant forms in the marsh fauna. namely @ dipterous larvae . alybue

springtails, mites, spiders, amphipods, ispods. and snails,
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Groups that were not included in counts hecause they wire scarce. too
small to be readily scen under a microscope. or highly irregular in
distribution. include. among the Iemiptera and Homoptera. saldids,
fulzgorids and aphids: among the Coleoptera. hydrophilids, staphylinids,
melyrids and others: lepidopterous larvae. dragomly naiads, ants.
pseudoscorpions. nematodes. copepods and a few others,

Table 10 summarizes the data on the groups counted in Berlese funnel
samples. These indicat- a clear-cut veduction in dipterons larval popula-
tions and an increase in the numbers of mealybues (pseudococcidst fol-
lowing treatment. These mealybugs were found on the roots of Spartina
alterniflora just beneath the soil surface. Representative specimens have
been identified as Coceidella maritima (CkIL) by I1. Morvison. Fnto-
mology Rescarch Division, U. 8. Departuent of Ae ricu!ture. The numbers
of Collembola present in treated plots also appear to have inereased. Less
clearly indicated was a temporary increare in amphipods during the
summer following spraying and a possible merease in the number of
snails. Among the dipterous lTarv-e, the cecidom dids. ephydrids and
scatophagids appear to be less affeeted than the other gioups. Similar
increases in the numbers of eertain soil-inhabiting fauna following ap-
plication of insecticides have been noted by other workers  re reviews

by Brown. 1951, and Satchell. 1955).

THE LARGER ANIMALS

Under this heading are included the birds. fish. crabs. and larger
molluscs. No altempt was made to determine the effects on mammals
hecause of their relative scarcily in the marshes and their elusive habits.
The mobility of some of the animal groups, po ible repellent effects of
the insecticide. and the possibility that individuals that had heen afledcted
by the treatinent might leave the survey arca are factors that tend to
reduce the reliability of the field survey method of studying the effects
of insecticides on these groups of animals. In the absence of detailed
studies. however. this method probably 1 sufliciently reliable to detcrmine
whether or not extensive direet injury occurred in these lareer and more
conspicuous groups,

Field studies of the effects of dieldrin application tmade on May 29
and 28. 1957) on birds were wmade by Mr. J. Bryant. U, S, Fish and
Wildlife Service. in the marshe  bordering Shinnecock Bay. Mr. Bryant
was then in charge of the Morton National Wildlife Refe- e Novack,

L. 1., and was familiar with the species of birds pre nt in this roeion,
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their normal population changes. and with the salt marsh itsell. We

have summarized his observations, with his permission, as follows:
Bird populations in the Shinnecock Bay area were observed following
application of dieldriu granules to the salt marsh. The insecticide
was disseminated over the marshes at the vate of abont 0.3 pound
per acre (teclmical) on May 22 and 28. 1937, Some species such
as the red-winged blackbird ( lgelaius phoeniceus), ceviain spar-
rows (Ammospiza spp.) and gulls (Larus spp.) were present in
large numbers and well suited for close ohservation. Others were
less widespread. their distribution being limited by the presence
or absence of suttable habitats within the marsh. During the period
of observation. from mid-April to mid-June. no dead. lethargic
or otherwise abnormal specimens of any species of hirds were
observed. Their abimdanee and hehavior were similar in the treated
and adjoining untreated areas with normal increases and deercases
in numbers and activity due to the time of day. scason and status
of the weather and tide.

Incidental observations of other marsh fauna showed:

1. Some dead. moribund and abnornal fish, mainly Fundulus
spp.*

2. A considerable number of dead. moribund or lethargic green
crabs (Carcinides macenas) and blue crabs (Callinectes sapidus).
It appeared that the major portion of the population of these species
was aflected. Most of the speaimens examined were of small size,
up to 3 inches in shell width, and no novmal appearing individuals
were observed until three days after spraying.

3. No apparent injury 1o the horseshoe crab (Limualus poly-
phemus) that were present before and after the application of
dieldrin.

4. An almost complete lack of fiddler erabs (Uea prenax)
although numerous burrows were noted in various section: of the
marsh. This was also trae before application of grauule | presumably
because they had not emerged yet following their period of cold
wealher inactivity. It wonld he expected that a Tew individuals of
the population would be observed prior to normal activity in the
spring of the year, bul none were seen.

5. No apparent injury to other typical invertebrales sueh as the
ribbed mussel i Wodiolus plicatulus). salt-marsh snails (Littorina
saxatilis and Melampus Didentatus). and mud snail  (Hllynassa
obsoleta) .

A considerable number £ apyp rectly unaffected i b we also noted, Obeerva-
tions were limited to shallov. water pecies ¢ no_ally not xceedimn 3 inehe in len jth,
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The possible effects on fish of the 1956 *reatment in North Sea Harbor
were studied by H. Udell. Shellfisheries Management Unit. Division of
Fish and Game, New York State Conservation Department. The entire
salt-marsh area bordering North Sea Harbor was treated in 1956. As
mentioned earlier. coverage was good except in a few marginal portions
of marsh bordered by woods. Mr. Udell's observations are summarized,
with his permission, as follows:

Large numbers of bait fish (mostly Fundulus heteroclitus and F.
majalis) were found throughout the marsh before tre atment. Two
days after trealment. net samples and visual obseryution indicated
no reduction in number of fish present. No dead. moribund or
lethargic fish were located. On June 12,17 days after treatment, the
area was again visiled: as on the previons vecasion there was no
indication of fish kill. However. the number of fish preent had
apparently decreased. This is typical of these species after spawning
has occurred and was not attributed to the spraying operation.

It was interesting Lo note that .nall pools. ereatid in conneetion
with studies of the smaller invertebrates. weve literally teeming - with
post-larval Fundulus app., measuring 5-0 mm. These fish all appeared
normal, which would indicate tl 1t the spraying had no deleterions
eflect on the (ges or larvae of these fish. At this time numerous
lethargic fiddler crabs were seen. A few dead ones wirc observed.
These were mostly small females.

In addition to observations made by these two “roups. State Science
Service and Suffolk County Mosquito Control Commis: ion personnel
made field surveys Lo determine the gross effects on wildlife.

In 1956 live cages containing fish were set out in the treated seetion
of marsh bordering Shinnecock Bay and in adjacent untreated marsh,
Two cages in the treated area contained an aggreeate of 18 Fundulus
spp.- 3 broad killifish (Cyprinodon variegatus) and 6 sil.ersic
(Menidia spp.). All were alive and apparently unaffected when they
were examined three days after treatment. Several fish pots in the treated
area were examined. A total of 9 live , reen crabs (Carcinides maenas)
and 25 assorted bait fish (Fundulus and Cyprinodon). all alive and ap-
parently normal. were counted in three pots on the same day.

The mosquito ditches in the treated arca were searched {or dead fish
the day following application and - eain three days after treatment. The
day following treatment. 5 dead Fundulus spp.. all about 1.5 inches
long, were found in three hours’ search. At the same time numerous
live bait fish were seen in the ditches. Three days after treatment about
30 dead cels (Anguilla rostrate), all about 2 inches long, were observed
at one spot. Three small live ecls and 3 broad killifish were s« | swimming
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near the dead ecls. appavently unallceted by the treatment. Fish were
observed in large number. in this marsh and at Towd Poiut almost daily
during the summer following treatment. Live fish were abundant in the
ditches and dead fish very rare except for those taken within a few days
after treatment. No fiddler crvabs were observed cither hefore or shortly
after treatment. presumably becanse they had not emerged from hiberna-
tion at the time of treatment (May 21 and 25). During the summer large
nmbers of dead ov lethargie fiddler erabs (Uea spp.. mostly pugnax)
were seen i both of the treated marshes. At the same time some appar-
ently normal ones were seen in these same marshes,

In 1957 another portion of the Shinnecock Bay sall marsh was trealed
on May 22 and 28. Several ponnds of granules. which had inadverteutly
been spilled during loading. were blown into a small pool vabout 250 sq.
{t.} by the helicopter. Before treatment this pool contained nnmerons
live killifish and broad killilish, On May 30 hundreds of dead ish were
seen. There was apparently no survival of fish in the pool. The pool was
examined at irregular intervals thereafter. On August 9 nnmerous small
broad killifish less than an inch long were seen for the fivst time following
treatment. Live bubble shell snails (Haminea solitaria) were also present.

In the ditches. channels aud pools of the treated portion of marsh, there
was some evidence of fishmortality. During the week following treatment.
36 dead Fundulus spp., 2 Apeltes quadracus and 4 Cyprinodon variegatus
were foumd in about 15 hours of scarchiug. A few abnormal. i.e. poorly
coordinated fish were seen during this period. but not later, At the sane
time. nmmerous small. apparently normal. bait fish. mostly killilish and
broad killifish, were observed in these same ditches. channels and pools,
In June mumerons schools of apparently wnafleeted bait fish ry were
observed in the treated arca. The horseshoe evab. Limulus polypliemus.
was abundant in May hefore and after treatment. Dead. abnormal
apparently normal ones were scen during the week following treatment.
The abnormal ones were frequently seen lying on their hael  with their
gills moving slowly and the tail spine pushing downward toward the
ground. Dead specimens were also found in the adjacent cheek area.
The mortality in this case may be due. al least in part. to natural death
following egg deposition.

The effect of treatment on erabs was assessed by countins the live and
dead ones observed while wading in channels cut throw sh the marsh.
During the week following treatinent. 22 dead or abnormal blue crabs
(Callinectes sapidus) were found and no normal ones seen. In addition,
22 dead or abnormal green erabs ( Carcinides maenns) were scen and
2 apparently normal oncs. Specimens were considered abnormal il they
were found lying on their backs or could be picked np withoutl assaming
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their typical defensive posture. All specime.s recorded were picked up
and examizied to make sure no cast skins were included in coumts. During
June. 22 dead or abnormal and 21 apparently normal blue crabs were
collected and 11 dead or abnormul and 28 apparently normal ereen erabs.
Few fiddler crabs were seen at any time during the summer. Only 6 dead
or abnormal specimens and one apparently novrmal «pociren were
recorded.

The mud whelk. /llynassa obsoleta. which is [ouad in water bordering
the marshes and in ditches and channels running into it was apparently
unaflected by treatment. Large mumbers weve observed before and at
intervals after treatment. The salt-marsh snails. Littorina savatilis and
Melampus bidentatus. which are Tound in the intertid=" zone of the salt
mav=h. appeared to be unallected by treatment. Modiolus plicatidus, the
horse mussel. which is the only hivalve found commonly and in large
nuwmbers at the surlace of the marsh. was apparently unallected a month
[ollowing treatment. Later in the summmer. on \eeust 210 23 and 29,
large numbers of this species were found dead inside the treated area.
Conservation Department personnel estimated that abont 9 pereent of
the Modiolus phicatulns in the treated area were dead. There appeared
to be little mortality on either side of the treated avea, The Shellfheries
Management Unit. New York State Conservation Departiment, reported
that these mussels weie analyzed chemically shortly after the dieldrin
was applied and again (ive months later, Tn neither instance was a
significant amount of halogenated hydrocarhon fonnd in the mussels
tested. From this. they coneluded that the dieldrin ovanules, at the de ase
used. did not directly contribute 1o the mortality of these mussels.

DISCUSSION

Dicldrin granules as applied in these tests over sall marshes at a vate
of about 0.3 pound per acre appear to he eliective in redneing populations
of ground-inhabiting dipterous larvae inchiding the tabanids, The most
obvious direct effect on other Tanna is injury to hlue erabs, Waere this
species is abundant and ¢ onomically important. there are a munber of
steps which. taken individually or together. would probably reduce erab
mortality.

['or example:

1. I the insecticide were applicd in carly Mareh rather than in late
May. direct effect on the blue erabs mi<ht be lar wly avoided, sinee they
overwinler in - p water. By the time the returned to the marsh areas
late in the spring. the dieldrin that fell into ditehe - and chaunel:; flushed
by the tides, would be greatly diluted,
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2. Move care could be taken in applying granules near channels. inlets
and pools where the erabs may oceur in large numbers,

3. A lower dosage might he used. Dosages of 0.1 pound per acre or
less have given control in small plots. The higher dosages applied in our
tests were used in an attempl to oblain lwo-year control with a single
application.

4. Diflerent formulations of insecticide having a slower release rate
might be less injurions to erabs.

5. lmproved distribution apparatus {or granules would assist in
obtaining a wide. uniform swath that would reduce inequalities of dis-
tribution. which undoubtedly occur with the relatively primitive equip-
ment used in these Llesls,

The field survey data obtained by three separate groups of observers
studying the effects of dieldrin in salt marshes were in substantial #~vee-
ment where they overlapped. There was no apparent direet injury to
birds, either immediately Tollowing treatment or durin > the summer
months thereafter. Small numbers of dead bait fish and immatore eels
were found within a few days following treatment. At the same time many
live and apparently normal bait fish and eels were present. Later. numer-
ous schools of apparently normal fin- evlin=s were observed. Many
(probably most) of the blue erabs and green crabs present at the time
ol the application were affected and eventually died. A lessening desvee
of mortality persisted for at least five weeks Tollowing treatment. Dead
fiddler erabs were found in treated marshes during the simmer following
treatment. The three most common species of snails were apparently
unaflected. Numerous dead horse mussels. the only bivalve commonly
oceurring in the vegetated portion of the salt marshes. were found in
August three months after treatment in the treated portion of the marshes
but not on cither side in untreated marsh. Among the smaller inverte-
brates studied. dipterous larvae appeared to be greatly vedueed by the
treatment and mealybugs and springtails inercased somewhat. Changes

in other groups were less clear-cul.

SUMMARY

The salt-marsh greeuhead. Tabanus nigrovittatus NMaeqy.. was found to
be the most abundant and aunoying of the salt-marsh breeding species
of tabanids in coastal arcas of New York, Other salt-marsh breeding
species commonly collected were Tabanus lineola Vab.. Chrysops atlantica
Pech. and Chrysops fuliginosa Wied. The immature stage  of come salt-
marsh-breeding specics are described and observations on their life
histories are given.
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Larval control studies carried out on Long Island indicate that granu-
late d dieldrin. applied at the rate of about 0.3 pound per acve by aircraft
over the marshes. greatly v duced Tabanus larval populations. In some
mstances, this reduction was reflected in reduced adult populations within
the treated arca.

Studies on the efleets of treatment on other fauna indicated that birds
and fish are little alfccted by the treatment. Dipterous larvae. crabs. and
liorse mussels appear to be adversely affected while mealybug s and spring-
lails increase in mumbers. Changes in the poprilation levels of mit
spiders. amphipods. isopods and snails were less clear-cul,
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PLATE 1
Eggx
Figure 13, 7. lincola mass, lateral aspeet
Figure 11, Cross scetion anterior end showing micropyle cone
a. (. fuliginosa
b. €. atlantica
c. T.nigrovittatus
d. 7. lineola
oo Toatratus

Larvae

Figure 15. Abdominal segments, dorsal aspeet
a. 1. lineola
b. T. atratus
Figure 1o. T, lincola. lateral aspeet
Figure 17, 7. atratus
a. Thoerax, lateral aspeet
b, Posterior end, lateral aspeet

Figure 18. 1. nigrovittatus posterior end, Tateral asect
Figure 19, 7. sp. A, posterior end, lateral aspeat
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PLATE 11
Larvae (cont)

Figure 20. €. juliginosa posterior end, lateral aspeet
Figure 21. . atlantica posterior end, lateral aspeet

Pupane

Fijur 220 T, nigrovittatus aster, posterior aspeet

Figure 23, T. lineola aster, posterior aspect

Figure 24, €. fuliginosa aster. posterior aspeet

Figure 25, T. nigrovittatus opereulum, frontal uspeet
Figure 26, 7. lineola thoracie spiracle, frontal aspect
Figure 27. €. fuliginosa thoracic spiracle, frontal aspeet
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