
SENATE No. 429

Cbe Commontoealtf) of ^assacöuöetts

FINAL REPORT OF THE DEPARTMENT OF 
PUBLIC HEALTH AND THE STATE RECLA
MATION BOARD RELATIVE TO THE PRO
TECTION OF THE PUBLIC HEALTH AND 
RELIEF FROM THE GREENHEAD FLY 
NUISANCE IN TIDAL AREAS IN NORTHERN 
ESSEX COUNTY.

D e c e m b e r  3, 1947.

To the Honorable Senate and House of Representatives of Massachu
setts in General Court assembled.

The Joint Board, established under the provisions of 
chapter 58 of the Resolves of 1946 to investigate and study- 
relative to the protection of the public health, comfort 
and convenience and the relief from the greenhead fly 
nuisance in the tidal areas in northern Essex County, 
herewith respectfully submits its report.

The resolve establishing this Joint Board, approved 
by His Excellency the Governor on June 10, 1946, pro
vides as follows:

Resolved, That the department of public health and the state rec
lamation board, acting as a joint board, are hereby authorized and 
directed to investigate and study conditions existing at the Merri
mack, Plum Island, Parker, Rowley, Ipswich, Essex and Annisquam 
rivers and the lands adjacent thereto in the towns of Salisbury, New
bury, Rowley, Ipswich and Essex and the cities of Newburyport and 
Gloucester and the tidal areas tributary thereto, for the protection 
of the public health, comfort and convenience and the relief of the 
greenhead fly nuisance, so that the waterways, beaches and areas
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adjacent thereto may be rendered more usable, thus enhancing their 
value for the purposes of recreation, farming and habitation. For 
the purposes of this resolve, said joint board may enter on any land 
adjoining or abutting the tidal areas of said streams and waterways 
and their tributaries which it may desire, to survey or examine, and 
may expend for engineering and other expenses, including DDT and 
other chemicals, such sums, not exceeding, in the aggregate, three 
thousand dollars, as may hereafter be appropriated therefor. In con
nection with said investigation said joint board is hereby authorized 
to accept financial or other assistance from the federal government, 
research institutions and other private institutions. Said joint board 
shall report its recommendations, if any, and plans and estimates of 
the cost of any works, improvements and damages, together with 
drafts of legislation to carry said recommendations into effect, by 
filing the same with the clerk of the senate on or before the first 
Wednesday of December in the year nineteen hundred and forty- 
seven, and shall at the same time file a copy of said report with the 
budget commissioner. Approved June 10, 191,6.

The funds appropriated under this resolve did not 
become available until after July 1, 1946, which was well 
into the greenhead fly season, but a preliminary report 
was submitted to the General Court of 1947 describing 
such studies as could be carried out during the remainder 
of the 1946 greenhead fly season. These studies comprised 
the life cycle and habits of the greenhead fly and outlined 
the proposed experimental control programs for the 1947 
season. This report was published as Senate Document 
No. 60 of 1947, and resulted in chapter 22 of the Resolves 
of 1947, which was approved by His Excellency the 
Governor on April 29, 1947, and which was as follows:

Resolved, That the joint board, composed of the department of 
public health and the state reclamation board, created by chapter 
fifty-eight of the resolves of nineteen hundred and forty-six, is hereby 
authorized to expend for the purposes authorized by said resolve, in 
addition to any sums heretofore appropriated, such sums as may be 
appropriated therefor. In connection with the investigation said 
joint board is hereby authorized to accept financial or other assistance 
from the federal government, private individuals, research institu
tions and other private institutions. Approved April 29, 191,7.

At the organization meeting of the Joint Board on July 
20, 1946, Dr. Vlado A. Getting, Commissioner of Public 
Health, was elected chairman; Daniel J. Curran, a mem
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ber of the State Reclamation Board, was elected vice 
chairman; and Edward Wright, chairman of the State 
Reclamation Board, was elected secretary. The services 
of Norman S. Bailey, B.S., M.A., Boston, Consulting 
Entomologist, were retained to investigate the life cycle 
and habits of the greenhead fly. The Joint Board engaged 
the services of Airborne Sprayers, Inc., of Arlington, and 
The Frost & Higgins Company, .Arlington, early in the 
summer of 1947, to conduct airplane and hydraulic spray
ing operations under the direction of Bertram I. Gerry, 
Ph.D., secretary and Entomologist of the State Reclama
tion Board, in selected sections to determine effective 
control methods which might be applied at a reasonable 
cost. The work of the engineers was under the direction 
of Arthur D. Weston, Director, Sanitary Engineering, 
and Chief Sanitary Engineer of the Department of Pub
lic Health, with the assistance of Edward Wright , Sanitary 
Engineer and chairman of the State Reclamation Board, 
and Joseph C. Knox, Senior Sanitary Engineer in the 
Department of Public Health.

Attached hereto and made a part of this report is a 
detailed report prepared by Arthur D. Weston, Director, 
Sanitary Engineering, and Chief Sanitary Engineer of 
the Department of Public Health, Mr. Joseph C. Knox, 
Senior Sanitary Engineer in the Department of Public 
Health, Dr. Bertram I. Gerry, secretary and Entomologist 
of the State Reclamation Board, and Norman S. Bailey, 
Consulting Entomologist.

As a result of inspections of the region referred to in 
the resolve, conferences with local citizens and summer 
residents, and as a result of the study set forth in the ap
pended report, the Joint Board is of the opinion that 
from the standpoint of comfort and convenience relief 
of the greenhead fly nuisance is desirable. There is no 
medical reason to assume that the greenhead fly directly 
affects the public health other than indirectly through 
the annoyance to persons in the region. It is obvious 
that the control of the greenhead fly nuisance would 
enhance the value of the area for the purposes of recrea
tion, farming and habitation.
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The investigation shows that the larvae of the green- 
head fly are so widely distributed over the extensive salt 
marsh area covering some 26.7 square miles as to make 
larvicidal control on the marshes impracticable. It has 
been demonstrated that the adult greenhead fly may be 
effectively controlled during the ordinary period of annoy
ance when a residual spray made up in the proportions of 
one quart of Xylene, one pound of D. D. T. (dichloro- 
diphenyl-trichloroethane), three quarts of No. 2 fuel oil 
and one per cent by weight of aluminum stearate as a 
sticker and spreader is applied to salt marsh areas adjoin
ing recreational and residential areas at the rate of two 
pounds of D. D. T. per acre of area to be treated. It was 
demonstrated that this treatment provided reasonable 
control when applied just before the annual peak of the 
greenhead fly activity, and that such treatment could be 
successfully carried on most economically by spraying 
from an airplane. The cost on the relatively small areas 
treated under present prices was $2.69 per acre. Treat
ment with a hydraulic sprayer for small areas was carried 
on at a cost of $4.50 per acre. The cost of handspraying 
obviously is considerably greater when placed on a per 
acre basis. It is obvious that if an extensive project is 
carried on by means of an airplane the over-all cost would 
be considerably less than the above figure of $2.69 per 
acre, though the cost of hydraulic power spraying as 
carried on at Kent’s Island would probably not be greatly 
reduced if a more extensive area than that covered in the 
experiments were thus treated.

Judging from the work carried on during this investi
gation the application of the D. D. T. solution had no 
detrimental effect upon birds, fish or any animal life 
other than fiddler crabs. It probably did have a bene
ficial effect on the control of insect life other than the 
greenhead fly. The Joint Board was authorized to enter 
upon any land in the municipalities mentioned in the 
resolve. Experience showed that no one objected to the 
carrying on of insecticidal treatment, but, on the con
trary, several persons familiar with the territory expressed 
the conviction that the methods of treating the various
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areas was successful, and that it was highly appreciated. 
It is obvious that the method of greenhead fly treatment 
carried out in this investigation is applicable to salt marsh 
areas along the south shore and on the cape.

The studies made in 1946 and continued in 1947 show 
conclusively that the greenhead fly breeds in salt marsh 
areas, and that the protected or sheltered portions of the 
salt marshes are favorite resting places. The studies show 
that unlike mosquitoes the greenheads are active only 
in the daylight hours, and that they are not active after 
sundown. The investigation shows that the flight range 
is only about one mile. It would be unnecessary and 
probably impracticable to treat the entire 17,000 acres 
of these salt marshes, but it would be comparatively in
expensive to treat the salt marsh areas adjacent to or 
within about one mile of recreational centers and resi
dential areas. The extent of such known breeding and 
resting areas requiring treatment in the municipalities 
mentioned in the resolve is roughly 2,400 acres. These 
known breeding and naturally sheltered resting areas 
could be sprayed from the air at a cost of not over $2.50 
per acre, or a total cost of $6,000.

The work could be assessed on the municipalities in
volved in proportion to their respective valuations or at a 
rate of not over 8.6 cents per thousand dollars of valua
tion. This method of financing has been used in mosquito 
control wrork by the Cape Cod Mosquito Control Project 
and the Berkshire County Mosquito Control Project, both 
under the general administrative control of the State Rec
lamation Board. The annual charges on mosquito con
trol work in the Cape Cod and Berkshire County projects 
is 35 cents on each thousand dollars of assessed valuation. 
This method of financing would be somewhat unfair to 
the larger municipalities, such as Gloucester and New- 
buryport, and the Joint Board is of the opinion that a 
fairer method of assessing this cost would be two thirds 
on the proportion of the total swamp areas and one third 
on the assessed valuation of the municipalities involved. 
This would divide the cost in the seven municipalities as 
follows:



E ssex..................................................................................$562 80
G l o u c e s t e r ........................................................  1,398 19
I p s w i c h ................................................................. 1,198 94
N e w b u ry .................................................................  1,100 64
N ew b u ryp ort....................................................................415 39
R o w l e y ................................................................. 597 41
S a lisb u ry .................................................................  726 63
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T o t a l .................................................................$6,000 00

If the method of financing the cost for greenhead fly 
control, two thirds on swamp areas and one third on 
valuation, is acceptable, the funds should preferably be 
sent to the State Treasurer through the State Reclama
tion Board, as in the case of the mosquito control projects. 
If this method of financing the work is not acceptable, a 
group or groups of two or more municipalities could 
undertake the work locally.

Attached is a draft of an act to provide for greenhead 
fly control projects in the municipalities named in the 
resolve and other parts of the State containing extensive 
salt marsh areas.

Respectfully submitted,

THE JOINT BOARD.

Vlado A. Getting, M.D.,
Chairman of the Joint Board and 

Commissioner of Public Health.

Gordon Hutchins,
Francis H. Rally,
Richard M. Smith,
W illiam H. Griffin, 
Charles F. W ilinsky, 
Raymond L. M utter,

Public Health Council.

Edward W right,
Chairman,

Richard K. Hale,
Daniel J. Curran,

State Reclamation Board.
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FINANCIAL STATEMENT.

G reen h ead  F ly  N uisan ce  In v e s tig a t io n .

Chapter 58 of the Resolves of 1946; Chapter 22 of the Resolves of 1947. 
(Account 2001-23.)

Appropriations under chapter 58 
Appropriations under chapter 22 
Contributions . . . .

13,000 00 
2,500 00 
1,800 00

--------------  $7,300j)0

Expenditures:
Consulting entomological service .
Labor .........................................................
Spraying s e r v i c e s .................................
Spray materials and laboratory supplies
T ra v e l.........................................................
Maps, blueprints, etc.................................

$1,800 00 
306 00 
933 00 

1,034 87 
594 10 

10 00
--------- —  4,677 97

Balance .$2,622 03
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PROPOSED LEGISLATION.

Cftc CommontoealtD of ^assacljusetts

In the Year One Thousand Nine Hundred and Forty-Eight.

An Act relative to the establishment of greenhead

FLY CONTROL PROJECTS.

Be it enacted by the Senate and House of Representatives 
in General Court assembled, and by the authority of the 
same, as follows:

1 Section 1. Chapter 252 of the General Laws is
2 hereby amended by adding at the end the following
3 new section under the caption: -

4 GREEN H EAD  FLY CONTROL PROJECTS.

5 Section 2/+. Any city or town along the seacoast
6 of the commonwealth may, in a city by vote of the city
7 council and in a town by vote of the selectmen, estab-
8 lish a greenhead fly control project within its area,
9 and any two or more adjoining such cities or towns

10 may so form a district for the establishment of such a
11 project within their combined areas; as a part of the
12 establishment of such a project, the city, town or dis-
13 trict shall determine the maximum annual amount to
14 be expended in furtherance of it. Such city, town or
15 district shall forthwith notify the state reclamation
16 board of such action.
17 The board shall, upon notification to it of the forma-
18 tion of such a district, determine the proportionate
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19 share of the annual cost of such project, as limited by
20 the vote establishing the same, which must be borne
21 by each of the constituent municipalities, apportioned
22 as hereinafter set forth, and shall forthwith notify the
23 treasurer of each member city or town of such deter-
24 mination. Two thirds of such cost shall ultimately
25 be borne by the several municipalities within a district
26 in proportion to the entire salt marsh area contained
27 within their respective boundaries, and the remaining
28 one third of such cost shall be ultimately borne by
29 them in proportion to their respective taxable valua-
30 tions as last established by the general court as a
31 basis of apportionment for state and county taxes,
32 and a city or town establishing such a project within
33 its area shall ultimately bear the entire cost thereof.
34 Each of the municipalities comprising such a district
35 shall pay its share of such cost, as so determined, and
36 each city or town establishing such a project shall pay
37 its entire cost, into the state treasury. Any city, town
38 or district may in any year anticipate its liability for
39 such cost, and may raise, appropriate and deposit the
40 amount thereof with the state treasurer, and any sums
41 so deposited shall be credited against its said liability.
42 Subject to appropriation, there shall annually be
43 expended from the state treasury, under the direction
44 and control of said board, and, where necessary or
45 advisable, in advance of the payment by any city or
46 town of the amount of its liability under the foregoing
47 paragraph, sums not in excess of the maxima respec-
48 tively established for said projects, for the elimination
49 or control of the greenhead fly nuisance within the
50 area of each, in accordance with such plans and by
51 means of such methods of control as may be prepared
52 and devised by said board to effect the greatest pos-
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53 sible measure of relief. There may also be so dis-
54 bursed for the furtherance of such a project any other
55 sums voluntarily so deposited for such purpose.

1 Section 2. This act shall take effect upon its
2 passage.
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ENGINEERS’ AND ENTOMOLOGISTS’ REPORT.

To the Joint Board on the Greenhead Fly Nuisance.

Gentlemen : — In response to your request, an en
gineering and entomological investigation, as called for 
under the provisions of chapter 58 of the Resolves of 1946 
and chapter 22 of the Resolves of 1947, has been made 
jointly by the Division of Sanitary Engineering of the 
Department of Public Health and the State Reclamation 
Board relative to the greenhead fly nuisance in the tidal 
areas in northern Essex County.

D escription of Areas.
The tidal areas included in this investigation in the 

towns of Essex, Ipswich, Newbury, Rowley and Salisbury, 
and the cities of Gloucester and Newburyport, in the 
twenty-mile coastal frontage between the Annisquam 
River in Gloucester and the New Hampshire line, contain 
extensive salt marshes which are the natural breeding 
place and habitat of the greenhead fly. These marshes 
are located at the rear of the sandy coast line and along 
the Annisquam, Essex, Ipswich, Rowley, Parker, Plum 
Island and Merrimack rivers which drain this area. Along 
the tidal portions of these rivers, the marshes extend 
inland in some instances a distance of nearly five miles. 
The elevation of the salt marshes varies from 1 foot to 
4 feet above mean high water, and are flooded at times of 
high-course tides. The total area of salt marsh in these 
tidal areas is 26.7 square miles, or about 17,000 acres.
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The following table shows the salt marsh area in each 
municipality:

M u n i c i p a l i t y .

N et Land 
Area 

(Square 
M iles).

S a l t  M a r s h  A r e a . Per Cent 
of

N et Land 
Area.(Square I 

M iles).
1

(Acres).

Essex . 1 4 . 2 3 . 4 2 , 1 7 6 2 3 . 9

G loucester 2 6 . 2 1 . 7 1 ,0 8 8 6 . 5

Ipswich . 3 3 . 2 6 . 5 4 , 1 6 0 1 9 . 6

N ew bury 2 4 . 0 6 . 9 4 , 4 1 6 2 8 . 8

N ew bury port 8 . 3 0 . 3 192 3 . 6

R ow ley . 1 9 . 0 3 . 7 2 , 3 6 8 1 9 . 5

Salisbury 1 5 . 7 4 . 2 2 , 6 8 8 2 6 . 8

T ota l 1 4 0 . 6 2 6 . 7 1 7 , 0 8 8 ! 1 9 . 0

The per cent of the total salt marsh in the area under 
investigation included in each municipality is shown as 
follows:

S a l t  M a r s h  A r e a . Per Cent 
o f Total 

Salt Marsh 
Area.

M u n i c i p a l i t y .
(Square
M iles). (Acres).

Essex . 3 . 4

j
2 , 1 7 6 1 2 . 7

Gloucester 1 . 7 1 ,0 8 8 6 . 4

I p s w ic h ........................................ 6 . 5 4 , 1 6 0 2 4 . 4

N ew bury . . . . 6 . 9 4 , 4 1 6 2 5 . 8

N ew bury port 0 . 3 192 1 . 1

R o w l e y ........................................ 3 . 7 2 , 3 6 8 1 3 . 9

Salisbury . . . . 4 . 2 2 , 6 8 8 1 5 . 7

T ota l . . . . 2 6 . 7 1 7 , 0 8 8 1 0 0 . 0

T he Gkeenhead Fly Nuisance.
Infestations of the greenhead fly are an annual occur

rence during July and August in the territory bordering 
the extensive salt marshes between the Annisquam River 
in Gloucester and the New Hampshire line. The area 
contains extensively developed summer resorts, including 
several public beaches, and as the arrival of the greenhead 
flv coincides with that of the summer residents and visi-
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tors, a most serious nuisance develops. The annoyance 
of the greenhead fly is due principally to its ferocious 
habit of biting both man and animal and its invasion of 
buildings and automobiles. The greenhead fly is not 
known to transmit disease, but the annoyance and dis
comfort resulting therefrom have been a source of justifi
able irritation to citizens, who in addition to appealing 
to the General Court for assistance, have made voluntary 
financial contributions to this investigation. The eco
nomic loss to this area cannot be measured in dollars and 
cents, but the evidence indicates that the economic loss 
in this popular residential and recreational section of the 
commonwealth may run into hundreds of thousands of 
dollars annually.

The greenhead fly nuisance is not limited to the areas 
included in this investigation, but has been a source of 
complaint in areas bordering salt marshes along the South 
Shore and Cape Cod. The findings of this investigation 
relative to control of this nuisance can accordingly be 
made applicable to other affected sections.

A search of technical literature fails to show any ex
tensive control study of the greenhead fly by any branch 
of the federal government or of any state authority.

Life Histoky and Habits.
The study of the life history and habits of the greenhead 

fly (Tabanus nigrovittatus) disclosed that the breeding 
area of this species is restricted to the salt marshes. The 
salt marsh sod, which supports the larva? of this fly, con
sists largely of densely matted and partially decomposed 
rhizomes and roots of the two principal marsh grasses, — 
namely, Spartina patens (Ait.) Muhlenberg, or fox grass, 
and Spartina glabra Muhlenberg, var. Alternijlora 
(Loisel.), Merrill or thatch grass. In addition to the 
organic matter there is an important amount of silt which 
is regularly deposited by the tides. Analysis of this sod 
reveals that 76 per cent or more of its weight is water. 
Of the dry weight, about 30 to nearly 50 per cent is vola
tile organic matter and from 50 to 70 per cent consists of
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mineral matter. The salt content is also high, giving the 
sod a pH well on the alkaline side. These factors bear 
importantly on the distribution of the greenhead larvae. 
In one small area, where the moisture content of the sod 
was 77.8 per cent and the < hloride content 6.27 per cent, 
129 larvae were collected in 1946 and 38 in 1947, while in 
another small area, where the sod showed a water content 
of 76.2 per cent, and a chloride content of only 2.19 per 
cent, larvae were almost non-existent. In these two in
stances the most significant difference appears in the 
chloride content.

Although very little is known about the egg stage, it is 
probable, as the larval studies suggest, that the female 
greenheads lay their eggs generally on the surface of the 
marsh wherever conditions are favorable to larval develop
ment. Such a wide distribution of the eggs would favor 
a maximum survival, and possibly, in part, accounts for 
the abundance of this species. Two major advantages 
are gained, — first, the scattered egg masses are less 
vulnerable to a minute wasp that is a destructive para
site of the Tabanid eggs; and second, the larva? are ex
tremely cannibalistic, and therefore a wide dissemination 
of the eggs leaves the larval population widely distributed, 
thus affording the individual larva a better chance to 
survive. Only the larval stage persists throughout the 
winter and into the following season. Studies made dur
ing the late fall of 1946 showed a higher percentage of 
nearly matured larvae than might be expected if the green- 
head completed its life cycle in a single year. It is prob
able that larvae, developing from eggs laid early in the 
season, transform into adults the following season, while 
the larvae, developing from eggs laid late in the summer, 
require two seasons to complete their life cycle.

By spraying a solution of pyrethrum •— kerosene emul
sion on cleared, yard-square plots located in different 
parts of the marsh, it was determined that the larvae are 
especially numerous in the fox grass zone, where the sod 
is nearly saturated and where the vegetation provides a 
good cover.
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Regarding the adult stage, the females only are vicious 
and persistent in their attacks on man and on cattle and 
horses. Males are usually found only on the salt marsh, 
and are seen probing the moist ditch banks at low tide. 
They seem to obtain whatever food they require from the 
oozing sod. Females probably obtain some nourishment 
in the same way, but actively seek out man and other 
mammals for blood meals as well. Even the more active 
females seldom range far from the breeding places. The 
investigation shows that they rarely fly more than a mile 
inland from tidal marshes. Both sexes are extremely 
sensitive to weather conditions. They are most active 
when the air is still, hot and humid. When it is windy, 
cool or overcast, they seek the shelter of the marsh grass 
and rest there until the weather becomes favorable. They 
do not ordinarily fly at night unless disturbed in their 
resting places.

Areas Selected for Experimental Control.
1. Wingaersheek Beach at Gloucester.
2. Ipswich Beach at Ipswich.
3. Kent's Island at Newbury.
4. Conomo Point at Essex.
5. Pine Island at Newbury.

A survey of the salt marshes, extending from the Annis- 
quam River at Gloucester northwest to the New Hamp
shire state line at Salisbury, was made to select opera
tional areas which would afford the maximum control 
information in a single season.

Wingaersheek Beach seemed particularly adapted for 
one phase of the investigation because the beach and the 
breeding marsh to the south are flanked on the west by 
wooded knolls, and on the east by the Annisquam River 
and the highlands along its east bank. These upland 
stretches, extending along the east and west boundaries 
of the experimental zone, would serve in restricting green- 
head fly migration to the recreational center at the beach 
from a single direction, that is, from the salt marshes 
adjoining the beach on the south. It was proposed that



16 SENATE — No. 429. [Jan.

a barrier be treated immediately to the south of the beach 
in an effort to determine the effectiveness of such treat
ment in protecting the beach against migrating greenhead 
flies. In preparing the area, a focal point was established 
at the beach center, after which all marsh land lying 
within one half mile of the focal point was staked out for 
treatment.

The Ipswich Beach area at Castle Neck in Ipswich 
presented another variation in terrain which favored the 
purpose of the investigation. The beach proper is backed 
immediately by a strip of land approximately one half 
mile wide, and consists of a combination of sand dunes 
and low salt marsh land which supports scrub growth. 
This strip was assumed to constitute a natural barrier. 
A focal point was selected at the center of this beach, and 
all salt marsh land within one mile of this point was staked 
for treatment, excluding that falling within one half mile 
of the focal point. It should be noted here that the 
Ipswich Beach experimental zone constituted a combina
tion of natural barrier (first half mile) and a treated bar
rier (second half mile strip), giving a total barrier width 
of one mile. This combination would serve (1) in deter
mining the value of sand dunes, bog land and scrub land 
as natural barriers; (2) in ascertaining whether bog land 
or scrub growth are utilized as harborages by adult green- 
heads during periods of inactivity; and (3) in estimating 
the minimum barrier depth necessary for reasonable pro
tection against migrating greenheads.

Kent’s Island proper at Newbury is an island knoll of 
approximately eighty-two acres completely surrounded 
by wide expanses of breeding salt marsh. Unlike Wing- 
gaersheek Beach and Ipswich Beach, the direction of fly 
migration at Kent’s Island is unrestricted. Furthermore, 
this island is surrounded by back marsh land which re
ceives some protection from the cooling ocean breezes 
because of the wooded areas adjacent to the marsh. 
Observations made during the 1946 season indicated that 
the relatively higher temperatures and reduced wind 
velocity prevalent in this section should influence green- 
head fly activity.
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Conomo Point in Essex was chosen for testing the 
efficacy of manually operated spray equipment. The 
terrain characteristics noted at this location served in 
providing an abundance of small greenhead fly resting- 
places. Three very definite knolls partially enclose, and 
protect from the wind, an extensive stretch of inland 
marsh. It was proposed that only the favorite greenhead 
fly resting spots be treated. These were to include, (1) 
the sheltered salt marsh immediately in the lee or westerly 
side of each knoll, (2) the heavy vegetative growth along 
the ditches, and (3) the constantly moist areas which 
support thatch grass serving as favored resting places for 
the adults.

The Pine Island section, on the Newbury marshes, was 
reserved as a control area, since it presented terrain charac
teristics and conditions of exposure most nearly duplicat
ing those found at Wingaersheek and Ipswich beaches. 
All three of these locations possess wide expanses of fairly 
well drained salt marsh which are exposed to the normal 
on-shore and off-shore winds. In addition, each showed 
prolific breeding of greenhead hies during the preliminary 
observations made in the summer of 1946.

Principal Factors Influencing the Control Program.
During the initial phase of the investigation, it became 

evident that the greenhead hy larva were generally dis
tributed very widely over the salt marsh lands. Any 
control measures directed at the larval stage would require 
treatment of areas so extensive as to render the method 
impractical. In some of the salt marsh areas, prolonged 
hooding by tide water, if feasible, might be an effective 
method of destroying most of the larva. It would not be 
practical, except in very limited areas, to install dikes and 
hood gates for this purpose. This procedure would create 
conditions favorable for the production of large numbers 
of salt marsh mosquitoes. The opposite technique of 
diking off the marsh area would be very effective, since 
this would cause the surface sod to dry out for several 
inches. This approach would eliminate the breeding of 
salt marsh mosquitoes, and should eliminate also the
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breeding of the greenhead fly. An example of such a diked 
marsh area may be observed in the rear of Salisbury Beach, 
at Green Harbor in Marshfield and at Wellfleet on the 
Cape. However, such control would be costly and would 
result in serious fire hazards. An attack directed against 
the adult stage appeared to hold the most promise. The 
reasoning underlying this assumption was based on the 
fact that greenheads rest quietly on sheltered marsh 
vegetation over extended periods of time. This is the 
habit which makes the house fly so vulnerable to the new 
insecticide D. D. T. (dichloro-diphenyl-trichloroethane). 
It seemed probable that the technique used so successfully 
in the control of the house fly might serve equally well in 
the control of the greenhead fly.

In the beginning, some apprehension arose as to the 
advisability of using D. D. T. because of its extreme 
toxicity to top minnows, which are essential to successful 
control of mosquito breeding on the salt marshes. After 
examining the condition of the ditches, it was concluded 
that the grassy foliage, overhanging the ditches, would 
receive a high percentage of the application. Only a 
comparatively small portion would escape through the 
grassy canopy and be deposited in the ditches through 
which the fish pass. However, as a matter of precaution, 
the spraying period was scheduled to coincide with the 
flood tide in order to insure maximum dilution of the 
spray material which reached the water surfaces.

Because observations, made in past years, indicated 
that fly emergence coincides with the high-course tides 
occurring late in June or early in July, it seemed advisable 
to apply treatment just before this flood tide. Some con
sideration was given also to the fact that a D. D. T. 
residual applied to marsh vegetation, previous to flood 
tide, would make possible the insulation of the D. D. T. 
by the natural coating of salt deposited on the grass dur
ing submergence. It was concluded finally that the tim
ing of the spray application to precede fly emergence was 
of greater import than the natural inhibition of the insec
ticidal agent by salt deposits. In addition, there was the



1948.] SENATE — No. 429. 19

probable erosive effect of the flood tide upon the insecti
cide. To counteract such mechanical action, a sticker 
(aluminum stearate) was added to the insecticide used in 
the Wingaersheek Beach section, but was omitted in the 
spray used at Ipswich Beach.

The dosage was determined on the basis of D. D. T. 
tolerance experiments conducted by the U. S. Fish and 
Wildlife Service during 1945 and 1946. Information 
obtained from recent reports by this agency disclosed:
(1) that a dosage of two pounds of D. D. T. per acre on 
salt marsh proved fatal only to fiddler crabs; (2) that 
oysters and mussels were not injured by exposures up to 
five pounds per acre; and (3) that D. D. T. applied at 
the rate of five pounds per acre to birds’ nests showed no 
detrimental effects on the hatching of eggs, on the develop
ment of the young, nor caused any abandonment of the 
nests. On the basis of the evidence cited above, it seemed 
reasonable to conclude that a dosage of two pounds of 
D. D. T. per acre might be applied to salt marshes with
out detriment to birds or other beneficial forms of life.

Observations made in 1946 seemed to infer that the 
adults came to rest on the marsh after flight, and remained 
there throughout the night and during periods of un
favorable weather. It was concluded, therefore, that 
treated barriers on marsh lands adjacent to recreational 
centers would serve as a trap in three ways: (1) in destroy
ing flies which emerge from the sod of the treated area;
(2) in destroying flies which migrate into the area from 
outside; and (3) in eliminating flies which succeeded in 
traversing the barrier zone by day but return to the near
by marsh to rest throughout the night.

Preliminary Tests with D. D. T.
Before initiating the field control program, preliminary 

tests were carried out to establish the effectiveness of 
D. D. T. on greenhead flies at a dosage of two pounds per 
acre. The two types of cages utilized in conducting these 
tests were as follows: the first consisted of a wooden 
frame (8 inches by 8 inches by 14 inches) to which was
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added a solid bottom, the remaining'surfaces being covered 
with sixteen-mesh mosquito screen, and the top hinged to 
allow for access to the interior. The second consisted of a 
wooden frame (8 inches by 16 inches by 14 inches) with 
solid bottom and sides, only the top being screened and 
hinged.

The entire interior surface of the first cage was treated 
with a D. D. T.-Kerosene solution containing one per cent 
of aluminum stearate. The dosage used was the equiva
lent of two pounds of D. D. T. per acre. After the kero
sene solvent had evaporated, eleven greenhead flies were 
released in the cage. Observations were as follows: (1) 
all flies showed irritation within five minutes; (2) four of 
the eleven flies were down and lying helpless after an ex
posure of fifteen minutes; and (3) all eleven flies were 
down and helpless after an exposure of one hour.

Only the screened top of the second cage was treated 
with insecticide, the composition and strength of the 
spray being the same as that used in the first cage, that 
is at the rate of two pounds of D. D. T. per acre. After 
the kerosene solvent had evaporated, nine greenhead flies 
were released in the cage. It was observed that all nine 
flies were down and helpless at the end of three hours.

These tests provided evidence that the proposed dosage 
of two pounds of D. D. T. per acre was effective in con
trolling greenheads. Although constant exposure, such as 
occurred in the first cage, brought down all flies in the 
short period of one hour, intermittent exposure, occurring 
in the second cage, produced reasonably effective control. 
In these tests, no insecticidal value was attributed to the 
aluminum stearate sticker.

Field Spraying with D. D. T.
As indicated above, tw'o large areas, namely, Win- 

gaersheek Beach and Ipswich Beach, were selected for 
treatment by airplane at the dosage rate of two pounds 
of D. D. T. per acre. The control, or barrier zone, staked 
out in the rear of Wingaersheek Beach contained ap
proximately one hundred and forty acres of salt marsh
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land. At Ipswich Beach, the barrier zone, minus the 
inner natural barrier, contained approximately two hun
dred and eighty acres. In both areas, the spray rate was 
set at two gallons of spray per acre, containing two pounds 
of D. D. T., the only variation being that spray applied 
at Wingaersheek contained one per cent of aluminum 
stearate. In both instances, the spray was mixed and 
loaded at Plum Island Air Field, the formula; used for the 
two areas being as follows:

Wingaersheek Beach.
Xylene ( q u a r t ) ................................................................. j
D. D. T (p o u n d ) ........................................................................ 1
No. 2 fuel oil (q u a rts )................................................................3
Aluminum stearate (per cent by weight) . . . .  1

Ipswich Beach.
X v l e n e ( q u a r t ) ......................................................... I
D. D. T. (p o u n d )........................................................................ \
No. 2 fuel oil (q u a r ts )................................................................3

Spraying operations were scheduled for Wingaersheek 
Beach on the 15th of July, and for Ipswich Beach on the 
16th of July, 1947. This timing would place the treatment 
just before the peak of fly emergence, and just ahead of 
the high-course tide.

The original plan called for spraying at Wingaersheek 
between 5 a.m. and 8 a .m. on the 15th of July. This 
period was selected for two principal reasons: (1) the 
high-course tides, functioning through this period of 
operation, would provide dilution of the insecticide reach
ing the ditch water and thereby reduce any possible 
dangei to the top minnows so essential to salt marsh 
mosquito control; (2) the wind velocity, which is usually 
very low during this early morning period, would cause 
only the minimum of spray drifting. Unfortunately, on 
the morning of the 15th, a thin mist which existed at 
5 a.m. thickened into a rather dense fog as the sun rose, 
and by 6.30 a .m., when the airplane arrived over the area, 
spraying was impossible. Operations were then delayed 
until 8.30 a .m., at which time the fog had dissipated
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sufficiently to make spraying possible. Application of the 
insecticide then continued uninterrupted until shortly 
after 12 noon, when the spraying in the Wingaersheek 
area was completed.

On the 16th of July, early morning spraying was at
tempted again at Ipswich Beach. The fog conditions, 
experienced at Wingaersheek the previous morning, were 
again encountered, and operations were again delayed 
until 8 a.m. Spraying then continued from 8 a.m. until 
3 p.m., when the velocity of the wind increased to fifteen 
miles an hour, a fog bank appeared off the coast, and 
thunder heads appeared on the western horizon. These 
conditions rendered airplane spraying impractical, and 
operations were discontinued for the day. The following 
morning (17th of July) spraying wras resumed at 8 a.m. and 
continued until 11 a.m., when spray operations at Ipswich 
Beach were completed.

At both Wingaersheek and Ipswich beaches, two types 
of slides were used in an effort to establish some definite 
information relative to spray distribution. The first type, 
consisting of microscope slides treated with zinc stearate, 
did not produce the desired evidence. However, slides 
treated with magnesium oxide proved to be satisfactory, 
and demonstrated rather conclusively the value of alumi- 
stearate in increasing the coverage on the marsh vege
tation.

On Tuesday, the 15th of July, the same date on which 
airplane spraying was initiated, a 150-gallon hydraulic 
power spray unit, mounted on a one ton dual-wheeled 
truck, began treatment at Kent’s Island in Newbury. In 
this area D. D. T. (50 per cent wettable) was used at the 
rate of eighteen pounds to one hundred and fifty gallons 
of water. Although the truck remained on high land, a 
500-foot length of hose made it possible to establish an 
insecticidal barrier, 300 feet in width, entirely around the 
Island. The dosage, as applied to the 90 acre barrier, 
averaged 1.2 pounds of D. D. T. per acre. This operation 
continued through Saturday, the 19th of July, or a total 
period of five successive days. The comparatively narrow 
300-foot treated strip, surrounding Kent’s Island, repre
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sents an effort to determine minimum width requirements 
for barriers effective against the migration or essential to 
the elimination of greenhead flies. It was anticipated 
that comparison of data taken from the wide barriers at 
Wingaersheek and Ipswich beaches with that gathered 
from the narrow barrier at Kent’s Island, might furnish 
some inkling of the optimum barrier width necessary for 
reasonable control. Although the treatment at Kent’s 
Island began to show some effectiveness after the third 
day of spraying, collections were discontinued after the 
19th of July because of complications arising when a 
fogging unit (distributing D. D. T.), wras placed in oper
ation on the Island by the owner of the property.

Conomo Point in Essex was selected for control experi
ments with manually operated equipment because of the 
somewhat unusual characteristics of the terrain. This 
area comprised three inhabited knolls which enclose an 
extensive inland marsh. Observations made in 1946 
indicated that the greenhead fly tends to rest in areas 
located in the lee of highland or wooded areas, where 
shelter is provided from strong winds and temperatures 
exceed those of the more exposed sections of marsh land. 
Conomo Point possesses an abundance of such shelter 
areas, and for this reason seemed particularly adapted 
for selective spraying trials. This phase of the control 
program was started on the twenty-eighth day of July 
and continued for one week, or through the 2d of August. 
On the 28th of July, three men using two knapsack 
sprayers and one V/2  gallon open head sprayer began the 
treatment with a 5 per cent D. D. T. wrater emulsion. 
Work began on the inland marsh enclosed by the three 
upland knolls. All sheltered marsh close to the head lands 
was treated from the weedy marsh border out 30 feet. 
Throughout this marsh all wet spots, supporting the 
coarse marsh grass (often referred to as thatch grass) were 
treated and also the rank growth existing along the ditch 
banks. Following completion of spraying operations on 
the inland marsh, the men scouted the three knolls and 
treated all pockets and isolated marshy spots where green
head flies might rest at night or during weather un-
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favorable for flight. Although information gathered in 
1946 indicated that greenhead flies bred abundantly at 
Conomo Point, collection counts taken at the peak of fly 
emergence in 1947 did not show a high fly population in 
this area. Two days after spraying was completed at 
Conomo Point, flies were extremely abundant in the un
controlled areas such as Plum Island and Pine Island in 
Newbury. Fly activity at Conomo Point during this 
period was not pronounced.

E V A L U A T IO N  OF CONTROL E X P E R IM E N T S.

At the time the General Court authorized the green- 
head fly investigation by the enactment of chapter 58 of 
the Resolves of 1946, information on the life history and 
habits of the greenhead fly was fragmentary. This lack of 
vital information made a life history study necessary 
before a dependable control program could be formulated. 
During the first phase of the investigation, that is, study 
of the life history and habits of this pest in 1946, it became 
evident that an attack at the larval stage was impractical. 
The larva? were found to be rather thoroughly scattered 
over the marsh land, and any larviciding program would 
involve the treatment of thousands of acres of marsh. 
On the other hand, it was noted that although the adults 
were strong fliers and frequently migrated from the marsh 
during the day, these pests returned to rest on the marsh 
grass over night and also during periods of unfavorable 
weather. This peculiar habit pointed to barrier control as 
probably the most economical and effective treatment, 
provided that D. D. T. in residual strength was utilized. 
The involvement of D. D. T. residuals in the control 
problem added complications to the general picture be
cause D. D. T. residuals are still not thoroughly under
stood. Consequently, the proposed experiments offered 
an opportunity for pioneer work on D. D. T. residuals, 
particularly in so far as control of Tabanids or horse flies 
is concerned.

Insecticide applications were delayed until the peak of 
fly emergence, in order to simplify the analysis of collection
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counts which would indicate the reduction in fly popula
tion. It was anticipated that control treatment, applied 
at the peak of mergence, would afford an opportunity to 
evaluate the results, even though only partial control was 
attained. At Wingaersheek and Ipswich beaches, the 
immediate control results far exceeded all expectations, 
as shown by collection counts taken just before and just 
after treatment of these areas. The reduction in green- 
head fly population is shown in the following diagram:

Car counts (the number of adult flies taken in five 
minutes from a parked car with front windows open) 
ranged between twenty and thirty before treatment. For 
a few days after treatment, the car counts ranged from 
zero to two. Furthermore, the effectiveness of the treat
ment was substantiated by finding dead flies in the drift 
thrown up along the shore by the high-course tides.

Because greenhead flies emerge from the marsh sod over 
a rather extended period, it seemed necessary to apply an 
insecticide possessing a lasting or residual quality often 
referred to as residual effect. Although the residual 
quality of D. D. T. may be modified by a number of very 
common factors, the residual testing procedure was simpli
fied, and the only factor given special consideration in the 
treated foliage tests w'as the effect of aluminum stearate, 
which was used in the Wingaersheek Beach area and 
omitted at Ipswich Beach.

Upon completion of airplane spraying operation the 
17th of July, a sample of grass, sprayed at least one day 
previous, was collected from the Ipswich Beach area, and 
a similar sample collected from the Wingaersheek Beach 
section. As a control, grass was collected from the 
untreated Pine Island marshes. Each of these grass 
samples was placed in separate cages, and on the 17th of 
July greenhead flies were liberated in each of the three 
cages. At the end of four hours, several of the flies ex
posed to treated grass from Wingaersheek, and several in 
contact with treated grass from Ipswich Beach, were down 
and apparently helpless, while all those in the control cage 
and in contact with untreated grass were still active. In 
twelve hours all flies exposed to treated grass were down



and helpless, while in the control cage, half the flies were 
still quite active.

In the second set of cage trials started the following day, 
one half the flies exposed to treated grass from Wingaer- 
sheek and one fifth of the flies exposed to treated grass 
from Ipswich Beach were down in three hours, while all 
flies in the control cage remained active. At the end of 
twenty hours, one third of the flies in the control cage 
were down, and after thirty hours of confinement, all 
flies in the control cage had succumbed to what appeared 
to be the lack of natural environment.

In the third group of cage tests, carried on with grasses 
obtained twelve days after completion of spraying oper
ations, one fifth of the flies exposed to treated grass from 
Wingaersheek were down in seven hours, while for the 
same period of time all flies exposed to treated grass from 
Ipswich Beach, and all those in the control cage remained 
active. At the end of eighteen hours, all flies exposed to 
treated grass from Wingaersheek were down, while in 
both the cage containing treated grass from Ipswich 
Beach and the control cage the majority were alive.

It is probable that the aluminum stearate used as a 
sticker and spreader at Wingaersheek, increased the per
sistence of surface dosage and extended the residual effect 
by sealing the surface of the vegetation and preventing 
absorption of the active agent by the living plant tissues.

Trial I, made on day after the completion of spraying, 
seemed to indicate that the dosages at Wingaersheek and 
Ipswich beaches were equally effective. However, trial 
II, made two days after the completion of spraying, indi
cated that the spray used at Wingaersheek and containing 
one per cent of aluminum stearate, was more potent and 
brought down one half the flies in three hours, while the 
spray used at Ipswich Beach without aluminum stearate 
brought down only one fifth of the flies in the same period.

Trial III made twelve days after the completion of 
spraying showed that the treated grass from Wingaer
sheek, where aluminum stearate was used, was still active 
and brought down one fifth of the flies in seven hours. All 
flies exposed to treated grass from Ipswic-h Beach, and all
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those in the control cage, remained active throughout the 
seven-hour period. Evidence gathered from the above 
tests indicated that- the spray which did not contain 
aluminum stearate lost its effectiveness before the end of 
the twelve-day period.

Unfortunately, as demonstrated by the cage trials, 
greenhead flies, when confined, seldom survive more than 
two days, thus indicating the absence of factors essential 
to the normal span of life. In attempting to determine at 
least the more important of these limiting factors, cage 
trials were set up on the marsh and an effort was made to 
duplicate the natural environment. This transfer of the 
cages to the marsh prolonged the life of the caged flies 
only one additional day. It was concluded, therefore, 
that- humidity, which was at first assumed to be the 
critical factor, is only one of a series too complicated to 
warrant inclusion in the present study.

T reatment and Costs.
In the original organization of the control program, the 

140-acre barrier at Wingaersheek and the 280-acre barrier 
at Ipswich Beach were scheduled for treatment of two 
gallons of spray per acre, which is equivalent to two 
pounds of D. D. T. per acre. The Wingaersheek area 
received a total of 238 gallons of spray during four hours 
of flying time. In the Ipswich Beach area, 527 gallons of 
spray was applied over eight hours of flying time. Ap
proximately two hours of flying time was lost because of 
reduced visibility by early morning fog and a squall 
development which occurred suddenly on the afternoon 
of the 16th of July.

A. The technique used in mixing the spray consisted 
of the following:

1. A faucet was installed in a fifty gallon drum of 
xylene.

2. The drum was then placed horizontally on a cradle 
two feet high.

3. Twelve and one half gallons of xylene was drawn 
off, leaving thirty-seven and one half gallons, or one hun
dred and fifty quarts of xylene in the drum.



4. Next, one hundred and fifty pounds of D. D. T. 
(technical grade) were added to the xylene.

5. The contents of the drum was stirred until all 
D. D. T. had dissolved.

B. Method used in plane loading:
1. Twenty gallons of xylene-D. D. T. concentrate was 

drawn from the drum into four five-gallon oil cans.
2. The contents of the four oil cans was then transferred 

to the plane spray-tank by hand.
3. The delivery hose from a light oil truck was then 

drawn out over the field to the plane and forty-five 
gallons of No. 2 fuel oil was discharged directly into the 
spray-tank of the plane.

28 SENATE — No. 429. [Jan.

Expenditures involved in spraying H inga ■rsheek Beach Area-
Xylene (56 g a l l o n s ) ................................................. . $25 20
D. D. T. (224 pounds) 105 84
Aluminum stearate (25 pounds) . . . . 11 75
Oil and delivery service (168 gallons) 28 50
Airplane service (5 h o u rs )......................................... 175 00
Labor (36 man h o u r s ) ......................................... 27 00
Supervision at $1.50 per hour (8 man hours) . 12 00

$385 29

Note. — To the 140 acres was applied 238 gallons of 
spray at the rate of 1.60 pounds of D. D. T. per acre. 
The cost reached $2.75 per acre for a single application 
of residual D. D. T., which afforded protection over a 
known minimum of twelve days.

Expenditures involved in spraying Ipswich Beach Area.
Xylene (124 g a llo n s )........................................................................ $55 80
D. D. T. (490 p o u n d s ) .........................................................  234 36
Oil and delivery service (372 g a l l o n s ) ..........................................61 50
Airplane service (9 h ou rs )................................................................ 315 00
Labor (90 hours).........................................................................  67 50
Supervision at $1.50 per hour (24 man hours) . . 36 00

$770 16

Note. — To the 280 acres was applied 527 gallons of 
spray at the rate of 1.77 pounds of D. D. T. per acre. The 
cost amounted to $2.75 per acre for a single application
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of residual spray, which remained effective for less than 
twelve days due, in our opinion, to the absence of the 
aluminum stearate sticker.

Expenditures involved in spraying the Kent’s Island Area.
D. 1). T. (50 per cent wettable) (216 pounds) . $80 20
Hydraulic spray service (50 h o u r s ) ......................................... 325 00
Supervision at SI .50 per hour (8 hours) . . . .  12 00

$417 20

Note. — To the insecticidal barrier, 300 feet in width 
surrounding Kent’s Island proper, 216 pounds of D. D. T. 
(50 per cent wettable) was applied at the rate of 1.2 
pounds of D. D. T. per acre. The cost of a single appli
cation of residual spray amounted to $4.50 per acre.

Expenditures involved in spraying the Conomo Point Area.
D. D. T. emulsion (36 gallons).................................................$81 00
Labor (120 man h o u r s ) .........................................................  90 00
Supervision (9 h ou rs ).................................................................13 50

$184 50

Note. — To the selective breeding areas comprising ap
proximately twelve acres was applied 180 gallons of 5 
per cent spray at the rate of about 200 milligrams of 
D. D. T. per square foot of surface. The cost per acre 
does not apply here, since the technique called for spot 
treatment rather than continuous coverage.

Summary and Conclusions.
1. The greenhead fly constitutes such a serious nuisance 

problem in the extensive residential and recreational areas 
in the coastal communities investigated that remedial 
measures are warranted.

2. Breeding is restricted to the salt marshes. The fly 
seldom migrates more than one mile from the marshes, 
and it returns to the marshes at dusk or whenever weather 
conditions become unfavorable for its activities. There 
is no direct physiological relationship between the high- 
course tides and fly emergence. However, the high-course
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tides tend to flush the flies from the marshes, creating a 
nuisance peak at such times.

3. The greenhead larvæ are so widely distributed over 
the extensive salt marshes that larviciding as a control 
method would be impracticable.

4. Control operations directed at the fly stage produced 
excellent results when a D. D. T. residual spray was 
applied to favorite fly resting places. The addition of 
1 per cent by weight of aluminum stearate renders the 
spray more potent and prolongs the residual effect. A 
single application of D. D. T. spray containing aluminum 
stearate as a sticker and spreader, and applied at the rate 
of two pounds of D. D. T. per acre should afford eco
nomical seasonal control. The treatment of strips of salt 
marsh adjacent to residential and recreational centers 
provides a barrier to prevent the migration of flies from 
the marshes to such centers.

5. The operational costs of control measures cited in 
this report include expenses essential to experimental 
work. Similar projects organized on a commercial spray
ing basis may afford some reductions in the per acre cost 
of operation shown in this report.

Appended hereto is a map showing the salt marsh areas 
in the municipalities mentioned in the resolve, and the 
areas where experimental treatment was carried on.

Respectfully submitted,

ARTHUR D. WESTON,
Director, Sanitary Engineering and 

Chief Sanitary Engineer, Depart
ment of Public Health.

JOSEPH C. KNOX,
Senior Sanitary Engineer, 

Department of Public Health.

BERTRAM I. GERRY,
Secretary, Stale Reclamation Board.

NORMAN S. BAILEY,
Consulting Entomologist.
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