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Introduction

The Office of Mosquito Control Coordination (the Office), within the Division of
Fish and Wildlife of the New Jersey Department of Environmental Protection (NJDEP),
is the operational arm of the New Jersey State Mosquito Control Commission. The
Office administers several state-aid programs to county mosquito control organizations,
such as the State Airspray and State Bio-Control Programs. One of the most important
programs administered by the Office is the State Equipment-Use Program, which allows
counties to lease state-owned equipment to supplement their mosquito control activities.
One of the primary equipment needs within the state is for low-ground pressure
equipment to perform water management projects, activities regulated by the NJDEP
Land Use Regulation Program as well as the United States Army Corps of Engineers (in
coastal locations). Water management is the most effective means to control mosquito
populations by removing larval habitat — it is a source reduction technique that
substantially reduces the need to apply insecticides.

Historically, the most significant problems within the state have been in coastal
locations where salt marshes provide large areas of larval habitat for mosquito
production. Prior to the implementation of mosquito control measures many of the
state’s most important recreational and tourist destinations, such as Long Beach Island
and Atlantic City, were considered nearly uninhabitable due to the nuisance and potential
for disease transmission associated with the large mosquito populations in these areas. In
the 1960’s and 70’s (as a means of reducing mosquito problems as well as restore
severely disturbed salt marsh habitat) several organizations within the state — including
the NJDEP, Rutgers University, and county mosquito control organizations — developed
and refined techniques for Open Marsh Water Management (OMWM). OMWM is a land
management practice that restores salt marsh habitat that has been disturbed by human
intervention through practices such as parallel grid ditching and salt hay farming to a
more natural environ while increasing tidal exchange on the marsh. The practice results
in increased habitat for a variety of fauna and effective mosquito control by introducing
natural fish predators to feed on larvae. In many locations where OMWM has been
performed insecticide use has been rendered unnecessary.

Enclosed within this document is the “Standards for Open Marsh Water
Management”, five select articles from the Proceedings of the New Jersey Mosquito
Control Association, and a list of references. The purpose of this document is to provide
a complete description of what OMWM is, what it is not, and what the costs and benefits
of its use are. Additional articles on the subject are available from the "Proceedings™ of
the New Jersey Mosquito Control Association, Inc. Tables of content and how to obtain
copies may be found at www.njmosquito.org.



Standards for Open Marsh Water Management (OMWM)

County mosquito commissions, Rutgers University and the New Jersey Division
of Fish, Game and Shellfisheries have been perfecting one technique, Open Marsh Water
Management (OMWM) for the control of all genera of salt marsh mosquitoes on open
tidal marshes for over two decades. Perfection is achieved by continued improvement
and evaluation. In order to ensure the finest quality and identify this management
technique, certain standards are a necessity. These standards should be included in any
riparian or other permit. Improper adherence to these standards would be a violation of
the permit and infringement on the quality of the management technique. The following
standards shall be utilized and strictly adhered to in any OMWM project:

l. NEED. OMWM will be based entirely on need and utilized on breeding marshes
only.

>

OMWM will be confined to the Spartina patens or mixed S. patens, short
S. alterniflora or types of similar vegetation that are irregularly flooded by
rains, spring or storm tides. It will not be employed on marshes that are
regularly inundated or affected by daily tides such as tall saltmarsh
cordgrass (Spartina alterniflora), wildrice (Zizania aquatica), cattail
(Typha spp.), arrow arum (Peltandra virginica), threesquare (Scirpus
olneyi) and other types of similar vegetation.

B. All alterations must directly affect mosquito breeding depressions.

C. The direction and type of alteration used will depend on the distribution of
the mosquito breeding depressions and their proximity to natural ponds
and tidal ditches.

D. An experienced wildlife biologist, mosquito control worker, or both, shall

stake out all breeding depressions ahead of the equipment. Depression

marking shall be utilized to determine the least amount of alteration
needed to eliminate mosquito breeding.

E. All mosquito or other ditches encountered that are not contributing to
breeding mosquitoes will not be cleaned.

F. When possible, ponds previously altered by mosquito ditches will be
restored.

1. ALTERATIONS. Three types of alterations (tidal ditches, ponds and pond
radials) will be used.
A Tidal Ditches
1. All tidal ditches will be dug with suitable equipment, preferably
with a rotary ditcher.

2. When mosquito breeding depressions are located adjacent to a
tidal, mosquito or other ditch, a tidal ditch alteration will be
utilized.

3. When a tidal ditch is dug near a pond, the spoil should be
deposited on the pond side.
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Attempts should be made to dig tidal ditches to a depth of
approximately three feet. Meandering or straight ditches are
acceptable.

Main tidal ditches are used to provide tidal circulation through
large areas. They should be connected to a tidal source on both
ends where possible. Their location is determined by the
distribution of breeding depressions.

Lateral tidal ditches connect breeding depressions to mains, natural
tidal ditches or other laterals. Such laterals often dead-end in a
breeding depression.

All mosquito or other ditches that are breeding will be cleaned.
Spoil shall be used whenever possible to fill adjacent mosquito
breeding depressions or spread evenly over the marsh to encourage
growth of existing vegetation.

Pond Radials

1.

All mosquito breeding depressions located near a natural or other
permanent pond shall be connected to this pond by pond radials.
These radials will provide access for fish to devour mosquito in the
depressions.

All pond radials shall be constructed with suitable equipment,
preferably with a rotary ditcher.

To prevent drainage of a pond by muskrats or snow geese, all pond
radials shall terminate at a sufficient distance from a tidal ditch.

Where large numbers of mosquito breeding depressions are
concentrated in a limited area, a pond alteration will be utilized.
Pond construction is accomplished by the use of the rotary ditcher,
amphibious crane or other suitable equipment.

Ponds should be shallow, less than one foot in depth, to promote
the best waterfowl, wading and shore bird use.

To prevent mosquito breeding during droughts, a reservoir three
feet in depth shall be installed within the pond.

These reservoirs should provide proper pond access by humans.
When large numbers of radials are used, reservoirs are
unnecessary.

Reservoirs for fish can be ensured in natural ponds that dry out
during droughts by construction of three foot ditches with a rotary
ditcher or other suitable equipment. These reservoirs will connect
all the lowest areas within the pond.

Pond spoil should be squashed and leveled without causing
depressions. It should be reduced to the lowest possible level to
ensure reestablishment of existing vegetation. Spoil shall
approximate the level of the existing marsh.



8. Ponds may take the shape of the breeding area or may be squared
off to facilitate construction. The shape of a pond or ditch does not
appreciably affect wildlife use. Depth, food potential and
availability are the main factors that determine wildlife utilization.

OBJECTIVES

A. To adequately serve the three major objectives (control mosquitoes,
eliminate insecticides and enhance the tidal food web) all three alteration
types (tidal ditches, ponds and pond radials) shall be utilized on each
section of marsh whenever possible. Diversity provides a better marsh
environment, prevents marsh surface breeding by all genera of mosquitoes
and enhances both major branches of the tidal food web.

B. Insecticide use is gradually phased out as OMWM progresses to eliminate
breeding acreage. When the project is completed, all insecticide use
should terminate.

OTHER TECHNIQUES
Impoundments, stop ditches and other types of management techniques
are not OMWM.

EVALUATION

Mosquito larval dippings, vegetational plots, invertebrate sampling and
wildlife censuses are to be conducted on the area treated with OMWM and
compared with a control of similar composition.
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NEW JERSEY MOSQUITO CONTROL ASSOCIATION, INC.
THE ESTABLISHMENT OF UNIFIED
OPEN MARSH WATER MANAGEMENT
STANDARDS IN NEW JERSEY

Dr. Kenneth W. Bruder
Office of Mosquito Control Coordination
N.J. Department of Environmental Protection
Trenton, N.J. 08625

As most of you are aware, mosquito control agencies here in New Jersey, as in
other States, are required to obtain Army Corps of Engineer permits before commencing
any water management work on our salt marshes. A major problem that often confronted
the counties in the past, however, was the lengthy delays in the issuance of such permits
due to the review process of the federal agencies involved.

This problem may have been eliminated, or at least reduced, here in New Jersey.
For through the cooperative efforts of county, state and federal personnel over the past
few months, a set of Open Marsh Water Management Standards has been compiled
which is acceptable to all concerned agencies.

These standards have been so well accepted, in fact, that the Army Corps of
Engineer’s Permit Section has already indicated that they will be incorporated in all
future permits for marsh management work on New Jersey’s open tidal areas. The
acceptance, and inclusion of the Open Marsh Water Management Standards in all future
permits, will hopefully eliminate any concern the Corps has had in the past regarding
inappropriate mosquito control practices on open tidal marsh areas and should help in
expediting the issuance of permits to the counties.

It has taken over twenty years to develop the standards that are being discussed
today. Ferrigno et al, (1975) listed some nine general standards for Open Marsh Water
Management. Of special note is the fact that in the article the authors briefly mention the
U.S. Fish and Wildlife Service’s interest in having coastal states establish standards for
water management for mosquito control so that such standards could be used by the
federal government in screening permit applications. This was back in 1975. To my
knowledge, New Jersey is the first and only state thus far to adopt such a set of standards
dealing with mosquito control on open tidal marshes.

The need to adopt a set of standards covering Open Marsh Water Management
became apparent this fall. In November, | was informed by the superintendents of the
Cape May and Cumberland County Mosquito Commissions of the fact that the Corps was
withholding county permits for Open Marsh Water Management work due to problems
that it was having in determining what management techniques were being included
under the term Open Marsh Water Management, as it appeared on county application
forms.
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In response, | scheduled a meeting with representatives from the coastal counties
and the state to have them air their views on what should, or should not, be considered as
acceptable techniques under Open Marsh Water Management, and to establish a set of
standards which would be acceptable to all concerned. In attendance were Judy Hansen,
Superintendent of the Cape May County Mosquito Commission; Pat Slavin, Director of
the Cumberland County Mosquito Commission; Brian Gooley, the Supermintendent for
Burlington County; Fred Lesser and Tom Candeletti from Ocean County; Harry Tillett
and Dave Rizzley representing the Atlantic County Mosquito Control Agency; Mr. Fred
Ferrigno, Senior Biologist from the New Jersey Division of Fish, Game and
Shellfisheries; and Dr. Joseph Shisler, Marsh Management Specialist from the New
Jersey Agricultural Experiment Station. As a result of the meeting, a first draft of Open
Marsh Water Management Standards was drawn up.

A second meeting was then held on December 14, with the same individuals in
attendance, plus Jeff Steen and Frank Cianfrani from the Permit Section of the Army
Corps of Engineers in Philadelphia. The standards were further reviewed and additional
amendments made. At the meeting, Mr. Steen requested that the revised standards be
submitted to the Corps’ Office in Philadelphia as quickly as possible, for final approval.
This was done in early January. Since then, my office has received several letters from
representatives of the Corps of Engineers and the U.S. Fish and Wildlife Service
indicating their acceptance of the standards.

I strongly believe that the Open Marsh Water Management Standards, although
established primarily for work on New Jersey’s open tidal marshes, can be utilized and
adopted in other states as well.

At this time, | would like to briefly run through our Standards with you.

STANDARDS FOR OPEN MARSH WATER MANAGEMENT (OMWM)

County mosquito commissions, Rutgers University and the New Jersey Division
of Fish, Game and Shellfisheries have been perfecting one technique; Open Marsh Water
Management (OMWM) for the control of all genera of salt marsh mosquitoes on open
tidal marshes for over two decades. Perfection is achieved by continued improvement
and evaluation. In order to ensure the finest quality and identify this management
technique, certain standards are a necessity. These standards should be included in any
riparian or other permit. Improper adherence to these standards would be a violation of
the permit and infringement on the quality of the management technique. The following
standards shall be utilized and strictly adhered to in any OMWM project:

l. NEED. OMWM will be based entirely on need and utilized on breeding marshes
only.
A OMWM will be confined to the Spartina patens or mixed S. patens, short
S. alterniflora or types of similar vegetation that are irregularly flooded by
rains, spring or storm tides. It will not be employed on marshes that are
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regularly inundated or affected by daily tides such as tall saltmarsh
cordgrass (Spartina alterniflora), wildrice (Zizania aquatica), cattail
(Typha spp.), arrow arum (Peltandra virginica), threesquare (Scirpus
olneyi) and other types of similar vegetation.

B. All alterations must directly affect mosquito breeding depressions.

C. The direction and type of alteration used will depend on the distribution of
the mosquito breeding depressions and their proximity to natural ponds
and tidal ditches.

D. An experienced wildlife biologist, mosquito control worker, or both, shall
stake out all breeding depressions ahead of the equipment. Depression
marking shall be utilized to determine the least amount of alteration
needed to eliminate mosquito breeding.

E. All mosquito or other ditches encountered that are not contributing to
breeding mosquitoes will not be cleaned.

F. When possible, ponds previously altered by mosquito ditches will be
restored.

ALTERATIONS. Three types of alterations (tidal ditches, ponds and pond
radials) will be used.
A. Tidal Ditches
1. All tidal ditches will be dug with suitable equipment, preferably
with a rotary ditcher.

2. When mosquito breeding depressions are located adjacent to a
tidal, mosquito or other ditch, a tidal ditch alteration will be
utilized.

3. When a tidal ditch is dug near a pond, the spoil should be
deposited on the pond side.

4. Attempts should be made to dig tidal ditches to a depth of
approximately three feet. Meandering or straight ditches are
acceptable.

5. Main tidal ditches are used to provide tidal circulation through
large areas. They should be connected to a tidal source on both
ends where possible. Their location is determined by the
distribution of breeding depressions.

6. Lateral tidal ditches connect breeding depressions to mains, natural

tidal ditches or other laterals. Such laterals often dead-end in a

breeding depression.

All mosquito or other ditches that are breeding will be cleaned.

8. Spoil shall be used whenever possible to fill adjacent mosquito
breeding depressions or spread evenly over the marsh to encourage
growth of existing vegetation.

~

B. Pond Radials
1. All mosquito breeding depressions located near a natural or other
permanent pond shall be connected to this pond by pond radials.
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1. OBJECTIVES
A

These radials will provide access for fish to devour mosquito in the
depressions.

All pond radials shall be constructed with suitable equipment,
preferably with a rotary ditcher.

To prevent drainage of a pond by muskrats or snow geese, all pond
radials shall terminate at a sufficient distance from a tidal ditch.

Where large numbers of mosquito breeding depressions are
concentrated in a limited area, a pond alteration will be utilized.
Pond construction is accomplished by the use of the rotary ditcher,
amphibious crane or other suitable equipment.

Ponds should be shallow, less than one foot in depth, to promote
the best waterfowl, wading and shore bird use.

To prevent mosquito breeding during droughts, a reservoir three
feet in depth shall be installed within the pond.

These reservoirs should provide proper pond access by humans.
When large numbers of radials are used, reservoirs are
unnecessary.

Reservoirs for fish can be ensured in natural ponds that dry out
during droughts by construction of three foot ditches with a rotary
ditcher or other suitable equipment. These reservoirs will connect
all the lowest areas within the pond.

Pond spoil should be squashed and leveled without causing
depressions. It should be reduced to the lowest possible level to
ensure reestablishment of existing vegetation. Spoil shall
approximate the level of the existing marsh.

Ponds may take the shape of the breeding area or may be squared
off to facilitate construction. The shape of a pond or ditch does not
appreciably affect wildlife use. Depth, food potential and
availability are the main factors that determine wildlife utilization.

To adequately serve the three major objectives (control mosquitoes,
eliminate insecticides and enhance the tidal food web) all three alteration
types (tidal ditches, ponds and pond radials) shall be utilized on each
section of marsh whenever possible. Diversity provides a better marsh
environment, prevents marsh surface breeding by all genera of mosquitoes
and enhances both major branches of the tidal food web.

Insecticide use is gradually phased out as OMWM progresses to eliminate
breeding acreage. When the project is completed, all insecticide use
should terminate.

IV. OTHER TECHNIQUES

Impoundments, stop ditches and other types of management techniques
are not OMWM.
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\2 EVALUATION
Mosquito larval dippings, vegetational plots, invertebrate sampling and
wildlife censuses are to be conducted on the area treated with OMWM and
compared with a control of similar composition.

I would like to express my appreciation to the superintendents of the county
mosquito control commissions, and to Dr. Joseph Shisler and Mr. Fred Ferrigno for their
cooperation and input in setting up the standards. | would also like to thank Jeff Steen
and Frank Cianfrani from the U.S. Army Corps of Engineers and Mr. Tom Huph from the
U.S. Fish and Wildlife Service for their interest and assistance in putting together an
acceptable set of standards for Open Marsh Water Management in New Jersey.

REFERENCE CITED:

Ferrigno, F., P.Slavin and D. M. Jobbins. 1975. Saltmarsh water management for
mosquito control. Proc. N.J. Mosg. Cont. Assoc. 62:30-38.
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104 PROCELINGS OF FIFry-FIFTH ANSUAL MEETING

OPEN MARSH WATER MANAGEMENT

FrEn FERRIGNO, Biclogist, New Jersev Division of Fish and Game, and
Danter M, JomeiNs, Head, Mosquito Investigations, Rutgers University

Over the past ten vears cooperative surveys and projecls between
the New lersey Agricultural Experiment Station, New Jersey Division of
Fish and Game, Cape May County Mosquite Commission, Cumberland
County Mosquito Commission, and the Salem County Mosquite Commis-
sion, have made considerable progress toward the goal of developing long-
ringe management plans to reduce the breeding of péstiferous salt marsh
mosquitoes while still conserving the fish and wildlife resources of valuable
coastal marshes.

Now that the bulk of the survey work has been completed, efforts are
being made to develop management techniques. To date, all ecological
data collected in the field clearly indicate that specific types of centrols
arg necessary for cach major type of wetland, Oftentimes these controls
must vary somewhat to suit the various interests encountered. In the three
southern counties of Cape May, Cumberland and Salem, the different cate-
gories of wetlands where specific management and studies are needed in-
clude: (1) open tidal mosquito breeding marshes, (2) diked salt hay mead-
ows, (3) mosquito impoundments, (4) waterfowl impoundments, (5)
muskrat impoundments, and (6) upland swamps.

Faper of the Journal Series, Mew  Jersev  Agricullursl  Experiment  Station,
Futgers University, New HBronswick, MNew Jerwoy.
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For the most part, ditching has failed in diked salt hay meadows and
the most effecive control here al present appears 1o be one application of
endrin granules or two applications of Baytex (Ferrigno and Jobbins,
194650, Investigations will continue on chemical control in this envirom-
ment, The Riggins Dieh Project, a cooperative endeavor between the
L. 8. Sail Conservation Service, New Jersey Agricultural Experiment Sta-
tion, New Tersey Division of Fish and Game, and the Cumberiand County
Muosquito Commission will be another attempt at water management on
diked salt hay meadows,

Water manpeement has been very effective against mosquitoes in
impoundments manazed for waterfow]. Studies with the U, 5, Fish and
Wildlife Service und the U, 8, Entomoloey Branch have developed water
level management technigues desioncd to eliminate mosquito breeding
and at the same time provide an abundance of waterfow! food plants
(Chapmun and Ferrigno, 19560 (Ferrigno, 1967 ).

Pumps, dikes and spillways in mosguito mpoundments in Cape
May County have been extremely costly and have not eliminated the
mosguite problem, The propozed impoundment at Fishing Creek to im-
prove fresh water reserves and outdoor recreation should be swudied and
thi effects of flooding on mosguito production known.

Little work has been accomplished in the muskrat impoundments in
Salem County and upland swamps, Various watcr management techniques
should be tried in both of these types of wetlands and the results evaluated
from the standpoint of mosguite control and witdlife management,

Open marsh water management is the primary concern of this paper
and it is designed to control mesquitocs en tidal breeding areas, Since
these marshes are part of a very valunble ccosvstem involving marshes.
cregks, and eswaries, i imperative that mosguitoes be controlled with-
out serious interruption of the transportation of materials and energy
throughout this entire system. This means that the tidal life line of or-
ganisms should be maintained free of dikes, obstructions, and chemicals
that destroy or disrupt the tremendous oetwork of food chain organisms
that eventually end in a very important recreational and food source of
man,

In order to accomplish this, quality ditching and water management
in-an open marsh environment 18 needed. All harmful effects of previous
ditching on tidal marshes was carefully studied and recommendations to
the two county commissions were made that would eliminate or reduce
these detrimental effects, Tt was hoped that through gquality, instead of
quantity, open marsh water management could be so designed that it would
promote a longer Jasting control of mosquitoes and still be beneficial to
the entire ecosystem,
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If the diagram of the major types of marshes (Figure 7-Ferrigno,
Jobbing, and Shinkle, 1967) is observed, mosquito breeding commences
in short salt marsh cordgrass (Sparting alterniflora) and reaches u peak
in tidal salt hay (Spartina parens), Two counties, Cape May and Cumber-
land, have very representative marshes of these two types, Cape May Coun-
ty has approximately 6,000 acres of tidal salt hay marsh and approxi-
mately 40,000 acres of short cordgrass marsh. To determine the effects of
open marsh water management on mosquitocs and other marsh OTEANISmS
in this short cordgrass type, a study area was selected on the state-pwned
tract, the Seaville Fish and Wildlife Munagement Area near Scaville,
New lersey, Development work here was accomplished by the Cape May
County Mosquito Commission.

The other study area was situated on the Egg lsland Fish and Wild-
life Management Arca, near Dividing Creek, Cumberland County, New
lersey. This county has over 30.000 acres of the tidal salt hay tvpe. The
same open marsh water management was used on Egp Island. but the
effects of this management on this type tidal salt hay may differ from
short cordgrass because the marsh is situated at a higher elevation. The
Egg Island Study Area is riddled by thousands of depressions created by
large populations of wintering snow geese. It represents some of the heavi-
est tidal salt marsh Aedes breeding ever encountered in South Jersey.
Situated over six miles from the upland, dangerous soft mud arcas, and so
many mosquito-breeding depressions provided unbearable working condi-
tions for a newly formed mosquito commission. The manner in which the
Cumberland County Mosquito Commission overcame muny  difficulties,
kept improving their equipment and accomplished every task given them,
is deserving of the highest praise.

The major objective of open marsh water management is to elimin-
ate all mosquito breeding from a given acreage of marsh for as long a peri-
od of time as possible without adversely affecting or. better yet, improving
these marshes for fish, wildlife, and whatever other interest might be
involved. In order to obtain complete mosquito control for longer periods
of time, every breeding and potential breeding depression has to be lo-
cated, Then each depression has to be connected to a tidal diteh to allow
tidal circulation. or a permanent body of water to insure access for killi-
fish, or buried under the sod. Potential breeding depressions may be de-
fined as the deeper depressions that are not subject to consistent drying
out and reflooding which is conducive to heavy mosquito breeding. They
will breed during droughts, neap tides. and as the marsh increases its
¢levation. The reason that short cordgrass marshes produce much fewer
mosquitoes than salt hay marshes is because the percentage of potential
breeding depressions in regard to actual breeders is much higher. In addi-



NeEw JERSEY MoOsoUITO EXTERMINATION ASSOCIATION 107

Figure cight pond illustrating numerous depressions (left)
and construction (right). Cape May County Mosquito Exter-
mination Commission.

tion, on tidal marshes less mosguitoes are produced during extended wet-
ter periods of rains and high tides because many breeders become potential
breeding depressions and do net condition properly, During extended
drought pericds most of the depressions dry out, condition, and the brood
that follows 18 wsually an e¢normous one,

Various marsh manzeement units were formed and backhoes, drag-
lines, amphibious cranes; trackmasters. and boats were used to asccom-
plish the job. Draglines were especially good for digging ponds and large
ditches, Amphibious crancs did a nice job on mains, and heavy tractors
with a blade were used to mash down and grade sod piles.

Many ponds were present on both areas. These salt marsh ponds are
extremely valuable to wildlife, Yer, there are many depressions along the
edges that are subject to alternate drying and reflooding and breed mos-
quitoes, While eliminating these breeding areas it must be kept in mind
that the best type of habitat for fish and wildlife is a diversified one.
Permanent water arcas should be saved and isclated from the rest of
the ditching system, Thereafter, both the tidal und pond enviromment can
be improved upon while eliminating nearby depressions. Onee pond areas
are isalated, mosguite breeding can be eliminated by the construction of a
pond, a deep peripheral channel, or radials. depending on the number and
loeation of depressions.

To illustrate how mosquite breeding depressions can be adequately
taken care of while still providing for wildlife, various examples of section
of treated marsh to illustrate various principles can be presented. A con-
siderable number of arcas at Scaville were similar 1o Figure 1. The main's
(F) dug in the carly 1930°¢ were now o series of holes no longer function-
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Fig. 1. — Elimination of mosquito breeding depressions by
ditching te allow tidal flow. Cross-hatched arveas indicate de-
pressions.

ing properly and these ditches had to be cleaned up and replaced with a
draglined ditch 3 feet wide and 3l feet deep: These maing were connected
to a band ditch of similar size to improve circulation. Depressions be-
tween mains were connected to the nearest ditch, Depending on their
pattern, straight laterals (A, B, and E) dendritic ditches (C), long ditches
that connnected two mains and radiated short Jaterals to adjacent holes
(D} were used to climinate mosquito breeding depressions,
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Fig. 2. — Elimination of multiple mosgquite breeding depres-
sions and improving wildlife habitat through ponding and ditch-
ing. Cross-hatched areas indicale depressions.

In some locations there were so many depressions that it was im-
passible to ditch them all. Figure 2 illustrates an example of how a mul-
tiple depression area was handled by the Cape May County Mosquito
Commission. The edges were staked out and the pattern resembled that
of a figure cight. A 35- to 40-foot peripheral channel was dug along
the edges, The pond itself adequately handled 207 depressions. An addi-
tional 86 were buried under the sod and 47 conpected to the pond by
radials. The rest, about 39 holes, were ditched to tides, Overall, the pond
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Main Ditch

Fig. 3. — Open marsh waler management employed on a
given section of mosquito hreeding marsh.

environment was improved for wildlife by increasing the surface arca
and it was isolated from the tidal environment. This example and other
multiple depression arcas were best taken care of by the construction of
ponds. The end results are elimination of mosquito breeding, improve-
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Multiple depression area (left) eliminated hy pond (right).
Cape May County Mosquito Extermination Commission.

mment of both the tidal and pond habitat, and additional sites for duck
hunting.

In another 40-acre arca; depressions were handled in this manner
{Figure 3). Those that were bunched in one corner were chminated by
a pond (7). The pond covered 67 depressions, 32 were buried under
the sod (F and H) and the rest taken out by laterals to tide water or
covered (A, B, C and I},

From the feld evaluation of the physical mechanisms involved in
open marsh water management, it appears that il development s to be
efficient, long Jasting, and beneficial to wildlife certain precautions should
be taken:

(1), Small ditches were practically useless and did not held up
well. Realizing this, the Cumberland County Mosquite Commission changed
all their bucket sizes to greater than 30 inches. It i to he remembered
that tidal circulation and not drainage is the controlling breeding factor
and circulation prolongs the longevity of a ditch. Therefore, the deeper
and wider the ditch the better. Ditches at least three feet deep (I-b}) are
needed to get some circulation on higher, tidal salt hay marshes like Egp
Isiand and at least two feet desp (I-b) on short cordgrass marshes like
Seaville (Figure 4). Deeper ditches are even more efficient and provide
better circulation and tidal inundation and last much longer.

{23, Mains should be connceted on both ends to tidal ditches or
band ditchies. Band ditches are recommended along roads, railroad beds,
and upland with the sod placed on the road or upland side at irregular inter-
vals, Band and main ditches should be as straight as possible (Figure 5).
Straight ditches (B) have the main current velocity going straight down
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THE M&N DITGH

Fig. 6. — Proper deep ditching lechnique vs. improper grad-
ing technigue.

the middle of the ditch. If there s & bend in the ditch (A), the main
velocity vector hits the sides and there is considerable erosion and de-
position that reduces the longevity of the ditch,

(3). Ewven laterals connecting holes that are straight last longer
than crooked ones. Laterals connected on both ends (C) function for
greater periods than dead-end ones (D). It is to be remembered that tidal
water carries silt in suspension. When the velocity of the current slows,
the silt drops out of suspension. Because of resistance the period of silt
deposition is much greater in dead-end ditches.

(4). One common mistake is to try to drain depressions by a
ditch with a gradual deerease in-elevation (Figure 6). Such graded ditches
will become re-vegetated. The depression itsell will apain be isolated
from the tidal flow and subjected to irregular flooding by rains and
storm tides. a condition conducivé to mosquito breeding. Ditches cut in
deep to the lowest part of the depressions provide the necessary tidal
fluctuation and control mosquitoes for a much longer period of time.

{5). The sod itsell is also important. Some commissions deposit
the spoil in piles, others alternate from one side of the ditch to the other
after 100 to 300 feet are deposited on one side. To provide the least inter-
ference of water moving over the surface of the marsh, breaks in the sod
are needed and it should be mashed down or graded. The most serious
mosquito breeding encountered as a result of improper sod piling was that
of a right-hand operator who always placed the sod on the right side of



114 Procrrmscs oF Frery-FIFmn Ansuar MEETING

Graded sod (left) contrasted to ungraded spoil (right). Sod
not properly disposed of is unsightly, leads to poor mosguito
control and wildlife management.

the ditch. This resulted in complete sections of marsh being diked off
from tidal flow causing the entire arca to breed mosquitoes.

(6), Piles of sod will form pockets. holding temporary water and
breeding mosquitoes. Grading sod s time consuming but it eliminates
the possibility of creating new breeding arcas. In addition, graded sod will
not fall back into the ditches, thus reducing maintenance and other ad-
ditional costs. Sod not properly disposed of leaves an unsightly appear-
ance, 1t is hardly noticed on a marsh where it has been properly knocked
down or graded, Proper sod handling, therefore, is important in prevent-
ing the introduction of undesirable plants. improves the appearance of
the miarsh, is pood mosquite control as well as wildlife management.

The effects of open miarsh waler management on mosquitoes and
other marsh organsms is being evaluated and will be reported in future
publications, Briefly, the resuits on Egg Island exhibit a thorough job
on treated marsh for over a 3-year period, On this study area, it has been
roughly estimated that between 40 to 60 million mosquitoes were pro-
duced per acre last year. This means that for every 1,000 ucres com-
pleted the production of 40 10 60 billion mesquitoes will be eliminated
annually for as long as the ditching is effective, Insccticide applications
were eliminated which reduced chemical costs and protected wildlife,

Waterfowl utilization immediately alter ditching is not oo favorable.
But as soon as algae and submergent aquatics volunteered in the ponds,
utilization increased, Fiddlers and snails appeared to be more abundant
where tidal inundation was restored, Birds that subsist on these organisms
were also in greater numbers,
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Owverall open marsh water management may be the answer loward
making real progress in controlling mosquitoes on open valuable tidal
marshes, while still considering other interests. The authors are thank-
ful for the splendid work and cooperation of the Cape May and Cumber-
land County Mosquite Commissions. Many thanks also to M. Schuler, L.
G, MacNamara, G. N. Alpaugh. P. D, McLain. B, B. Pepper and L.
Hagmann for their support and guidance,
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SALTMARSH WATER MANAGEMENT FOR
MOSQUITO CONTROL

Fred Ferrigoo', Patrick Shavin” and I M. Jobhins

Present saltmarsh manggement in New Jersey has progressed from
veurs of cooperative endeavors between mosquito control and conservation
agencies. Althoush the management has been perfected in New Jersey, the
overall direction is oriented by evological association of the major type of
coistal wetlands, This ccological approach s practical and sound and can
be applied to similar types along the Atlentic coast. All coastal states have
enclosed or tidal marshes. From Florda to Nova Seotiw, improved manage-
ment of these wetlands would benefit mosgquito contrel and wildlife manuge-
ment. Enclosed marshes or impoundments are managed either for
agriculture, wildlife or mosguito control. Water manipulution in privately
owned dgricultural impoundments are conducive to the praduction of salt
hav and other crops: Under these conditions the resulting heavy saltmursh
Aedes breeding i largely controlled by insecticides. Larvicides, such as
Abate" granules, are applicd during carly instiurs when large broods are
present

NI Bivaston of Foh, CGame and Shellftiheres
Cumberland County Mosguao Extermination Commisann
Deparment of Entomology & Economic Zoology, Kulpers Umversits
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The ultimute solution for enclosed marshos is for the state to purchuase
them from willing sellers and then subject them to proper witer level
management or festore them to tides. Research iy continuing on both of
these management technigues, witer level management and tidal restora.
tion, They requite specidl reporting, and, because of the time element,
management of the open nidal marsh will be the primary consideration of
this report. With the mvolvement of marine lisheries and other interests,
there is o demand for o technigue that mamtains the open character of the
tidal marsh,

Chpen Marsh Water Management (ON WAL

OMWM i 4 cooperative endeavor by miosquito control and conservas
tion agencies Lo perfect o quality water management technique for the
mosquite breeding areis of the open tidal marsh. By continually improving
un guality through trial and evaluation, the techmique 15 becoming extremely
elfective in controlling mosyuitoes and, a1 the same time, enhancing tdal
matsh resources, Most of the work has been accomplished by three county
masguito commussions, Ocean, Cape May and Cumberland. They work in
cooperation with the New Jersey Division of Fish, Game and Shellfisheries
und the Entomology Depariment a1 Rutgers. A comsiderable number of
these projects are funded by the State Mosquito Control Commission,
Evaluation was funded by federal aid to wildlife, P, R. Project W-31-R.

A Cumberland 'Countv management ¢rew under the direction of
Edwiurd Smith und Patrick Slavin deserves considerable credit for perfecting
the technigue (Figure 1) In 1966, this unit tackled one of their major
problem areas. 3.000-acre Egg Island area, six miles from the upland und
riddled with mosquite-breeding depressions created by snow geese. The first
year they almost terminated acuvities when their two backhoes were
repeatedly almost lost in the mud, Somehow they endured the hardshipsand
continued annually to improve on methods, equipment and effects. They
gradually progrossed to their present status of treating over 1000 dcres in g
single summer. This Ege Island project has been un outstanding marsh
management sccomplishment. It has controlled mosquitoss an aver 3,000
deres of saltmarsh. 1t has freed over 16,000 scres of marsh and a large
partion of Deluware Bay from insecticide contamination There were bene-
ficial vegetational changes, increases in food chain organisms and wildlife
lse.

OMWM s confined to that marsh area that is shghtly below 1o slightly
ahove spring tide hine In New Jersey, it s closely correlated with the sali-
meadow cordgrass (Spartina patens) and mised 5 parens-short saltmarsh
cordgrass (Sparting altermiflora) types. It 15 10 these major tvpe arias,
where irregular flooding from rains and storm and spring tides oecurs, that
OMWM s being tnied, evaluated and perfected. The recd ( Phragmiies
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Fig. 1 Edward Smith directs the management crew of the Cumberland
County Mosquito Extermination Commission at the Egg lsland Project.
1966-T4.

communic) ronze. well above the spring tide line. also breeds mosquitoes.
However, because of the dense vepetation, ¢quipment wsed m OMWM
would not be effective tn this zone. Major tvpes that are reguluriv flooded or
kept moist by daily tides such as tall sdlimarsh corderass (5. alternifiora),
threesquare (Scirpus eodnevi). wildrice (| Zizamia aguatica), cattail (Typha
sppad and arrow arum (Peltrandra virginica) will not produce mosquitoes,
urd management practices here should be avoided. Most of these types do
oceur a0 the pther Atlantic coastal states, Sometimes they dre repluced by
uther major Iy pes such as the rushes or cutprasses. Each state s aware of
mosquito productive and non-productive types and thewr relation to mean
high water and spring tide hines

Sad Dispasal
Proper sod disposal s essential 1o guality and is correfated with the
ditching machine, Even though some sod can eventually provide nesting
cover for certuim birds, overall improper sod disposal can erente breeding
arcos, ioansightly, brings in undesirable vepelation, interferes with wiler
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movement over the marsh and can adversely affect marsh organisms
Orginal attempts 1o squash. grade or disperse sod were ime-consuming and
expensive, Todav, most of the sod disposal problems associated with ditch-
ing have beea sulved by the new amphibaobs rotaey ditcher ( Figure 25 This
maosquito controller’s dreaum machine, donsisting ol marsh buggy and mud
shimger, has speed and mancuverability, requires Litle pperatimg and protects
the enviconment. 11 can do the work of several backhoes and amphibigus
crivaes wnd det better Woithen aosear, virtwally no visihle signs ol spanl exist
['he thin I,s_'.cr ol \1'lH|| on the side ol the diuch hecomes FL.'TL':.'L'|.I|I..‘I| |_'|:|||_kh
In time it is hoped that all commissmna pl.;,."lu:‘tt with saltmuarsh sl

hreeding will converl (o the cotary ditchey

Fig. 2 Most of the problems associated with improper sod disposal haw
been climinated by this new amphibious rotary ditcher,

Pond construction is presently accomphished by the amphibious crane
S0d should be praded without ereating new depressions. Praper handling of
the sod and pew equipment sull regure refinement. A muchine ke the
rotary dicher that could remove nswath of «ix feet or more &1 a depth of s1x
mches would be an enormous asset to the management unit. Ponds may thke
the shupe of the breeding area or may be squired off to facilitiate construg
ton by the equipment operator. Pond depths of six inches 1o one foo
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promote best waterfow] wsage. Deeper sections or edges should be instatled
tonsure survival of killifish during periods af deought,

Objectives

Thereare three major objectives for OMWM. Tt musa

I Control mosquitoes

2. Ehminate nsecticides

X Enhuanee the tadal Tood web

Mosgquite control in the first objective must be thorough enough and
invalve all genera in order to adequately serve the second objective of phis-
ing out nsectiaides, Enbancing the ndal food web (Figure 3), which serves
impartant Toed and other sources of man and wildhife, w essentil for
suppirt from other agencies. I this weh there are two magor branches, One
hranch goes to the permanent pond with all 1s assoviated lood chains. The
ather s the tdal brianch were abundance and avalabiluy of organsms
depends on the udal life line. To encourage support from afl important re-
source agencies concerned with tidal marshes, OMWM s desgned 1o
improve both the permanent pond and the tidal branches of the tidal food
weh.,

Techniques

There are three basic alterations wsed in OMWM: tidul ditehes, pionds
and pond ridials. Most of the time the alteration selected depends on the
distribution of breeding depressions and their proximity to tidal ditches or
nutural ponds, Sometimes, when water surface is lacking, ponds should be
encouraged. When numerous natural ponds are present;, pond radials and
ditches are preferred.

To Mustrate how OMWM actually works, a comparison 15 madeof the
two ltechmgues, gnd ditching and OMWM on the same piece of marsh
(Fipure 43 On the nght hall. gnd ditching wias previowsly emploved,
Engincering principles were utilized. The tidal ditches were cleaned, grids
were established and water hvdraulics and circulation were excellent. How-
cver, even with the use of these engineering principles, the three major
phjectives were not adequately served. The grids did a fine job of removing
surface wilter and during <ome floodings stranded Tirvae in depressions.
During periods of excessive fooding, most depressions ot connected by
erids had sufficient water for mosguitoes o complete their life eycles.
Because only o few depressions were directly connected, the percent control
wis low. Insecticides had to be used and they were easily carried to the tidal
ditches by the grid system. The tidal branch of the food web was improved.
Tall 5 afterniflora volunteered along the gnd ditch: edges. along with
fddiers, snals, mussels and other organisms. However, the permanent pond
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Fig. 4 A comparison of two management technigues, OMMWM and grid
ditching, on the same portion of marsh with a similar distribution of
mosguito-hreeding depressions.

branch was adversely alfected by drainage of the mutural pond. This resulted
in gomplaints Trom waterfow] hunters gnd dther interests coneerned with this
brunch of the idal food web.

In thesamz marsh wers subjected to OMWM (left half of Figure 47, all
three alterations would have been used The technigoe does not reguire any
engineering know-how, just an experienced marsh management unit, some
knowledpe of marsh ecology and a lot of common sense. Together a waldlife
biplogist and an entomologst would stake out depressions and would agree
to the [ollowing alterations. In one darea where there s a lingar distribution
of brecding depressions a main ditch would be dug, The main 1s connected
on both sides to ncrease longevity and circulation. Some depressions were
filled by the ratary ditcher; others were connested by short faterals: The rest
of the breeders near ndal ditches were subnected o tdal wundation by
luterals shaped according 1o their distribution. No altérations were wisted
in nen-hreeding ureas, as s the case with grid ditching. Pond Taterals were
wsed Lo hink depressions to the natural and provide access Lo killifish (Blgure
50, Where numerods depressions were present, o pond wis constructed,

Adjucent breeders were covered and the spoil graded
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Fig. 5 Pond radials are constructed to provide acess for Killifish in natural
ponds to surrounding mosquito-breeding deprissions.

Regardless of weather or flood conditions, OMW M adeguately serves
all three objectives, The combipation of radials and ditches removes surface
water adequately, All depressions are either filled or connected w a pond
or tidal dirch. Danly tdal inundation and permanent pond access eliminite
nearly [0 percent of the mosquito breeding, With mosquitoss controlbed,
insecticide: use 15 termmated and anneal savings of nsecticide costs are
eapected over a fortv-vear period. Both the udal (mans and laterals) and the
permanent pond (pond radials and ponds) branches of the tidal web are
enhuanced, resulling in support from concerned agences.,

Present Needs

Wath the mncreased inferest in protecting valuable marshes. 1t 15 essential
that mesquito control put its hest foot forward and obtmn support from the
respurce agencies myolved. In the merest of guality, the WS Fish and
Wildlife Service has reguested standards for water munagement [rom
various states that could be usied toimprove guality and sereen projeets
These standirds would also identifv o muonagement technigue ond its eflects
Then environmental impact statement, ripanun or other peemit uppliciations
could he submitted 1o obtain blanket coverage for the technigue vver it large
area, I approved, ume-consuming and costly procedures would nat hu
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necessary every uime the same techmigue is used. The standards submutted
for OMW M., based on vears of progress to the present quality, are

[. OMWM must be conflined to the 5. patens or mixed 8, parenv-short
S alterniflora or tvpes of similar elevation that are irregularly Nooded by
riny or spring or storm tides, [ should aever be emploved on types that do
not hreed mosquitoes or are regularly inundated or affected by daily tides
such as tall saltmarsh cordgrass, wildrice, caual, arcow srum or three-
syjuire

2 Al alterations directly affect mosquito breeding depressions, The
three basic alterations include ditches, ponds and pond radials

V.o The type of alteration used will depend on the distnbution of breed-
ing depressions; their proximity 1o natural ponds and nidal ditches and the
overall character of the marsh

4. Both an emomologst and o wildlife biologist are anvolved in the
planning and sStaking of alterations prior Lo construction.

5. The amphibious rotary ditcher 1s used for digging ditches and radils
and the amphibious crane for ponds. Impoundments and ditch plugs are
not used in this particular management technique. All tidal ditches and
pond riadials should be cut with the rotary ditcher 1wice to insure the praper
depth fortidal circulation or a reservair for kallifish.

fi, The rotary ditcher ehiminates sod disposal problems associated with
ditches. Spoil from ponds should be sraded to the lowest possible level
without creating depressions. Shallow ponds with deep edges cut with the
rotary diteher would reduce the amount of spoil considerably

7. All mosquite er other diches encosntered that zre not breeding
masquitoes will not be cleaned or alterad 1n any manner:

8. Proper evalustion s important. Mosquita Tarval dippings, vepeta-
tional mil-acre plots, nvertabrate squuore meter sampling and wildlife
censuses are recommended.

9. Insecticide use 1= gradually phased out s OMWM progeesses 1o
gliminate breeding acreage. When the project 15 completed, oll insecticide
useds termimated.




PROCEEDINGS OF SEVENTY SEVENTH ANNUAL MEETING Al

A COST COMPARISON BETWEEN OPEN MARSH WATER
MANAGEMENT AND CHEMICAL LARVICIDING,
UTILIZING MODERN MOSQUITO CONTROL
EQUIPMENT

RICHARD CANDELETTI AND THOMAS M. CANDELETTI
Cheean County Mosquite Extermination Commission
PO, Bax 327
Barnegal, W Q8005

INTRODUCTION

The Oeean County Mosguito Commission was established in 1815
aned has heen performing; what is now called integrared pest manage-
ment; since that time, Some of the earliest records on file indicate that
hand dirching setually began on the saltmarsh in 1907, some eight vears
before the Commission was officially established. Hand ditching con-
tinued for guite some time at a rate Nucroating around 20,01 per Lot
Farly attermpts at chemical control were gdmiralile, hur futile. Sinee
micst chemics] conteol was adjacent to the then existing roads. the large
and expansive salt marshes were virtually unspraved.

COSTS ASSOCIATED WITH LARVICIDING
IN OCEAN COUNTY

The eventual utilization of ixed winged aircraft for chemieal control
afforded the {irst pracuieal approach to chemical contral of the saltmarsh
mosquito, Ultimately, the helicopter became Ceesn County’s primary
vehicle for the apphication of larvicides on the saltmarsh, With its sbility
to carey both chemieal and inspector, as well a< land on the marsh, the
helicopter enabled immediate inspection and larviciding of mosguito
breeding areas, Formerly, limited inspections were either made from a
truck ar boat, and large blocks of marsh werg spraved, most of which
were hreading mosgquitees, but =ome of which were niot,

The original helicopters used were Bell 47(74A piston engined ma-
chines leased from a private contractor, The spray gear was owned and
maintained by Ocean County, Eventually the costs and reliahility of
leased helicopters were guestioned and turbine powered ships were con-
sidered for purchase due largely to their increased reliability and safety
records, Alter considering the cost of purchasing and maintaining the
ship and their sprayv gear as well as providing money for the additional
insurances and pilols’ salaries, owning proved more cost elfective than
the previous leasing pelicy, In the fall of 1988, bids were sent out for
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the purchase of two lactory reconditioned turbine powered helicopters
complete with larviciding gear.

In Mav of 1984, vwo Bell Jet Rangers with Simplex spray svstems
were delivered, Along with the increased satety factors of a turbine
ehgine, mamy other {ringe henefits were discovered, No longer were
helicopters leaving the loading areas at or near their maximum lifting
capacitied, Furthermore, we were able to carry even more pesticide,
matching and even exceeding the increased maximum flight time per
fuel load of the larger ships, Since less time was spent ferrving back and
torth for fuel and chemical, a lareer percentage of time was spent inspect -
ing and spraying, This in turn reduced the cost per acre for larviciding,

For the purpose of & current cost evaluation of agrial larviciding
versus Open Marsh Water Management at the Oeean County Mosquito
Commission, only the latest equipment and technigues have heen stud-
ted. The cost of these items or services are not merely representative,
but are actual costs derived from budpet expenditures over the past few
vears. The Jet Rangers and Simples spray gear were put into service
in 1924, and figures have heen analyzed over the past six vears to yield
a long-term sverage,

Certain larviciding costs are more or less fixed and only vary to &
small degree. Pilots” and inspectors” salaries inerease, but usually within
a predictable range, The same can be zaid for helicopter costs per hour
and repairs per sesson. Insurance s costly, but doesn't vary the cost per
acre significantiv, Administrative costs also increase vearly but are fairly
stable. Interestingly enough, the price per unit of fuel and pesticide rise
and {all each vear, as vendors adjust their prices to the varving market.

The factar which has the most effect onthe cost per acre for larvicid-
ing Is the amount of acreage treated per year: Helicopter inspections ol
larval breeding habitat are a continual process in Ocean Countv's salt
marsh mosguite control program . Inoa dey vear, a larger percentage of
time is spent inspecting instead of sprayving, However, the cost of operat.-
ing Lhe helicopters are still incurred. When the limited sprays of a drey
seasan are totaled @t the end of the vear, the cumulative acreage sprayed
iz small, The costs of running the inspection and treatment program thal
vear are spread over a small acreage, and the cost per acre can he
extremely high, Conversely, when many acres are spraved during a wel
vear, Lhe cost per acre to larvicide can drop severely,

In the six-vear period during which the Jet Hangers have been
onerated, the lightest spray vear was 1986, During that vear, only 55,898
acres were sprayed, costing an average of 3L0L37T per acre to larvieide.
The past summer of 1889 was the heaviest spray year to date and 75,4971
acres were sprayved ar an average cost ol 36.33 per acre. However, the
long-term average for larviciding over the siv-vear period iz 37.74 per
acre. In reviewing the cost of our spray program over Lhe past yvears, we
have managed to keep the vost per acre relatively constant. This fact
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has helped to further justify the decision to purchase rather than con-
tinue to lease helicopters,

COSTS ASSOCIATED WITH OPEN MARSH WATER
MANAGEMENT IN OCEAN COUNTY

Just as changes were made in our werial larviciding program, water
management has also evolved over the vears. Hand ditching became
ohsolete as various tvpes of heavy equipment and water m anagement
technigques were developed. For the longest time. bulldozers and
backhoes were used to make ditches, Eventually amphibious draglines
replaced them due largely to their increased speed of operation and
superior Meatation capabilities. Diraglines could also be used to constiiet
other large structures =uch as ponds, impoundment dikes, and stop-diteh
plugs, However, many of the procedures also required the use of &
hulldozer to level spoil, a process which increased the cost and duration
of the projects,

The late 1960's and 1970's saw the concurrent development and
refinement of Open Marsh Water Management and the Amphibious
Rotary Ditcher. Today, the rotary bucket machines are the hackhone
of water management in Ocean County. Presently, three rotarv bucket
machines are operated in the Open Marsh Water Management g,
The oldest machine is a 1977 Quality Industries Ratary Ditcher which
comsists of & pontoon mounted person carrier that is diesel powered and
hydraulically controlled, A rotary bucket is mounted on the end of 4
backhoe arm at the rear of the machine.

An identical pair of 1987 Quality Industries Amphibious Ratary
Excavators are also used for Open Marsh Water Mansgement and are
ehmsidered state-of-the-art machines for Ocean County. They vonsist of
Jdolin Deere 4900 exeavators mounted on amphibious pontoons. Rotary
buckets are attached to the end of the excavator arms and are powered
by independent 125 HP diesel engines. Although all rotary bhuckets ¢an
tig and disperse spoil, these machines can spread material further and
more evenly than their counterparts, The cab and arm rotate 3807 which
eliminates much of the turning required of the machine. This reduces
wear on the tracks and helps prevent premature track failure,

Some small bulldozers and excavators are oceasionally used for
water management in Ocean County, hut such projects are infrequent.
For the purpose of this cost comparison, only the three amphibious rotary
machines are being considered, Since these machines were delivered in
July of 1987, anly 210 vears have been used for the eomparison. As with
the helicopter analvsis, the actual cost of water management has been
derived from previous budget expenditures. The fgures are based on
actual cost for completed projects in Ucean County performing Open
Marsh Water Management.
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Oince again, some of the costs are more or less lixed. The operators/
marsh specialist’s salary increases vearly, but at a somewhat predictable
tate, Bguipment purchase cost, parts, and insurance fees also increase
at similar rates, Fuel and lubricant rates rise and lall as différent vendors
bid for contracts, Administrative costs increase vearly, usually in propor-
tion ta salaries. The change to more elaborate machinery over the vears
has mneressed the cost of water management per acre, Since we have
always owned and maimtgined our own water managenment eguipment,
as opposed to using a contractor, no large economical change to lower
cast was possible a5 was the case with our helicopter purchases.

In addition to the inerease of water management costs, other vari
ables were also noted. The newer-and more elaborate machines allowed
water management in areas formerty considered too difficult to manage.
Previoas getivities cenlered around the construction of tidal laterals or
pond radials to known breeding potholes, Management areas were
selected largely due to their mosquito breeding history, but to a smaller
extent, the site selection was inlluenced hy our ahilities to work in the
ared.

With the present amphibious rotary equipment, we can now wiork
in areas which lormer machines were unable to cross. Large ponds can
be constructed where laterals and radials were not sufficient, Much ot
the spoils trom the ponds are used to fill adjacent hreeding potholes while
the evenly distributed spoil material doesn’t require further grading.
However, the increased time spent in each acre means that fewer acres
can be managed each vear, Presentiv; each machine can manage approx-
imately 150 acres per vear if operated daily with little or no time lost
due to repairs or inclement weather, Whenever more time s required
per acre or time is logt for maintenance or weather, the cost ta manage
A7 ACTE POT VEAT Inereases.

These enst comparison figures are updated annually and used to
evaluate the cost effectiveness of water mansgement projecis. In the
past, the various projects have paid for themselves in 5 to 10 vears. A
present Ohpen Marslh Water Management project on 135 acres is being
funded by the MN.l. State Mosquito Control Commission, The area is
tvpically spraved 3 times a year at the long-term average cost of 3774
per acre; The cost of larviciding the project site last vear was therefore:

Sapplications/vear X 155 neresfapplication = T3 0acres/veur
anil
L2440 acresfvear x 37, W acre = 58, 587600 vear
Assuming an 80 compounded interest, the cost o larvicude sver 5 vears was;
SO A97 60 % 80, 87 = $56,337.91

“Cammpound amiomnt actors Tor unifurm series ot Tiged fnterest mbes versus Hime dsee Grant
anel Treson 18700
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or
Assuming an &% compounded interest, the cost to larvicide over 10 vears was:
g I X

B9.597.60 x S14.49% = 5189,0680,22

At a cost of 344423 per acre, waler management of 155 acres will
cost 368 85565 As can be seen from the 5. and [-vear cost predictions
of larviciding, water management will reach a break-even point near the
beginning of the seventh vear. By the end of the tenth vear, continued
larviciding costs would have exceaded water management cost by
S70.215.57, Many of the older Open Marsh Water Management projects
dre now more than 20 years old and funetioning well. Since these svstems
will he virtually permanent, the savings viewed over larger periods af
time become staggering, The cost difference after 10 yvears is approx-
imately STHOHLOO, at 20 vears it is 537000000, and at 25 years it is
SEA0,000,00

Tahle 1. Compounded interest over time

Years B 107 13% [5%: 27

5 0,87 .10 A £.74 7ok
L(} 1449 15.94 1755 2040 2596
La LR ] MY e A7.38 47.58 200
26 4a.7n SR TS Tikd44 8680
20 Tkl H 133495 A 471,98
a0 11528 131,49 247 33 453474 115188

CONCLUSIONS

Based on the cost effectiveness of Open Marsh Water Management,
the Deean County Mosguito Comnmission has a long-lerm commitnient
to the provram. Most of the involved regulatory agencies seem to favor
Open Marsh Warer Management at the moment, This sentiment is
largely derived from witer management studies generated at mosquito
control commissions around the state. Aerial larviciding will continue
as 4 shortterm control measure;, With nearly 29,000 acres of ssltmarsh
in the county, managed at & rate of 15 acres per machine each vear,
the need to discontinue larviciding will probably never oecur, Over the
vears, the mtegrated pest management approach, involving both
larviciding and water management, has alwayvs proven to be the best
raethod.
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THE HISTORY AND APPLICATION OF
OPEN MARSH WATER MANAGEMENT IN NEW JERSEY

RICHARD CANDELETTI
Orgean County Mosquito Extermination Commission
Bamegat, NJ 08003

Open marsh water management (OMWM) is the
physical alteration of a specific mosquito-producing
salt marsh accomplished at or below the marsh sur-
face in order 1o eliminate the emergence of all species
of mosquitoes without the use of chemicals, while
either stabilizing or enhaneing the tidal food chain.
This technique is a key part of an integrated pest
managenent {1PM) plan. Most coastal mosquito con-
trod organizations (MCOs) in New Jersey can effec-
tively use this as a methed 1o permanently eliminate
salt marsh mosquito production,

The description of this technigue might not be eas-

ily understooad at first glance. The physical alreration
af @ specific larval habitat means, generally, that low
ground pressure equipment is used to physically
change the known characteristics of @ stagnant piece
of arsh that has been identified, or has characteris-
tics known 1o be identified as mosquito habitat, Ar-
eas that do not produce mosguitoes are not candi-
dates for OMWM. It is important 1o nofe that
MW M has been developed with mesquite control
as the primary goal. While other benefits such as
improvemenis and enhancements 16 the salt marsh
systemns are important, OMWM should not be imple-
mented without the presence of mosquito larvae.
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Maodifications occur at or below the marsh surface.
Ponds and radials may be consmucted aswell as some
tidal ditches. Elevated structures that are significantiy
above the nomal marsh elevation, however, wonld
would impair tidal flow, ultmately causing a vegeta-
tion change. These structures are not consistent with
OMWM guidelines and should not be constructed.
Examples of these would be impoundment dikes and
stop-ditch plugs, Excavated spoil resulting from pond
and ditch comstruction may be usad inmarsh mitiga-
tion practices if available methods employed mini-
mize changes in marsh elevation, Maintenance of flora
type. such as Sparting parens and Spartina
alternifiora, and discouragement of the introduction
of woody vegetation ,such as fva frescens and
Bacharis halimifndia, is desired.

The main chijective of OMWM 15 to prevent the emer-
gence of all species of adult mosquitoes without the
use of chemicals, It is possible (when performing
mosquito surveillance) to find larval development in
such minimal amounts of water that the emergence to
the adult stage is unlikely to occur prior 1o the disap-
pearance (i.e. evaporaiion) of the water. When this
appears to be the case, OMWM would usually not
be required since 115 not the presence of mosquito
larvae or pupae that is problemartic but rather the
emergence of the adult mosquito that causes nui-
sance and disease powential,

Lomversely, itis impaortant when performing OMWM
to address the entire mosquite habitat so that cherni-
cal applications are no lenger required. An OMWM
project that requires comtinued chemical applications
is usually not considered 1o have been successful,
The performance of OMWM coupled with contin-
ved chemical applications should only be entertamed
under extenuatng circumstances, This often occurs
as a result of aless than an aptimal compromise with
alandowner, which ultimately produces lower popu-
lanions of adult mosquitoes but never gets rid of them
entirely.

As previously stared, the main objective of OMWM
is o control the emergence of mosquitoes, Forta-
nately, it is not sigmificantly maore difficult or costly
o maintain, stabilize or even enhance the environ-
ment while performing OMWM. For instance, de-
cades of salt hay farming in the past have removed
biorhass required for marshes to continue o grow.
These practices have introduced acres and acres of
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tive Tuts thal hold water and preévent salt marsh
grasses from growing. This persistent water results
i nureries broods of mosquitoes cach season. The
spoil material generated from the closed (non-tidal)
OMWM ponds is used to level the more remote pot-
holesand low areas, resulting in the regrowth of the
salt marsh grasses adjacent to the ponds. Prior to
management, the same marsh depressions that ng-
gered larval mosquito production would aiso trap
many species of killifish, The ensuing drying cycle
woutld then kill these fish by the millions. After the
application of OMWM, the stagnant water areas that
cause fish mortality no lenger exist as they have ei-
ther been incorporated into 2 pond or have been re-
generated into 4 viable marsh. The fish entering a
managed site will ensure survivability by Tetreating
to either a permanent pond or tidal water 25 the flood
water tecedes. Fish morality due to desiceation in
such a stagnant, unmanaged marsh goes from nearly
100% pre-management to 0% pusi-man:tgemm!.
These are a few of the possible positive benefits of
OMWM: more will be described m the descripiion of
pond construction,

The design, application, and success of OMWM
come from the knowledge of the mosquito life cycle.
I New Jersey, as inmany of the surrounding states,
the salt marsh mosquito, dedes soflicitaus, is by far
the predominant mosquito species on the salt marsh.
[tis not only a tremendous nuwisance, but 1t is 2 vec-
tor of a highly virulent strain of encephalinis: Unlike
maity other ferale mosquitees that can lay their egps
on the water surface, this species can only lay eggs
an the damp surface of a pothole: The permanent
ponds créated during OMWM replace these pot-
holes, and consequenily deny the mosquito of its
oviposition (egg laying) sites.

All mosquite species are vulnerable during the
aquatic phase of their life cycle as they progress
through four larval mstars and then pupate. During
this time peried, which can be as short as four or five
days, many things may occur which will interrupt
their life cycle and cause their demise. Primary among
these would be the introduction of appropriate pesti-
cides, the disappearance of the water, or the pres-
ence of predacious fish. It is the last two that form
the basis of OMWM. The elimination offan oviposi-
tian site can be as simple as connecting mosquito
producing depressions 1o a tidal source or by filling
such sites with marsh materials excavated as a result
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of the OMWM operations. 1n the tdal ditch sce-
nario, mosquito contral can occur nol only by expos-
ing previously stagnant water o tidal influence, but
also by introducing native predacious fish. However,
ndal ditching can de-water a marsh and 15 not gener-
ally considered the best way 1o perform OMWM,
Pond radials, which are ditches from existing ponds,
can accomplish the same result without draining the
marsh. Also, by creating ponds m the more densely
clustered pothole areds, permanent witer areas are
created and their construction serves many ecologi-
cally useful purposes. The first step 15 1o identify a
stagnant, drying and floading habitat that is known
10 be conducive 1o mosguito production and to trans-
form it mto a closed (non-tidat) pond, upon which
the salt marsh mosquito can no longer deposit eggs.
The pond also serves as habitat for predacious fish,
which will feed upon any mosquito larvae. The spoil
generated from the pond can be used to fill in adja-
cent potholes, thereby eliminating stagriant water and
encouraging regrowth of the managed marsh,

The developments thdt led to the technigue of
OMWM can be traced back to the [ate 18005 as people
began to more fully understand their environment.
After 1t was discovered that “wrigglers™ in the salt
marsh potholes were mosquito larvae, attempts were
made 1o eliminate the habitat. Basic tools such as
sod saws, shovels and spades were employed to draim
these potholes by connecting them with small ditches.
This method was extremely labor intensive, but work-
ers soon realized that the marsh plugs that were re-
moved 1o ¢reate the diteh could be utilized to fill in
other potholes, thereby reducing their work, By di-
rectly addressing the mosguito producing habitat,
the fundamenials of OMWM were bomn. It can be
argued that perhaps one of the migjor setbacks in the
management of salt marshes in the name of mosguito
gontrol vecurred during the Great Depression. One
theoty was that a tidal diteh located close enough to
a pothole would drain that pothole during low tide
becguse of the porous nature of the marsh substrate.
State and federal programs were then devised during
the depression years that employed large numbers
of individuals to create parallel ditches on the salt
marsh at roughly one lundred foot intervals,

These ditches were engineered to be perfectly
straight, only intereepting mosquito productive de-
pressions by accident and similarly draiming closed
inon-tidal) ponds, pans and semi-flooded marshes.

The whole process tended toneedlessly dry out the
marshes, miroduce unwianted vegelaton, and span
across many acres that did not produce mesquitoes,
Presently, most of the sall marshes in New Jersey
have been grid or parallel-ditched. The subsurface
draimage that was thought to ecour never achieved
lasting success, and the depressions bétween the
parallel tidal ditches continued 1o produce mosgui-
toes, This engincening technigue was generally
viewed as a failure, particularly in contrast to the
prior biological approdch, which directly addressed
specific mosquito habitat. It was not until the end of
these programs of engineered parallel ditches that
the local mosguito control agencies resumed the
former biological contrel method. Onee again, only
miosquilo habitats were addressed and nonproduc-
tive ones were left dlone. By this time, however, the
technelogy in the field of heavy equipment had ad-
vanced 1o a degree that allowed other options to
become avatlable.

Moasquito control experts began to evalugte the rea-
sons that certain marshes were nonpreductive for
mosguitoes. Most of the larger ponds were permz-
nently flooded, had deeper areas to ensure mosquito
fish survivability duning drooghts, and had aquatic
vegetation that provided nutrients to the pond as
well as cover for the fish. These ponds could then be
reproduced in mosquito productive areas that had
larger concentrations of closely spaced depressions,
The spotl material removed from this pond construc-
tHon could be used to fll adjacent depressions, and
pond radials could be used to connect more remote
depressions (o the ponds. Tidal laterals would then
not be as necessary unless located near a tidal source,
The use of g tidal diteh in this instance may be pre-
ferred since the use of a pond radial near & tidal source
could breach and drain a non-tidal pond.

For years, this technigue was discussed and em-
played in New Jersey by the various mosquito con-
trol agencies that had salt marsh mosquito problems.
Munagement schemes and equipment chotces were
refined until o very workable seenano came into prac-
tice. Most of this refinement occurred during the late
19605 and 1970s through the efforts of Mr, Fred
Ferigno (New Jersey Department of Environmental
Protection’s Division of Fish, Game and Shellfish-
eries), Mr. Daniel Jobbins (New Jersey Agricultural
Experiment State at Ruigers University), and many
mdividuals at the logal mosguito control agencies.



NEW JERSEY MOSOQUITO CONTROL ASSOCTATION 43

By the late 1970s, Mr. Ferngno had drafted a shon,
accurate and concise document entitled, "Standards
for Open Marsh Water Management.” Several meet-
ings were held by the invalved agencies which were
used to discuss and solidify this decument, These
are the same standards that were adopred just prior
to 1980 and have been followed in New Jersey singe
their development. A copy of these standards 15 in-
cluded with every permut application request as a
foundation for the management scheme. A more de-
tailed deseription as well as the standards themselves
can be found in the Proceadings of the Sixty-Sev-
enth Annual Meenng of the New Jersey Mosguito
Contral Association, ne { 1980),

Currently, OMWM is mast frequently accomplished
through the use of rather large amphibious rotary
excavators. Many of these have two diesel powered
engines, one to perform the usual excavator fune-
tions and a second to provide power divecily 1o the
rotary ditcher bucket. This ensures that ample power
15 comstantly provided to the ditcher bucket, enabling
1two create a wet slurry of spoil materials that is spread
thinly and evenly at great distances from the excava-
tion site. Some of the newest machines can distibute
the spoil material nearly one hundred feer from s
origin. This not only spreads the spoil thinner, but
alse allows mare remote depressions 1o be (illed with-
out additonal alterations.

Present day OMW M techniques and equipment can
address problem salt marshes that were formerly con-
sidered too difficult or wo costly 10 manage. Some
areas, such as former salt hay sites, have been so
devastated by human tmpact that only these ma-
chines can be used there. With a low ground pres-
sure of approximately 2 pounds per square inch, they
can traverse the marsh areas with less disruption than
aperson walking overit. Much of the marsh has only
minimal Teot mass to provide stable footing, but the
wide footprint of these pontooned machines allows
them to aperate without further destruction. Ponds
can be created in the most devastated areas, and the
spoils canreach the exreme edges to provide for the
resultant revegetation.

In actual practice, there are three technigues com-
maonly used to-accomplish OMWNM, The first is the
tidal ditch. This s used innstances where 4 depres-
sion 15 connected 1o a tidal source through the con-
struction of a ditch. Ditches are typically three feet
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deep. This technique is usually used when the pot-
hole is in close proximity to the 1idal source; how-
ever, it is often possible 10 fill this depression rather
than create 2 ditch. This can cause fewer disturbances
1o the marsh and be less management intensive, With
all of the marsh de-warering that parallel ditching has
caused, tdal ditching 15 currently used 1o a much
lesser degree and usuzlly when there 18 not another
preferable option.

Second, the use of the pond radial is often & prefer-
able solution to the management of 4 depression. In
this instance, a ditch from a permanent pond to the
depression will eliminate the stagnant water state of
the depression and allow predacious mosquito fish
1o migrate from the pond 1o the depression. The pond
radial and the depression both then become exten-
sions of the pond.

The third technigque used in OMWM is the consiruc-
ton of the permanent pond. Some of the more shal-
low ponids that exist on the marsh are non-permanent
and can often be identified by the lack of aquatic
vegetation within them. The lack of vegetation is due
1o the same drving and re-flooding that causes larval
mosquito production. By creating deep water habitat
within such ponds, the pérmanen! water promotes
the growth of aguatic vegetation, ensures killifish
survival and eliminates mosquite production.

Mew pond construction is often the required method
when many mosquito producing depressions are clus-
tered close together. In this technigque, the pond is
created within the area of the maximum mosguilo de-
pressions but situated m a manner that allows the
spoils 1o be distributed to the more remote depres-
sions, Smnply digging out a pond would generate
excessive amounts of spoil. The distmbution of this
spoil would then become a problem regarding
changes 1o the vegetation composition, For example,
the higher elevation that results would promaote the
growth of woody vegetation and block tidal water
flow, In erdeér to create ponds of appropriate size,
several methods have been developed to mimimize
the gmounts of spoil generated from constructon.
One such method is to leave sections of marsh within
the pond to form islands, Depressions on these is-
lands can be filled, but their overall elevation must
mateh that of the surrounding marsh. One or more
islands can be made depending upon the size of the
pond, By leaving these islands within the pond, spoil
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materials are reduced, Generally, the depth of the
water around the islands is three feet, thereby creat-
inga fishreservair o protect the fish during droughts.
Many areas in the pond may only be six 10 twelve
inches deep. These can often he creared around the
outer edge of the pand, much like a submerged and
sloped sidewalk just within the pond’s perimeter, This
also reduces the amount of spoil generated, while at
the same time mcorporates the depressions into the
pond and adds more water surface in the process.
The various water depihs promote wading bird feed-
ing and encourage the growth of aquatic vegetation.
Killifish thas enter the pond almaost immediately after
construction depend on the development of this veg-
etation,

When the project 15 complete, mosquito control is
accomplished without the use of pesticides. Tvpi-
cally, few new tidal ditches are created in favor of
more ponds and radials. This keeps maore watetr on
the marsh. Waterfow! are offered islands as nesting
or resting habitar and wading birds are provided shal-
low water in which 10 feed, The aquane vegetation
provides nutrients and cover for killifish, The elimi-
nation of stagnant water effectively reduces mos-
quito production o zero and eliminates killifish mor-
tality.

Pond construction, however, 15 usually the most ex-
reme technique. but serves as the most beneficial in
certain areas. Since much work i done and larger
amounts of materals are moved, the ime 1t takes for
these areas to respond in certain wiys is increased
over simple tidal or pond radial dirching. Mosquito
control is immediale and the presence of killifish soon
follows. The re-vegetation will begin at the first growih
spurt after construction, bur can take several vears
1o complete. Factors contribuning to this delay can
include the presence or absence of grass prior o
construction, the amount of spoil required 1o £l the
adjacent areas or depressions up to grade, and the
amount af sand present in the excavated matenal.
Sand can slow the vegetative process significantly
since 1t 15 low in organic content. Also; and less
visibie, is the 1ime required for pond maturation, A
newly constructed pond 15 very porous and may not
hold as high of a water level as it will when 1t matures,
particularly if'a sand substrate was encountered dur-
ing excavation. Over time, however, 1t will become
more identical 1o a natural pond as aquatic vegeta-
tion and other normally occurring marsh debris al-

lows the pond hottom to seal, A common mistake 15
o try 1o evaluate the OMWM sites prior 1o their
maturity, Even though the marsh grasses mav have
matured, this is does not necessarily mean the pond
has.

Another management tool that can be used in con-
junstion with GMWM s ditch plug construction,
Many rotary excavator buckets have the ability 1o
move various amounts of material while not spin-
ning. The ditch plugs can be used to plug ponds thar
were drained during prior ditching artempts, such as
parallel ditching, or toplug a ditch that would other-
wise drain a pond that 15 being consmucted. The re-
mainder of the ditch can then be incorporated into
the pond, [Fitwere not, itwould maost likely become
another mesquita production site,

There are several ways which one may judee the
success of an OMWM project, Adult mosquito popu-
tations, measurad by landing rates and light trap data
can be compared before and after management, How-
ever, adult mosquitoes from remote larval habitat make
this compartson less than useful. Some of the most
helpful forms of evaluation come from larval dip data
and asrial spray data both pre and post management.
Composite treatment maps. which illustrate sequen-
tial and repeated applications of insecticide o spe-
cifie sites, are often the most visual and impressive
indicators. An agency that prepares this kind of map
has many veuars of data showing annual pre-manage-
ment frequency of treatment. In many cases aerial
wreatments of larvicides exceed 1en per year. Post
management maps usually show an immediate drop
1o oo treatments per year in the completed sites,

Many non-targel studies have been accomplished
that document the failure of OMWM 1o impact the
flora and fauna of the salt marsh, Most ¢an be found
in the past copies of these proceedings, Some were
done in the earliest days of OMW M, most notably
by D, Joseph Shisler of the New Jersey State Agri-
cultural Experiment Station at Rutgers University,
where he studied pre and post data on vegetation,
fish and invertebrates, D, Kenneth Able, also of
Rutgers Umiversity, studied fish diversity in managed
versus natural sites. The common meadow vole popu-
lations pre and post management were studied for up
to: five years after management by Michael
Romanowski of the Ocean County Mosquita Comi-
mission. As previously noted, the most common ms
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tzke made when analyzing OMWM projects is that
the data is ofien collected before the systems have
had a chance to fully mature. The failure 1o study the
complete life history of a newly constructed salt marsh
pend, however, is oflen due 10 loss of adeguate re-
sources dedicated to the mission.

A presentation by this author was also published in
the NIMCA Proceedings evaluating the cost effee-
tiveness of OMWM. Although the cost of OMWM
is more expensive than larviciding in the first vear, by
the seventh or eighth year, the costs reach equilib-
rium, However, since many older OMWM projects
are now showing thirty years of longevity without
requiting larvicides, the cost savings becomes quite
subsiantal.

When reviewing the ojectives of OMWM, it appears
that the desired goals are being met. Not only s it
cost effective, but it has a long life span that controls
mosquitoes without the use of pesticides while sta-
bilizing or enhancing the tidal food chain. For most, it
affords a very viable option, particularly when con-

sidering the alternative of continued pesticide appli-
cations.
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