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SOME PHYSICAL AND CHEMICAL CHARACTERISTICS OF
COASTAL SOILS UNDERLYING MOSQUITO
BREEDING AREAS

KENNETH L. KNIGHT

Towa State University, Ames, lowa 1

The salt marsh mosquito species, dedes
sollicitans (Walker) and A. taeniorhyn-
chus (Wiedemann), are characterized by
the fact that their larvae develop in saline
aquatic sites in the rather limited coastal
area lying between mean high tide level
and the extreme inland edge of the zone
affected by sea water or its derivatives.
Wherever larvae have been collected out-
side this zone, (for example, Barber 1939,
Carpenter 1941, Rozeboom 1942, Fellton
1944, Ross 1947, Dixon 1955, and Hors-
fall 1956), they are nonetheless found to
be developing in waters richer than normal
in soluble inorganic salts.

It is reasonable to expect that the soils
underlying these saline waters also have
higher than normal amounts of soluble in-
organic salts. Since these mosquito species
in nature lay eggs only on moist soils, it
can be inferred that a primary environ-
mental factor attracting the ovipositing
females must be either the presence in the
soil of a certain minimal amount of one or
more of the soluble inorganic salts, or the
occurrence there of one or more factors
found only in association with such salts,

Past efforts to elucidate this problem
(reviewed by Clements 1963, 306), so far

1 The field work for this report was accom-
plished while stationed at the Naval Medical Field
Rescarch Laboratory, Camp Lejeune, N. C. Anal-
ysis of soils and manuscript preparation was ac-
complished at lowa State University with the
support of research grant Al o5119-01 from the
National Institute of Allergy and Infectious Dis-
eases, Public Health Service, H. E. W. The help
of Yaakov A. Saturen in accomplishing the soil
analyses is gratefully acknowledged. Journal Paper
No. J-5062 of the lowa Agricultural and Home
Economics Experiment Station, Ames, Iowa. Proj-
cct Nos. 1553 and 1554,

concerned with mosquito species other
than A. sollicitans and A. taeniorhynchus,
have been unsuccessful. When brought
into the laboratory, such mosquitoes lay
readily on non-saline oviposition substrata
(in some cases even in preference to saline
substrata) and furthermore are perfectly
capable of accomplishing normal develop-
ment in non-saline water,

Since a full knowledge of the factors in-
fluencing oviposition site sclection is ob-
viously important to mosquito control ef-
forts, a field and laboratory study of this
problem as it relates to 4. sollicitans and
A. taeniorhynchus has been instituted.

A preliminary phase of the study dealt
with the determination of soil moisture
levels required by these species for opti-
mum oviposition and has been reported
(Knight and Baker 1962).

Another portion of the study has been
concerned with the characterization of the
physical and chemical (inorganic) features
of soils known either to have been used or
rejected for oviposition by A. sollicitans
and A. tmeniorhynchus. The results of
this portion of the work are reported here,

Mareriars anp Metrops. All field work
for this project was done in the environs
of the inlet of New River, Camp Lejeune,
North Carolina. The presence of larvae
in a breeding site was used as evidence that
the female had selected that site for ovi-
position.

Following the occurrence of rains suffi-
cient to produce a brood of salt-marsh
Aedes, a close watch on potential breeding
areas was kept until larvae were large
enough to permit easy discovery, At that
time, larval and soil samples were collected
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from each distinct breeding site found. Ad-
ditionally, to serve as controls, a number
of mosquito-breeding areas lying adjacent
to but outside the tidally-affected zone were
also included in the survey.

In sampling for larvae, no records were
taken until the first larva was found in a
breeding site. Beginning with that dip,
10 dips were taken, and the total number
of larvae and pupae captured was deter-
mined. All specimens collected in these
1o dips were brought into the laboratory
and identified to species.

Soil samples were taken with a hollow
metal cylinder and were 23 x %7 mm.
Twenty of these cores were taken just
above, along, and in the margin of the
water of a breeding site so as to sample a
cross section of the area in which the eggs
hatched by the flooding might have been
laid. These 20 soil cores were combined
in a plastic bag and brought into the lab-
oratory.

There, each soil sample was spread out
on paper to become air-dry. When this had
occurred, the samples were broken down
with a wooden rolling pin and put through
a sieve with round holes 2 mm. in diam-
eter. Coarse material was worked over
again with the rolling pin. Screening and
crushing was continued until all aggregate
particles were fine enough to pass the sieve,
and only stones and heavier organic resi-
dues remained behind. The samples were
then stored in cardboard cartons.

The first step in the soil analysis was the
determination of the soil saturation mois-
ture content. The soil saturation moisture
content is defined “as the maximum
amount of water held in the puddled soil
without free water collecting in a depres-
sion made in the soil mass” (Jackson 1958,
240) and provides an estimate of the
water-absorbing capacity of the soil. To
make this determination a portion of the
soil sample, usually about 200 gms., was
placed in a r1ooo ml. beaker. Distilled
water was used, and the first half or two-
thirds of the estimated needed amount was
added down the side of the beaker. The
soil was not disturbed during this process
because water movement through puddled

soil is very slow. Increments of water were
added until the soil mass was rather fully
wetted by capillarity, time being allowed
for each increment to be fully absorbed
before the next was added. The soil
was then stirred with a glass rod, and
more water was added to give the final
adjustment of water content. ‘The water
content was considered right when the
soil barely flowed together into a hole
made with a stirring rod, the mixture
slid off the rod, and the soil surface
was wet enough to glisten; free water
should not collect in the depressions on the
surface when the sample is left for a few
minutes. If free water stands on the sur-
face, too much water has been used and
just sufficient additional soil should be
added to attain the desired end point.
With practice, the characteristic satura-
tion moisture content can be adequately
reproduced. Greater accuracy can be ob-
tained by deliberately going by the end
point and then adding just sufficient soil
to regain it. The soil saturation moisture
content was determined in percent (weight
of water/weight of wet soil) by taking 10
or 15 grams of this moistened soil, weigh-
ing it, oven-drying it to a constant weight,
and determining the amount of water con-
tained in the sample by subtracting the dry
weight from the original saturated weight.

As a rough measure of the weight per
unit volume (gms/ml) of the soil, the
weight of the amount of soil that could be
placed in a volume of 240 ml, settled by
gently tapping the container against the
table top, was determined.

The soil extract required for determina-
tion of soluble inorganic salts was ob-
tained by first allowing the remainder of
the saturated soil sample to equilibrate for
5 hours. Then, the sample was placed in
a suitable size of buchner funnel on a
tightly seated filter paper, and the filtrate
was removed by suction. The collected
sample was then centrifuged at 5000 r.p.m.
for 30 minutes to remove as much turbid-
ity as possible. The samples were stored
in a refrigerator at 5° C. in polyethylene
bottles until analysis could be accom-

plished.
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Analyses for sodium and potassium were
accomplished by emission spectrophotom-
etry and, for chlorides, by silver nitrate
titration. Calcium, magnesium, and sul-
fate were determined by use of a titrimetric
procedure based on the Versene chelation
of the excess barium remaining after bat-
ium sulfate precipitation (Jackson 1958,
263). Values were obtained in milli-
equivalents per liter (meq/l). Assuming
that one gram equals one milliliter, these
values can be converted into parts-per-mil-
lion by multiplying by the equivalent
weight of the involved ion. Organic mat-
ter was determined in terms of percentage
of carbon oxidized by chromic acid with
sulfuric acid heat of dilution. The proce-
dure used was that of Peech, Alexander,
Dean, and Reed (1947), except that end
points were read by potentiometric meth-
ods rather than by colorimetric. The pH
was determined for each extract with a
Beckman Model G pH meter.

During the latter portion of the work,
total soluble salts were also determined.
This was accomplished by use of a con-
ductance bridge (Type RC, Industrial
Instruments, Inc., Jersey City 5, N. J.) and
values were obtained in millimhos/centi-
meter (mmhos/cm). A linear relationship
exists between the specific electrical con-
ductance of a water extract of soils and the
concentration of salts as found by analysis,
The biological effects of salts are appar-
ently more closely related to the equiva-
lents of salts per million parts of solution
than gravimetric weight units per million.
However, using specific conductance fig-
ures, the latter can be estimated for waters,
at least of alkaline soils, as follows (Jackson
1958, 245): ppm. of salts = 640 X
mmhos/cm and percent salts in solution
= 0.064 X mmhos/cm.

Resvrrs. In all, 60 combined soil-mos-
quito larval collections were made. Be-
cause of progressive refinement, elabora-
tion, or reduction of procedures, only 41
of the collections were sufficiently com-
plete to permit adequate comparison of the
observed factors.

The correlation between the concentra-
tions of soluble inorganic salts occurring

in dried and subsequently re-saturated soils
and the mosquito species found breeding
over these soils when flooded is shown in
Table 1. Tt can be seen that 4. sollicitans,
A. tacniorhynchus, and Anopheles brad-
leyi (King) all occurred over soils rich in
soluble inorganic salts. In each case, the
collections containing these three species
were from soils having at least intermittent
contact with tidally-derived waters. Con-
versely, Psorophora confinnis (Lynch-Ar-
ribalzaga) was taken only from waters
overlying soils with comparatively small
amounts of the soluble inorganic salts, and
in each case these breeding areas were well
removed from direct contact with tidally-
derived waters. Aedes vexans (Meigen)
occurred over both non-saline (seven in-
stances) and saline soils (four instances).
In no case, however, was it found to occur
abundantly in the saline soil areas.

Attempts to correlate the presence of the
saltmarsh mosquito species with that of
specific ions were unsuccessful. In gen-
eral, all six considered ions varied in uni-
son. Because of this, it would seem that
a measure of total soluble salts would in-
dicate adequately whether a soil was suffi-
ciently saline to support the breeding of
salt-marsh mosquito species. A fairly quan-
titative estimate of the total salt content of
solutions extracted from soils can be made
from their electrical conductance (Jackson
1958, 234). Accordingly, the specific con-
ductance of each extract was determined
(Table 2). In general, the results obtained
were 1n full agreement with those secured
through the more time-consuming process
of analyzing for each ion separately, As
can be seen from the pH data, most of the
soil extracts were acid. No correlation be-
tween the pH and the salinity of the ex-
tracts was noted.

Incidental to the collection of the other
data, the saturation moisture content, the
organic matter content, and the weight per
unit volume were determined for each soil
sample. These relate directly to the water-
holding capacity of the soil; since the
lighter the soil, the more organic matter is
present, and the more organic matter pres.
ent, the more water that can be absorbed,



157

Mosquito News

Jung, 1965

€ 1-z°0 L o 9 L-1"S 09 ot 1-66-0 1T'1 0€-C1 ¥z 9—1 € II stuutfuoo
proydososd
€-6-t-0 Sz 6Lt b 9 0€"1-66"0 €11 z€—ST 6z 6-1 < I Supxoa
SOpOp
€ bz—g-er 0°gI g S—z -t 6t SL-0-6z°0 g¥-o 9L—0% z9 60—g1 gt 9 whaypriq
sappydouy
T°9T—9°'T g 11 9°L—9°F 0°9 Qe 1-6z°0 g8 o 9L—14 ce 69-t-0 1T SI  suyoulylortony
SIpIy
T°9T—9°'T Lrzx 9 L—T ¥ 9-5 ge 1-g¥-o Yi-o 9lL—€z 1€ 69-¥'0 ot [24 SupIINjJOS
WPy
s8uey Ay o8uey Ay o8uey Ay a8uey Ay a8ury Ay s9opdures sa10adg
0 "ON
(wro /soyuaur) Hd T JuUAIU0D ONEW 0ON

90UEIINPUOY) dYIadg

1od (sw8) B

QIMSIOW ¥,

uoneImieg

otuedi0 Y%

'S[TOs Sures 9sdy) WOIJ SENX? snoanbe jo pd pue sdULIONPUOD
sywads pue fseose Suipsorq oymbsow Fui{pRpun spos jo swnoa Jun id JYSPM pUT JUNVOD IMSIOW UonTInIes QU0 IeW OTueSIQ—'T TIAV],

Fi1—z < g—z o 1 Fi-z < 1-5°0 Lo L—1 T 1I suuuyfuos
viaoydo.Losd

11—< < 9zI-T 0 1z zh—c [¢3 z—5'0 I 611—¢ b4 I supx2n
YOPOYT

€11—9¢ 14 Lot—€T1 9tz r91—<9 zII 6-€ 9 €oS~=€z1 €gc 9 loppr.g
sopydouy

Sge—-+ z9 $9l—or1 tgr 141-11 89 11-1 ¥ Co$—€1 61 <1 SRYIUAYLO1UIV]
opIp

sge—+ 09 $94Z—-01 ooc I4T-I1 18 111 < £05—¢€1 Liz zT SupgLsyjos
Py

afuey Ay o8ueyg Ay o8uey OAY a8uey s8uey Ay sajdweg saradg

3© 'ON
YOS Rie} 8N pUE 8D 43 +EN

'seare Surpasiq oymbsow SUL{{ISPUN S[ICS WOIJ s10BIXS S1[ES OMIESIOUl O[qnios Jo 10N I1od SIUSEAMDI-TjI— T TTEV],



158

Mosqurto News

Vor. 25, No. 2

Since marsh soils would conceivably have
a greater proportional volume of organic
matter than non-marsh soils, it follows
that the saltmarsh species (Aedes sollici-
tans, A. taeniorhynchus, and Anopheles
bradleyr) would generally be associated
with soils light in weight, rich in organic
matter, and having a high saturation mos-
ture content. ‘This was borne out by the
data (Table 2). Although no fresh-water
marsh habitats were sampled, it séems ob-
vious that they would not differ from salt
marshes with regard to these particular
factors.

Aedes mitchellae (Dyar) occurred in
four collections, 4. canadensis (Theobald)
in two, and Culex territans (Walker) in
one. These were all from fresh-water habi-
tats, and the specific conductance of the
corresponding soil extracts ranged from 0.4
to 0.7 mmhos/cm.

The abundance of larvae of A. taenior-
hynchus and A. sollicitans in each breed-
ing site was not correlated with the

specific conductance of the soil extract from
that site, large numbers of larvac being
found associated with both low and high
specific conductances. Anopheles bradley:
larvae were never found in more than rel-
atively small numbers.

Discussion.  Except for Micks and Mc-
Neil (1963), no data have been published
on the physical and chemical characteris-
tics of coastal soils underlying known salt-
marsh mosquito-breeding areas. In con-
trast, there are a number of references
reporting analyses of water supporting the
breeding of salt-marsh mosquitoes. The
data from some of these are compared in
Table 3 with the soil extract salinities re-
ported by Micks and McNeil (1963) and
by this paper. Although a wide range of
variation exists, some measure of correla-
tion can be seen.

In themselves, salinity figures for breed-
ing area waters have little validity as in-
dicators of sites selected by ovipositing
females, since it is not unusual to have

TasLe 3.—Comparison of chloride concentrations (p.p.m.) of mosquito breeding waters with extracts
from soils underlying breeding areas.

Breeding area water

Extracts from
breeding area soils

Cory Darsie Micks
and and Chapman and Present
Crosthwait Vogt Springer Dixon 1959 McNeil project
(1939)* (r947)  (x957)*  (1957) New 1963 North
Species Maryland Maryland Delaware  Kentucky — Jersey Texas Carolina
Aedes
sollicitans 11,992 2,545 9,400 3,543 7:384 355
20,937 44,128 22,791 27,127
(11,092"%) (15,944) (7,092)
Aedes
taeniorhynchus 9,885 355
27,127
(6,525)
Anopheles
bradleyi 9,064 1,500 2,705 1,482 4,361
(as crucians) 6,100 18,360 17,973 14,432
Aedes
vexans 515 483 e
1,707 8,858 2,468
(999) (3,028) (745)

* Conversions from percent of sea water by multiplication by 32,210 (mean p.p.m. of chlorides in

Atlantic Ocean, Darsie and Springer 1957, 43)
## Figures in parentheses arc averages.
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salt-marsh mosquito broods produced by
tidal flooding, by rains, or by combinations
of the two. As shown by Richards (1938),
the salinities of waters found containing
the larvae of A. sollicitans can vary from
zero to nearly that of sea water. The salin-
ity of extracted soil water should, however,
provide a more reliable measure of the
suitability of an area for producing salt-
marsh mosquitoes, since this more nearly
approximates the conditions existing at the
time of the oviposition.

An unexpected finding in this study was
the extremely low minimal level of soluble
salts characterizing the soils of 4. sollici-
tans and A. taemorhynchus larval habi-
tats. In terms of specific conductance, the
minimal value obtained was 2.6 mmbhos/
cm (1664 p.p.m. total soluble salts). This
is only very slightly above the maximum
figure of 1.3 mmhos/cm (832 p.p.m. total
soluble salts) obtained for a typical fresh
water breeder, P. confinnis. Yet the slight
difference between these two figures ap-
pears to have great biological significance
for it quite distinctly separates the salt-
marsh and fresh-water biotas.

A. vexans was found living in both these
two major habitats but was never found
numerically abundant in habitats having
contact with seawater, ie., with a specific
conductance of 2.6 mmhos/cm or above.

Summary. The characteristic larval
habitat of A. sollicitans and A. taeniorhyn-
chus is in the limited coastal area between
mean high tide level and the extreme in-
land edge of the zone of brackish water.
As part of an effort to understand this
rather striking habitat restriction, soluble
inorganic salt contents were determined
for aqueous extracts taken from soils un-
derlying breeding areas of these two spe-
cies and compared with similar data for the
fresh-water species 4. vexans and P. con-
finnis. All soils from larval habitats of 4.
sollicitans, A. taeniorhynchus, and Ano-
pheles bradleyi had total soluble salt con-
tents of 1644 p.p.nm. or more. On the other
hand, P. confinnis larvae were never found
in habitats having in excess of 832 p.p.m.
of total soluble salts. A. vexans, although
abundant only in fresh-water habitats (be-

low 1,000 p.p.m.), was present in habitats
having as much as 5,952 p.p.m. of total
soluble salts.
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