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SALT MARSH DIKING AND NUISANCE MQOSQUITO
PRODUCTION ON CAPE COD, MASSACHUSETTS

J. W.PORTNOY
Cape Cod National Seashore, South Wellfleet, MA 02662

ABSTRACT. Ecolegical surveys of mosquito breeding in diked and drained Cape Cod estuaries were
conducted in 1982 and 1983. Production of the locally predominant nuisance species, Aedes cantator, was

appzrenty enhanced in stagnant drainage ditches by

aGdification, caused by diking and drainage activities,

which mediated the oxidation and dissclution of naturally-occurring pyrite to suifate. High suifate depressed
pH and favored immatures of acid-tolerant mosquitoes by limiting fish and probably invertebrate predators.

Breeding of Ae. cantator was restricted almost exclusiv

out the summer following rain events of at least 2.5 ¢

ely to acidified drainage ditches and occurred through-
m. Adults of this species comprised 72% (1982) and 56%

(1983) of all nuisance mosquitoes caught in combination light/CO, traps set in or near the coastal flood plain
throughout the summer. Current water quality and related mosquito problems associated with salt marsh
diking and drainage strongly suggest that present water management methods are counterproductive for

mosquito control and wetland preservation.

INTRODUCTION

Historic marsh management practices have
often resulted in long term changes to wetland
hydrology and ecology affecting both the pro-
duction of nuisance insects and our ability to
control their populations (Angerilli and Beirne
1980, Fleetwood et al. 1978, LaSalic and Knight
1974, Lesser et al. 1976, Vorgeus et al. 1980).
Dikes and tide gates have been emploved since
at least the mid-nineteenth Century to restrict
tidal flow (from usually small estuaries) in an
attempt to enhance agricultural use of highly
organic flood plain soils. On Cape Cod, where
the agricultural value of marshlands actually
decreased after diking (Sterling 1976), dike
maintenance has often been justified to reduce
saline habiwats for Aedes sollicitans (Walker) in
wetlands that historically produced abundant
mosquitoes. However, the identity of these his-
toric pests is not recorded. Recent studies
(Portnoy 1983) suggest that the combined ef.
fects of diking and subsequent ditch drainage
may in fact increase the reproductive success of
certain Aedes mosquitoes, especially Ae. cantator
(Coq.).

This paper summarizes the results of mos-
quito surveys conducted in diked and drained

‘outer Cape Cod estuaries during 1982 and

1983, relating larvae abundance and resultant
adult nuisance levels 1o the quality of aquatic
habitat.

STUDY AREAS

Most ohservations were made in the Herring
River basin of Wellfleer (Fig. 1), an originally
445-ha salt marsh isolated by a dike from tidal
flow (ca. 3.1 m tidal range) since 1908. Follow-
ing the exclusion of seawater, salt marsh vege-

-~ tatiort had beerrrepiaced by freshwater wetland

species by the 1930's. With subsequent stream
channelization and ditch drainage (begun about
1910, intensified in the 1930's and continued to
the present for floodwater mosquito control),
most of the basin’s wetland habitat has been
effectively drained, evidenced by the wide-
spread invasion of upland shrubs and trees
(Portnoy and Soukup 1989). Except during
times of extremely heavy precipitation. surface
water is restricted to the Herring River main-

-stream, tributary creeks and drainage ditches.

Surface water quality varies seasonally with flow
and biological activity, but is tvpically low in
oxygen (20% saturation in ditches and 50% in
main tributaries) and. especiallv in low-flow
ditches, high in sulfate. Sulfate in solution, ie.
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Fig. 1. The diked Herring River floodplain showing
mosquito sampiing stations.
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suifuric acid, severely depresses pH to ca. 3.0 in
the poorly buffered water. Intensive drainage
in the diked flood plain has allowed the aera-
tion and oxidation of pyrites normally seques-
tered anaerobically in salt marsh sediments
{M. A. Soukup and ]. W. Pertnoy, unpublished
data) in a process that has been noted (Neely
1958, 1962; Edelman and Van Staveren 1958,
Gosling and Baker 1980), but little appreciated.
Ditches average 1-2 m wide, 1 m deep, and
because they receive interstitial seepage
through rather impermeable material, have a
slow channel flow velocity which reaches a
maximum of up to 5 cm.s™! in the central ditch
channel following heavy rains.

Occasional observations of mosquito larval
abundance, larval speges composition and water
quality were also made in Salt Meadow. Truro,
another diked estuary about 11 km north of the
Herring River. Salt Meadow, comprising about
150 ha of original salt marsh within its total
300-ha flood plain, was isolated from tdal flow
about 1860 and thereafter has had a drainage
history similar to that of the Herring River
basin—with similar effects on plant succession
and, from preliminary observations, water
quality. Again, surface water is largely re-
stricted to channelized streams and mosquito
control drainage ditches.

METHODS -

Semiweekly (1982) and weekly (1983) larval
survevs were conducted from April through
August at 10 stations throughout the Herring
River flood plain. Specific sampling locations
were chosen as typical of available larval habitat
(surface water with little or no flow) for each
physiographic sub-area of the coastal flood
plain after inital surveys in 1981 (Fig. 1). I also
sampled breeding habitat outside the flood
plain on a weekly basis in both 1982 and 1983.
Immatures were collected with a standard 1-
pint (500-ml) dipper using a protocol intended
to maximize dip counts by concentrating on
highest larval/pupal densites within 15 m of
each specific station. Water quality routinely in-
cluded pH and conductivity, measured elec-
trometrically at each station and date. Larval
surveys in Salt Meadow were conducted ir-
regularly in 1982 and weekly in 1983 using the
same procedures.

Light traps (BioQuip EVS)! baited with 100 g
dry ice were set one night (1800 hr to 0800 hr)
weeklv from early june through August to doc-
ument emergence and to sample relative densi-
ties and species composition of adult mos-

! BioQuip Products, Santa Monica, CA 90406.

quitoes at seven stations in the Herring River
flood plain and at three nearby upland resi-
dences. Landing counts, conducted by exposing
an observer's naked forearm for 10 min. at
dusk, accompanied light trapping at the three
residential sites which were located within 500
m of the flood plain. 1 did not sample adult
mosquitoes in the vicinity of Salt Meadow in
cither vear.

SURVEY RESULTS AND DISCUSSION

In both 1982 and 1983, Ae. cantator was the
predominant nuisance mosquito breeding in
the Herring River and Salt Meadow diked flood
plains. Figure 2 describes larval densities at
three representative Herring River stations
regularly sampled in 1982 and 1983.

As suggested by Weaver and Fashing (1981),
breeding appeared less affected by season than
by changes in wetland water levels. In 1982,
larvae were very abundant and widespread
following record precipitation in May and June
that inundated much of the diked flood plain;
breeding continued throughout the 1982 sum-
mer with consecutive broods following rain

2
b o,
[ T
j [
" 1y
o] 1982 T
S0 " /l‘“
: \
S B B TN B
40 H \\\
i
3 H ‘\‘\\I \
- 1 \
N ——
o AN /"\ ',)y - \\
- \ / \ ,’/ AN Y
= N \~J/
a S e P e s
- ;2 ot Ve LI TE N BEIEL]
o MAY JUN Ui AUG
-
@ ——Sta 6
= T 3
> — 3A
; LN
N 1983
LaB
sod \ .
i
\ ot v bt
w1\
\ /A\
0 “ Py
\ i
-4 A { Y
\ P
104 ,/ \
; LN P
- -~ e e R
Y o & 1% LS AR
MAY JUN JUL AUG

Fig. 2. Mosquito larvae densities at three typical
acidified breeding sites in the Herring River basin
during 1982 and 1983. Arrows(] )indicate rain events
of 2.5 ¢cm or more.
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events of 2.5 cm or more. Low rainfall in spring
1983 resulted in no coastal marsh flooding and
correspondingly low larval densities. Breeding
was probably also suppressed in 1983 at specific
sampling stations by periodic (but unreported)
larvicide applications by the local mosquito
control agency. Most breeding occurred in
slow-flowing or stagnant drainage ditches. Aedes
¢antator immatures also predominated in
ditches draining the Salt Meadow flood plainin
1982 and 1983.

Ditch water pH and conductivity for periods
of high larvae counts (greater than 10 larvae/
dip) are given in Table 1, demonstrating the
extremely acidic conditions. High conductivity
(total dissolved solids) is largely due to strongly
acidifving sulfate ions, together with chloride;
pH values of 3.2 correspond with sulfate con-
centrations of 200—700 ppm. The low pH in
turn mobilizes toxic metals like aluminum,
reaching as high as 49 ppm in pH 3.2 ditch
water (M. A. Soukup and J. W. Portnoy, unpub-
lished data). This combination of extremely low
pH and high aluminum, toxic to fish at 0.3 ppm
{Driscoll et al. 1980), severely limits larvivorous
fish. Minnow traps placed in mosquito control
drainage ditches throughout summer and fall
never caught fish despite the frequent occur-
rence of Lepomis gibbosus and Fundulus Spp. in
the adjacent and confluent mainstream having
better water qualitv. From casual observations,
macro-invertebrates, including important mos-
quito predators (see Mathazan 1976) such as
Dyvtiscidae, Hemiptera, and Odonata, are also
scarce in acidic ditch water. The depression of
invertebrate diversity and density in similarly
high sulfate strip mine drainage is well doc-
umented (Rcback and Richardson 1969, Bell

Table 1. pH and conductivity at typical Herring River

1871, Dilis and Rogers 1974, Scuilian and Ed-
wards 1980). Correlations of invertebrate den-
sities with water quality and Ae. cantator larval
densities will be undertaken in the future.

Extensive surveys of outer Cape Cod wetland
habitats in both 1982 and 1983 {unpublished
data) revealed little 4e. cantator breeding out-
side the diked acidified flood plains,

The reproductive success of Ae. cantator was
indicated by 1981 and 1982 observations of suc-
cessful emergence (hatched puparia) and by
adult densities in 1982 and 1983 trapping
(Table 2 and Fig. 3) and landing count data
{Fig. 3. This species comprised 52% (1982) and
49% (1983) of all females trapped, and 72%
(1982) and 56% (1983) of ail pest mosquitoes
trapped. (Pest mosquitoes are defined here as
those that commonly bite man in this area.)
Casual observations since the summer of 1981
indicate that Ae. cantator is the precominant
nuisance biter throughout the outer Cape Cod
area.

The almost exclusive occurrence and ob-
served success of Ae. cantator breeding in acidic
ditches of diked flood plains, together with the
absence of vertebrate and the rarity of inverteb-
rate predators, suggest the primary source of
the Ae. cantator nuisance. It is likely that Ae.
cantator immatures, adapted to high conductiv-
ity and tolerant of low pPH (MacGregor 1929),
are selectively favored over pH-sensitive pred-
ators. In unaltered coastal marshes, Ae. cantator
larvae are tvpically found in brackish (Mag
narelli 1978) and high-ionic-strength freshwa-
ter at the salt marsh/upland ecotone (P. Slavin,
personal communication). A geneucally fixed
preference for brackish habitats could be man-
ifested in site selection by ovipositing adult fe-

larvae sampling stations during periods of high larvae

densitv (greater than i0 larvae per dip).

Conductivity

Date pH (umhos/cm) @ 25°C. Date pH Conductvity
1982 Sta 3 Sta 6

6-3 3.13 860 7-6 3.04 1470
6-8 3.59 180 7-9 3.06 1530
7-23 3.47 1495 7-23 3.24 1515
7-27 3.30 1836 7-27 3.30 1310
7-30 3.00 1628 7-30 3.20 1131
8-5 3.92 524 8-5 3.64 1305
8-13 3.30 110t 8-13 3.05 1363
8-17 3.27 1669 8~17 3.30 1434
1083 Sta 3A Sta 6

3-31 3.52 749 3-31 3.49 714
414 3.60 720 +12 3.37 598
55 3.81 1122 +20 3.48 696
5~13 3.85 768 5-5 3.48 1135
816 3.36 1200 5-13 3.96 738
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adjacent outer Cape Cod salt marshes that are
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nd Ed- Table 2. Summary and comparison of 1982 and 1983 mosquito trapping resuits in the Herring River Basin.
e den- Pes: species included all Aedes spp. and Coguillettidia perturbans, i
“larval 3
re. Total females Percent of i
etland trapped (%) Females/trap-night* pest species F.
slished Species 1982 1983 1982 (n=145) 1983 (n=196) 1982 1983 E
12
g out- Aedes cantator 10279 (52) 38547 (49) 70.9 37.0 72 56 i
Aedes canadensis 3437 (18) 2427 (34 23.7 25.3 24 38 L
or was Aedes vexans 181 (1) 3 (T) 1.2 T 1 T 3
of suc- Aedes cinereus 128 (T) 63 (1) 0.9 0.7 1 1 ]
nd by Aedes excrucians 35 (T) 1 (T) 0.2 T T T
‘xppiné Aedes sollicitans 14 (T) 4 (T) 0.1 T T T
t data Aedes provocans 9 (T) 0 (O T 0 T —

9\ and Aedes triserialus 3 (T 1 (T) T T T T :
- Culex spp. 4100 (21) 697 (10) 28.3 7.3 0 0 ;
1 72% Culiseta minnesotar 1168 (6) 55 (1) 8.1 0.6 0 o ;
uitoes Culiseta melanura 46 (T) 73 (D) 0.3 0.8 0 0 s
ere as Culiseta morsitans- 1 (D 2 (T T T 0 0 o
area.) Coguillettidia perturbans 228 (1) 307 b 1.6 3.2 2 5 {
1981 Orthopodomyia signifera 1 (T) 0 (& T 0 0 — '
nnant *+ Significant change (decrease) for Aedes cantator only (t-test, P <.05). 3
e Cod 5
! _Ot}- males as well as in (and because of) enhanced immatures of more typically freshwater species,
acidic survival of immatures. eg., Ae. canadensis (Theobald), Ae. cinereus ;
th the Studies of two other salt marsh Aedes, Ae. sol-  (Meigen), and several Culex spp., occurred only 14
erteb- licitans (Dixon 1947) and Ae. taemiorhynchus in isolated and limited flood plain locations L]
rce of (Wied.) (McGaughey 1968), implicate sulfate as  where sulfate, conductivity and acidity were )
at Ae. a powerful oviposition attractant. Abundant low.

ucuv- sulfate in both natural-brackish and altered
;26%)- acidic Ae. caniator habitgts rna}" be an impquzm.t CONCLUSIONS
I attractant for this species as well. Interestingly,
ntator ' Although the development of extremely
Mag- acidic conditions following salt marsh diking
shwa- and drainage has been observed elsewhere
lf"-’m- (Edelman and Van Staveren 1958, Neely 1958,
fixed Gosling and Baker 1980), the overall
man- significance to wetland functions (M. A. Soukup
it fe- and J. W. Portnoy, unpublished data) and, in
, partcuiar, to biting insect production is not well
- recognized. In view of recent observations,
larvae p: 2 conunued drainage in these diked salt marshes
b * may be an inappropriate method of “source
- ~ SeLy ane < reduction” control. The consequent oxidation
it . Trapped: Landing: of pyrite acidifies and degrades water quality
TUvIY [} . .
ot 3 - a cantstor — Totat = for larvivorous predators and selectively favors
: [3 - other acdes === A cantsior s acid-tolerant Ae. cantator immatures.
2 - e i More appropriate management of diked
0 > “ systems (Ferrigno and Jobbins 1968, J. Shisler,
5 personal communication) would include the
i 28 restoration of seawater flow to increase tidal
! flushing and to neutralize acidity in presently
I;' stagnant and acidic freshwater habitats. The
K i re-creation of Ae. sollicitans breeding habitat is
—_— probably less of a concern 1o pest management
o because: 1) water quality problems that pres-
{ I I TR T R T I ently limit natural controls would be elimi-
B Juiy ase nated. and, 2) Aedes sollicitans production from

Fig. 3. Mean trap (n = 10) and landing (n = 3)
counts of Ae. cantator vs. other biting mosquitoes in
the Herring River area in 1982 and 1983.

open to tidal flow is presently insignificant
(Table 2 and unpublished data). Either little
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suitable Ae. soilicitans habitat remains here or,
more likely, local control agents experience
greater success using source reduction methods
more appropriately applied in undiked coastal
marshes. Salt marsh diking on outer Cape Cod
thus seems to be unjustified for the control of
nuisance mosquites. In fact, diking probably
generates 2 much less manageable pest control
situation, and eliminates well-recognized
(Nixon and Oviatt 1973) estuarine reseurces.
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