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Abstract:

On-field production of irrigation-water mosquito larvae in the Milk River Valley, Montana is
discussed. Certain topographical features of this area that favor oviposition of these mosquitoes are
noted. Aedes nigromaculis is chosen as a representative species for study. Field investigations show
that oviposition under field conditions is not at random, but is favored by locations on the sides of
small depressions and thick layers of organic debris on the ground surface. A study of larval hatch and
development indicates that larval movement away from hatching sites occurs, and that about a week is
necessary to complete larval and pupal development.

Olfactometer tests show that certain organic decomposition gases such as methane, carbon dioxide, and
hydrogen sulfide are apparently not oviposition attractants. Individual mosquitoes isolated in
oviposition and substance choice vials yield data on egg production, oviposition expectation, and the
ability of ovipositing females to detect chemical differences in their substrata. These data indicate that a
chemotactic sense exists in these mosquitoes. However no evidence was found to show that chemical
differences, such as alkalinity variations, likely to be found in their natural habitat has any effect on
their oviposition site choice. Evidence from analysis of air samples collected in the field indicates that
measurable amounts of carbon dioxide do evolve from the soil in irrigated pastures.

Field observations show that pupae can survive and develop into adults in the absence of water.
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ABSTRACT

On-field production of irrigation-water mosquito larvae in the Milk
River Valley, Montana is discussed. Certain topographical features of
this area that favor oviposition of these mosquitoes are noted. Aedes
nigromaculis is chosen as a representative species for study. Field
investigations show that oviposition under field conditions.is not at
random, but is favored by locations on the sides of small depressions
and thick layers-of organic debris on the ground surface. A study of
larval hatch and development indicates that larval movement away from
hatching sites occurs, and that about a week is necessary to complete
larval and pupal development,

Olfactometer tests show that certain organic decomposition gases
such as methane, carbon dioxide, and hydrogen sulfide are apparently
not oviposition attractants. Individual mosquitoes isolated in oviposi-
tion and substance choice vials yield data on egg production, oviposition
expectation, and the ability of ovipositing females to detect chemical
differences in their substrata: These data indicate that a chemotactic
sense exists in these mosquitoes. However no evidence was found to show
that chemical differences, such as alkalinity variations, likely to be
found in their natural habitat has any effect on their oviposition site
choice. Evidence from analysis of air samples collected -in the field
indicates that measurable amounts of carbon dioxide do. evolve from the
soil in irrigated pastures.

Field observations show that pupae can ‘survive and'develop into
adults in the absence of water.




Y -
INTRODUCTION

Prolific mosquito production on irrigated pasture iands has long been
a problem in the western United States. The Milk River prqject in north-.
ern Montana is such a problem area.

In order to better understand the mosquito problem in this area; a
cooperative program of research was initiated by the Montana Aqricu1tﬁral
Experimenﬁ Stati&n, the Mbnténa Statg Board of Health,-the=Communicable‘
Disease Center of the U. S,qublic ﬁealth Service and the Soil and Water
Conservation Research'Branch of the Agricultural Research Service of the
U, S. Department of Agriculture. The present research was undertaken as
one phase of this program. Its basic aim Was tO‘ggin a better uﬁderstand—
ing of some of the factars influencing mosquito 6viposition behavior in
irrigated pastures. The problem was épproached in the following ways:

1. By pinpointing 6ﬁ—fie1d oviposition sites by taking sod samples/
from various locations in an irrigated pasture known to produce great
numbers of mosquitoes. This was to see if the females were exhibitiﬁg-a
definite preference for oviposition sites with respect to micro~ecological
differences found within the field (i.e.'irregularifies of su?face; plant
densities, g?ound cover, m&isture etc.), or were merely scattering their
eggs indiscriminately over the surface of the ground.

2. By obtaining information about hatching time, amount of larval
movement away: from hatching sites, and larval development tiﬁea

3. By obtaining information about the time necessary after a blood

meal to "mature” eggs, the number of eggs a female mosquito can be expecdted




to lay, etc.

4, By testing/the ability of gravid female mosquitoes, (when given
a choice) to distinguish between Qarious naturally occurring gages, certain
solutions, and substrate differences (vtexture®, coior, etc.) as possible
oviposition étimulants. |

Aedes nigromaculis was chosen as the experimental species because of
its abundance in the Milk River Valley throughout the summer, and because
it is easily separated by macroscopic characteristics from the several
ofher commoﬁ species in this area.

There are many studies of certain phéses of oviposition behavior
reported in the literature. Gjullin et al. (1950) working with A. vexans
and A. sticticus in Washington and Oregon, and Bodman and Gannon (1950) in
Illinois studies of A. vexans, found thaf oviposition was not random, and
- tended to be concentrated along the sides of de;;ressions°
’M?t”’ Many workers, among them Mayne (1926), Thoméon (1938), Kennedy

(1942), Parker (1948), Parker (1952) and Wallis (1955) have noted that
other species of mosquitoes can utilize differences in amounts of water
vapor in the air, in temperatures, and in free water locations to orient
themselves to oviposition sites. Wallis (1954 B), Beckel (1955) and

Trembley (1955) have reported that certain Aedes species are able to dis-

tinguish between different colors of substrate, differences in “texture"
]df substrate, and differences in light-and-dark areas and that they make

oviposition site choices on the bases of these abilities.
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Various workers have reported on.the ability of mosquitoes to utilize
chemical stimuli, by way of distinguishing between different chemicals in
solutions and as gases, to make oviposition site choices. Noteworthy among
these are the studies of Sharma and Sen (1921), Rudolfs (1922), Crumb
(1924), Wallis (1954 A), and Wallis (1954 C). Dethier (1947) devoted an
entire book to summarizing the many excellent papers évailable on the/_
chemical senses of insects,‘

Certain gases, among them carbon diox;de, methane, and hydrogen
sulfide, are produced by bacteria. decoﬁposing organic material. -There
are thick laygrs of these decaying materials present in areas Ehosen by
irrigated pasture mosquitoes for egg'laying'sites. Therefore it was.one
of the primary aim§ of the present resea;ch to investigate the pogsibility
that the above mentioned gases might be oﬁipoéition stimuli. Crumb (1924)
found evidence that methane may be an oviposition stimulus for Culex
pipiens. That mosquitoes aré attracted by carbon dioxide as a feeding
stimulus has been demonstrated by many workers, such as Rudolfs (1922),
Brown et al. (1951), Reeves (1951), Willis and Roth (1952), Reeves (1953)
and Laarman (1955).. In the present.research, it was thought possible that
in lesser concentration carbon dioxide might be an oviposition attractant

as well.
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DESGRIPTION OF THE STUDY AREA

Tﬁe Milk River Valley lies in a gléciated settion of the Missouri
plateau ih north central Montana. The éievatibh of the aréa varies from
2068 to 2445 feet above sea level and istéharac%erized by a gently rolling
bréirié'diggéétéd by fhe‘reiatiVely narrow river valley which is approxis
mately 100 feéet lower than the b@rdéfing plain, The valley floor appears
flat upon gross examihation, but upon closér inspection is uneven' in many
placess These surface irregularities together with lack of slopé {only
about two feet per mile),'and high clay content of the seil (over 80 ﬁéxs
¢enit ¢lay ih some areas) complicate irrigation and surface drainage. Irri-
gated nati§e gfass pastures are gehérélly hét level and water tends to
coliest in low spots (see Fig..1.). Hére, due to the faet that these clay
soils ¥Wseal" quickly and do hot allow fiuch water infiltration; the watex
rem4ing until it evaporatess Irrigation systéms ih thesé fields are gen= |

erally of ‘the "contour aitch" type (seé Fig. 2)s This further cemplicates




Fig. 1.

Typical western wheatgrass pasture showing residual surface water
ideal for mosquito production.

Fig. 2. A contour ditch irrigation system.
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the problem of standing water, since these distribution‘ditches often coh=
tain water even after all water has disappeared from the fields themselves.
In a report on a study of mosquito breediﬂg conditions in this area
(Anonymous-1953), U. S. Public Health Service personnel indicated that
irrigated pastures-produéed about 43 percent of the total on-field mosquito

production found. Furthermore, according to their data, surface pools were

. responsible for 99 percent of the total breéding on native grass pastures.

1955 SOD EGG HATCH EXPERIMENTS
Methods

For the determinatién §f natural oviposition sites, circular sod
samples 5 1/2 inches in diameter (23.72 square inches) and one inch deep
were cut from various areas in a western wheatgrass (Agropyron smithii)
pasture known'to produce véry high populations of mosquitoes.

These samples were taken at locatiohs across the slopes of small
depressions and from relatively level areas within the field. A record
was kept of the exact place whe¥e each sample was téken, and plant counts
and duff layer estimates also were made on each sample. After excess grass
was clippgd to facilitate observation, the samples were.piaced in half
gallon battery jars for flooding. The jars were flooded to a depth of
three inches above the sample surface, using water from fhe‘irrigation
ditch serving the field. The water was strained through standard &ilk
filter discs to preclude ;ntrodﬁctiOn of any eggs or larvae.

The term "hatch" refers ‘to the appearance of one or more larva(e) -
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from a samplea Nine sets of 24 samples each were taken over a thréee week
period beginning June l, 1955. Each set Was taken from a different localis=
ty in the field. Two of the nine séts were taken entirely from level
areasy, and the remaining sets consisted of transect samples aeross dépres=
sions from side to side. All samples (24) in each set were taken the same
day, and the processing started on these before another set was takens

Frequent inspections were made to eetect hatching,mos£ of which took
place within 12 hours, ahd was usually completé by about 24 hours. Forty-
eight hours after'flooding, the larvae were removed with a pipette for
counting. Attempts were made to rear these larvae to the fourth instaxr
for identificatioh but mortality was excessive due to scuin fermatioﬂ ot
from some other cause, possibly a fungus infection. The few larvae-that
were reared through were mostly A. nigromaculis, with some A. dersalis.

The samplés were kept shbmerged'for five days te allow for any delayed
hatching. Those which showed no hatch in the five days were discarded, and
those showing a hatch were air dried for a week and then flooded again to
check for a rehatch. One sample crumbled so badly it had to be discarded.
for rehatch. | |

In these studies any hatch in the first flooding of the sampleé wWas
used as an indicéation of these habmtats being chosen as edg laying sites.
The possibility exists that repeated flooding would have shownh the presenoe
of eggs even in thosé samples which showed no hateh on the first flooding.

It was felt that the number of larvae which hatched would not be any better
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criterion of oviposition preference unless complete hatch could be

effected, which was impossible with the facilities and time available.

Results

Table I, Shows the results obtained from the hatch gxperiments. It

will be noted from Table I. that three sets of 24 samples eabh (sets 3,.__‘7s

and 9) showed no larval hatch. One of these sets was from a level area,

and two were from areas containing depressions. This wbuld indicate that

' some areas in a field may be more favorable for oviposition than ofher

areas which appear similar (in physical aspects) to the human eye. The

data also show that there is an apparent preference for the sides of

depressions as oviposition sites. These results are comparable to the

results of Bodman and Gannon (1950) working with A. vexans in Illinois.

Table I. Egg deposition in relation to slope of terrain as indicated by

hatch experiments.

Depression Sides Dépression Bottoms Level Areas

Set No. of No. of No. of No. of No. of No. of

No. Samples Samples Samples Samples Samples Samples

Taken _ W/Hatch Taken _ W/Hatch Taken _ W/Hatch
1 17 4 7 - - -
2 15 5 5 1 4 -
3 8 - 5 - 11 -
4 10 5 4 - 10 5
) - - - = 24 5
6 13 7 9 2 2 -
7 - - - - 24 -
8 11 4 2 - 11 1
9 9 - 6 - 9 -
Totals 83 25 38. 3 95 . 11
Depression Sides Depressiori Bottoms Level Areas

Percent of :

Samples Show- 30
ing Hatch

8

12
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The nuitber of larvaé obtained from the first flooding of the 39
samples of sod which showed a hatch varied from 1 to 63 per sample. -
Thirty-eight of the samples had 39 or fewer larvae hatch per sample.
Twenty~two samples produced a hatch on second flooding, and in 11 of
these the hatch was larger in the second flooding than in the first.

Table II. shows the relationship of amount of organic debris or
"duff® on ‘the surface of the ground and oviposition preferénce.as evi=
denced by hatch obtained. ’ .

From the data presented in Taple II, it WOuld“appear that the quan=~
tity of duff cover may have either‘a direct or indirect effect on the'
selection of oviposition sites by the mosquito.spesies involved, with

.preferencé shown for thick layers of duff. No explanation can be given
for the fact that three light duff samplées out of one set showed larval
hatch. | |

Analysis of the data obtained from counting plant numbers oh the
samples show no correlation witﬁ oviposition preference, as can be seen

| by looking at Table III. The plant complex in these samples:consisted
largely of western wheat grass, several species of sedges, and annual
weeds., bservations made during these studies indicate that a measure -
of density of plant cover might have shown a more direct rel—a#ic’anship°
This is because one large clump of grass (classified as oneé plaﬁt) may
give several times as much ground cover as four or five small annual

weed plants or grass sprotits.




Table II. Results of oviposition studies in relation to quantity of duff cover per sample.

Very Heavy Duff Cover* Heavy Duff Cover ‘Moderate Duff Cover Light Duff Cover

Set No. of 'No. of No. of No. of No. of No. of No. of No. of
~ No.. Samples Samples Samples Samples Samples Samples Samples Samples -

Taken ' W/Hatch Taken _ W/Hatch Taken - W/Hatch Taken W/Hatch
1 2 ‘1 10 2 11 1 ’ 1 -
2 1 1 9 2 8 - 6 3
3 - - 14 - 10 - - . -
4 1 1 20 - 8 3 1 - -
5 2 2 16 3 6 - - -
6 7 4 14 3 3 - - -
7 - - 12 - 10 - 2 -
8 - - ‘ 13 3 . 10 2 1 -
9 1 - 8 = 14 - 1 -
Totals 14 9 116 23 75 4 11 3

Very Heavy Duff Cover Heavy Duff Cover Moderate Duff Cover nght Duff Cover
Percent show- '

"ing Hatch ‘ 64 : 7 20 . 5 27

Refers to a dense layer of plant debris 1/2 inch or more deep and

* Very Heavy Duff Cover
: entirely covering the sample's surface-.

Heavy Duff -Cover - A layer of plant debris entirely covering the sample’s surface.
Moderate Duff Cover =~ Considerable plant debris, but with some spots only thinly covered
or bare.

Light Duff Cover Only small amounts of plant debris, most of sample thlnly covered

or bare.

—8'[—




" Table III.

No. Plants per Sample

Results of oviposition studies in relation to number of plants per sample.

1-9 _10-19 20-29 30 _or More
.Set No. of No. of No. of No. of No. of No. of No. of  No. of
No. Samples Samples Samples  Samples Samples Samples Samples Samples
Taken _ W/Hatch Taken W/Hatch Taken W/Hatch Taken _ W/Hatch
-1 - ' - 6 1 s - 3 - -
2 8 2 12 -3 4 1 . -
3 - - . B - 14 - 5 -
4 - - 19 6 .4 3 1 1
5 - - ) - 16 -4 2 1
6 - - Co- - 4 1 20 8
7 . - 8 - 15 - i1 -
8 - - 4 1 13 4 7 -
9 - - 15 - , 8 - 1 -
Totals 8 2 75 11 96 16 37 10
-1 -9 Plants - 10-19 Plants 20-29 Plants 30 or More
Percent showing hatch 23 = 15 17 27
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RING STUDIES FOR LARVAL DEVELOPMENT
Méthpds

Twenty-four isolation rings, 1 1/2 feet in diameter and.l2 inches
.deep were constructed from galvanized sheet metal. Each was fitted with
a removable screen covei. These rings were siﬁilar to thosé used by Ed-
munds (1955) to isoiafe egg rafts of Culex tarsalis..

At yarious locations in the same field where the sod samples weré
- taken, these rings were driven into the soil to a depth 6f si¥ inches and
sealed érqund the edges with mud. Water was then poured in until it stood
about four inches deep. It was planned to make observatiéns on the time
for egg hatch after flooding, and the time for larval development. These
rings were likgwise to be used td determine the number of iarvae produced
in a particular habitﬂat°

Results

A great deal of difficulty was experienced with thg use of these
rings. First, it was difficult to maintain wéfer in the rings in some
locations due to seepage. Secondly, temperatures of fhe water were much
cooler than those of field water in the same vicinity if ‘the sdreen covers
(which provided shade) were 1éft on. IIf the covers weée removed, it was
impossible to prevent a very rapid influx of predators, principally l
Hemiptéra (Notonectidae and Corixidae) and Coleoptera (Dytiséidae and
Hydrophilidae). Tﬁeée caused a very high mortality in a short time. |
Also, the water in the rings became stagnant very rapidly and a scum

formed which was lethal to the larvae. In view of-these difficulties
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use of these rings was discontinued.

LARVAL'DEVELOPMENT FIELD STUDIES
Methods

These studies were started to determine ﬁo what extent larvae were
washed from place to place in a field by the irrigation water, but was
later continued to follow through the time necessary for development from
egg to adult, ‘

A study plot with an area of 35,250 square feet was congtrudted in
an irrigated pasture by throwing up dikes of earth to'preyent water run-
off. Dominant vegetation on this area was western wheatgrass. Watq; was
- started on-the plot at 10:30 a.m., August 9; 1955 and was continued for 
31 hours. At the end of this period the area was flooded to an average
depth of approximately four inches (maximum about six_incheg, minimum
about two inches). This amount and method of water application is
similar to that used by the farmers in'the.areaa

The larval population was sampled by the use of a white ehamel‘dipper5
as described by Carpenter and LaCasse (1955), Mail (1934) and others. The
plof wés sampled at 15 minute intervals the first four hours from the start
of flooding to determine the time lapse before larval hatch began., To
check the possibility of larvae being waghed into the plot in the irriga;
tion water the ditch was sampled periodically. No larvae were found in

200 dips taken in the ditch water,nor'were any seen.
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After the hatching was nearly complete (24 hours), the plot was
checked twice daily, mornhing and afternoon, for the first seven days.

One observation a day.wés taken after £his time. Water and air. tempera-
tures were recorded throughout the period with a recording thermograph.
Daily air temperatﬂres raﬁged from lows of 40-45° F, at about 5:30 a.m.

to highs of 80-940 F, at about 2 p.m. Water temperatures followed a
similar pattern with lows of 52-620 F, early'ih the mornings to highs of
76~90° F, in the middle of the afternoons. This daily pattern of tempera-
ture fluctuation was fairly consistent throughout the test,.

For the sake of uniformity of sampling, the plot was divided into
nine smaller areas each of which was dipped 25 times per sample. It was
possible from these samples.to determine rather closely the beginning of‘
larval hatc¢h and the transition of one instar to,the next. |

Results

The pasture in which this study plot was located had not been flooded
(except by spring thaw) for at least two years prior to this test. Consem‘
quently the first flooding produced only a few larvae., The water from
this first flooding was therefore drainéd to provide a suitable habitat
for egg deposition, and the iarval production from the second flooding
(10 days after the first) was used in this study.

The first larvae were seen about 3 1/4 hours after the water was
started on the plot.. This would indicate that embryonic development in A.

nigromaculis, the species obtained in these studies, was similar to that
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found in other species as reported by Gjuliin, et al. (1950). The head
capsules of A. nigromaculis larvae are white when first emerged, and
gradually darken over a three to five hour period as pigmentation develops.
Using this phenoménon as an indication, visual observations showed that
larvae were washed along by the moving water, since older iarvaé of the
first instar (with dark heads) and newly hatched larvae (with white heads)
were observed togéther just behind the advancing edge of the water sheet.
Figure 3. shows the instar déveiopment pattern as indicated by this study.
It can be séen that the first three instars develop rapidly, each of the
first three stadia requiring about three days for all of the larvae to
péss through. The fourth stadium pefsisted for about six days, and the
pupal . stage for‘abogt five days. Some larvae developed much more rapidly
than othersy, and most of the first adults to emerge were males.

Some of the first pupae found were collected and placed in a confining
ring so that adult eﬁergence could be éhecked. Judging from the cast pupal
- skins remaining in thé ring, the first adults emerged sometime between 6340
poMm., August 15, and 1:00 p.m.s August 16, This was about 6 1/2 days after
the plot was flooded. However, the ‘main emergence of adults océurred bén
tween 2:15 pom.y, August 17, and 10 a.msy August 18, or aéproximatély eight
days after flooding. At this latter time hundredé of newly emerged adults
were observed clinging to the grass protruding from the water, and many
were seen still in the act of emergence. Both males and females were seen,
in approximately equal numbers. Swarms of these mosgquitoes flew up upon

disturbance, but immediately settled back to the grass. Very few of the
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females offered to bite even though the observer had applied no insect

‘ repellant., By 3:05 p.m., August 19; the time of the next observation, very

few males were seen. The females were evidently ready foi a blood meal at
this time, for the observer was atiacked by‘swarms-of voracious females
even after a heavy application of insect répellant to all exposed skin,.
By 10 a.m., August 20, or 11 days after flooding started, most of the mos-
quitoes had disappéared from the area, and comparatively few adults were
seen.

Why the average number of third instar larvae captured ﬁer dip was
higher (as is shown in Fig. 3:) than for the other instars was not readily
apparent. Perhaps for some réason these larvae showed léss avoidance to

the dipper than did the other. instars. The much lower peak for the pupae

“indicated in Fig. 3. was due, at least in part, to the fact that as the

adults emerged the total number of pupae dropped correspondingly.

OLFAQTOMETER EXPERIMENTS
Methods
In order to tést the effech of methane and carbon dioxide as ovie
position attractants for A. higrqmaculis,'an insect olfactometer was built
during the spring of 1956. Its design wég modified fiom those used by
Brown et al. (1951), Willis (1947), Willis and Roth (1952), and Laarman
(1955). |

The olfactometer was constructed of 3/8 inch plywood lihed on the .in=-

side with two layers of beaver board, held apart with woéd spacers.
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This arrahgeiient proVided tiwo "dead™ air spaced for insulation. The entire
frofit of th§ olfactometér wag rdmovable fbi ¢ofiVerilencé of sékvicings and
Was eduipped with a glass observation wifidows and a hettihg "sleeve" opehw
ing to allow ihsgrtion of an-arﬁ to transféer mosquitoes: The prelimifiary
design used in 1956 was a "chémbérﬂWiﬁhih%éuéﬁémbéi“ plan (see Flys 4:) so
that the inher chambér which actially enclesad the mosquitoes was within.
‘an ouber chamber desighed %o maintalh constant ﬁémpeféturééa The sutet
cHamber was equipped With a 3/4 horsepowér commeréisl wefrigeration unit -
and also thermostatically éahtralléd heating elements so that ﬁhé al# could
be heated 6r cooled a§ desireds A féh attached to the refrigspator coil
in the buter'chamber-prOVidéd alw éiréﬁié%iﬁﬁe The inker cHamber was soh=
structed of 3/16 inch masonité %6 allew gosd héat exchandsd, ahd had glass
panels in the ceilihg to élldw light to énters

Small scréened opehings in the walls of the inher chamber. provided
air exchange bétween the outer and inner charibers o éllow equilibiis . of
temperature and humidity o bé Feached without sbjectional sbrohd al¥ cuse
rents in the inner chambér. Lights for observation weére providéd of  the
ceiling of the outer chamber in the form of six 40 watt 1ummlihé bulbs ‘
connected to a Powerstdt rheostat so %hat llgh% intensity cOﬁid Varléﬂ« L
Evdporation pans placed beneath the floér 6f %he inher ¢hamber bfovided
the water vapor necessary to maihtéihiféiéﬁiﬁé huﬁidiﬁy a%'a‘iéVéi favéra
able for the mosquifoes. By Varying the nUmbér of pans, gofie dotitiol of
relative nummdlty was obtaineds But it was 1mpossmble £ réguléte i% wlth» '

in close limits (subseqUent modifications in 1957 allowed v@ry much
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improved humidity, as well as temperaturegcohtrol).

Oviposition sites were provided by wet white turkish towéling fas~
tened over the mouths of four seven-inch-porcelain Buchner funnels held
upright in the chamber by a wooden stahd. These Buchner funnels were used
so that the gas mixtures to be tested could be introduced through plastic
tubing into. the funnels gnd then be passed through the toweling, This
é:rangement allowed four choices to be available to the mosquitoes; in
the gas experiment one funnel had a methane-air mixture passing through
it, one a carbon dioxide-air mixture, one pu;e air, and the fourth with
no gas-air or air flow. The toweliné.was kept saturated.by means of a
cldth wick in a small container of watér'inside each funnelo. Thus the
&osquitoes had no access to moisture othér than the toweling, Four Petri
dishes containing cellucotton péds saturated with Id percent sucrose solu-
tion were placed in the chayber, These provided fooa‘for the mosquitoes as
described by Trembley (1955).

Twelve experiménts were conducted in this preliminary de;ign olfac~
tometer. The first 11 of these were carried out with the idea in mind of
finding the effects of varying temperatures and humidities upon oviposi- ‘
tion, and no air or gas mixes were passed through the funnels in these
experiments. Preliminary trials with varying light intensities indicated
that the heat prodﬁced by the bulbs caused too great a fluctuation in tem-
perature, so all of the experiments'wereACarried out in darkness. At the

termination of the 55° F, test (test No. 9) 45 of the mosquitoes that still

appeared to be in a "healthy"™ condition were removed from the test chamber
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and were placed in a pint jar with a layer of wet celiucotton, covered by
white filter paper, on the bottom. This jar‘wés placed in the laboratory
and allowed to reach room temperature (approximately 75° F.). This was
done to see if these mosquitoes, which bad laid no eggs in 114 hours at
550 F.y, would lay eggs when their environmental temperature ihcreased to
a more favorable level. For the twelfth experiment, involving the use of
the test gases, a gas metering system was provided as is illustrated in
Figuré 5.

Io provide the large amounts of air nécessary to achieve the desired
gas dilutions, rotary air pumps of the typé used to operate laboratory
blast lamps were employed. Each pump provided'l,5 cubic feet of air per.
miﬁute in continous operation. Fbr thisy; and all subsequent gas egperi_
ments, only glas§ and Tygon tubing werée used to minimize the possibility
of odor being imparted to the air or air=gas flow by the lines themselvess
All experimental gases were obtained from the'Matheson‘Company, E. Ruther-
fordy, No Joy in high pfeésure cylinders. The following gases were used in
1956; ~carbon dioxide, commercial grade, 99.5 percent minimum purity, and
mefhane, technical grade, 95.0 percent minimum pdrity.l In 1957, in addi=-
tion to these two gases hydrogen sulfide, purified grade, 99.5 perceﬁt
minimum purity,; was also used. To obtain the desired concentrations, the
: specific gas to be used was metered out of the compressed gag cylinders
thfough a "Rotameter® type flowmeter (obtained from the Emil Greiner Co.,

New York)s




Fig. 5. Overall view of gas metering apparatus, showing rotary air-pump

and line filters in the foreground. These filters removed all

0il vapor from the pump air flow.

The air flow from the pump was measured through a larger flowmeter.

The gas and air were then led into a mixing chamber consisting of a series
of washers soldered inside of a length of copper tubing. The Venturi-tube
action of these washers upon the air-gas flow created enough turbulence to
mix them thoroughly. The excess air-gas mixture not needed for the experi--
ments was removed through a "bleed-off" line in the mixing chamber. Fig. 6
shows the gas metering and mixing chamber equipment. The air-gas mixture
flow to be used was then regulated through a needle valve, then led through
another flowmeter to measure the amount passing through the chamber line
leading to the olfactometer chamber. After passing through a Fisher-
Milligan type gas washing bottle to humidify the flow of air-gas mixture

(or air as the case might be) it was introduced into the olfactometer




Fig. 6. Details of flowmeter and mixing chamber apparatus

a. Airline flowmeter

b. Gas line flowmeter

Cc. Mixing Chamber

d. "Bleed-off" line
chamber through a Buchner funnel as described previously. To prevent a
buildup of gases within the chamber, an exhaust funnel was located over
each Buchner funnel. In use, these exhaust funnels were connected to a
pump, and were regulated by use of another flowmeter to exhaust air from
the chamber at a slightly faster rate than the air-gas mixtures were intro-
duced. For the one experiment in 1956 in which gases were used, two fun-

nels of the four were provided with air-gas mixtures at a rate of 100

liters per hour per funnel, one was a control with pure air at the 100
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liters per hour rate, and the fourth was also a control with no air passing
through it. The exhaust raté was 130 liters per hour per exhaust funnel.

For each 1956 experiment, posquitbes were captured with an aspirator
after they had engorged from a horse. These mosquitoes were then trans=
ferred to a conditioning cage measuring 18 X 18 X 18 inches constructed
from plywood. A "false floor" separated the cage proper from an 18 X 18
- X 4 inch ehamber where water evaporation trays were placed to keep the
relative humidity in the cage at about 75 fo 80 percent. This cage was
provided with a sleeve opening for manipulating the mosquiﬁoes, and glass
observation windows.front and back. For nutrients, the mosquitoe§ had
access at all times to Petri dishes contaiﬁing cellucotton pads saturated
with 10 percent sucrose solution. ‘The mosquitoes were conditioned an '
average of three days (rangé two to six days).

The mosquitoes were introduced into the olfgctometer and were left in
the olfactémeter for varying 1éngths of time (depending on the individual
tésts), usually until -all had dJ'.(lad,° The toweling was then removed from the
funnels and the eggs were counted under 13X magnification with a binocular
mic;roscope°

Due to low egg numbeis produced in this preliminary design chamber,

- it was decided to modify it for the 1957 work, with the idea in mind of
increasing the percentage of mosqﬁitoes that would oviposit in the test-
chamber.

For the 1957 work, the outside chamber was modified to gain better

humidity and temperature control. For a humidifying system a Minneapolis-
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Honeywell "snap-action® type human hair humidity coﬁtrol with a 2 percent
relative humidity differential was connected through a relay to control
a steam vaporizer unit. This unit discharged its vapor into the air ¢ircu-
lation system of the constant temperature chamber. For more precise cot
trol of temperature, the pressure control unit formerly used on the
refrigerator uhit was féplaCed with a special Minneapolis=Honeywell mercury
switch control, having a 1/2° F. differential. This was conhected through
a relay and motor stérting unit to the réfrigerétor unity, and it was found
that by conhecting the air circulation fan to run only when the refrigera~
. tor unit was running the temperature variationICOuld be held to a 1° or
1 1/2° F. ranges By removing the cover of the humidity control for better
air stream contact it was possible to‘control the-reiatiVe_humidity variae
tion to not more than 5 percent.

Another change in procedure for the 1957 work was replacemefit éf the
large conditiohing cage'used for the 1956 work with small streen top tagés
2 X 2 X 10 inches in size. The mosquitoes were trahsferrgd from the aspi=’
rator to these cages as they were caught, and then the éages were placed .in
covered refrigerator crisper trays foi the conditioning period. A piete
of water saturated cellucotton in each tray sufficed to keép relative hu-
_midity between 60 and 70 percent, and a éﬁall piece of cellulose sponge
saturated with 10 percent SUCroée solution was laid on the séreen top of
each cage to provide food and moisture for the mosquitoess This method of
conditioning the mosquitoes was found to bé superior to that used for the

1956 olfactometer testé because the mosquitoes had to be handled oﬁly two
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instead of three times as in the 1956 method. This led to a corresponding
drop in mortality over the 1956 work, but still a fairly large proportion
of the females captured died during fhe conditioning period, presumably |
from some slight injury from handling when the abdomen was diétended with
blood. .' ' . ' - ‘

Since many of the mosquitoes in the large chamber héd been observed
to sit quietly on or near the floor level of fhe chamber, . or at most make
only -short walks or flights, it appeared that many of thgm‘weré not conw
tacting the eievafed funnels; Accordinglyy because of this apparent laqk
of orientation to the wet cloths (except by accidental contact), a smaller
chamber measuring 40 X 11 1/2 X 6 inches was constfﬂcted in such a‘manher
that the cloths over the funnels were £lush with the floor of the chamber.
This was accomplished by cutting holes just slightly smaller than the di-
ameter'of the funnels in the sheet metal floor of the chamber, so that the ‘
chamber "rested™ on the funnels. Fig. 7. illUStrates this chamber. The
gas-metering and‘exhaust systems were essentially the same as were dés= .
cribed for the chamber used in 1956.

The modified chamber was found to betmuch.more effective than the
preliminary chamber in detting increased oviposition. However, since each
experiment reduired seﬁeral days and ohly one constant temperature chamber
was.a\.railable9 the design of the olfactometer chamber was modified again‘
so that more replicates could be accomplished in a given time. This was
done by building four small_"replicate“'olfaqtdmeter chambers 5 1/2 X

5 1/2 X 1 1/2 inches in size, each of which occupiéd a location in the
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outer chamber formerly occupied by a Buchner fﬁnneip Each of these“four
“replicate® chambers was in turn provided with four-small glass funnels

2 inches in diameter. ‘Fig, 8. illustrates these chambers. Since these
funnels were too small to allow placing water reservoirs under the funnel
cloths to keep the cloths moist, it was found necessary to supply water
to the d&mhs by means 5% cellulose sponge wicks from pint jars outside of
the chambers. The gas metering apparatus was modified forvthe§e “repli; '

cate" chambers by dividing the control air line and each air-gas chamber

. line into four smaller lines, one for each chamber. -The gas washing

bottles were replacéd with capillary inlet test tubes, similar to those

used by Wallis and Wilde (1957) in metering soil carbon dioxide extrace~

_tions. Each of the four olfactometer chambers was provided with four

funnels (three with air or air-gas mixture; péssing through them and one
control with no movement of air). One metering test tube was necessary
for each line cafrying air or air-gas mixture. By means of a tubing clamp
for aéjustment of flow, the metering test tube on each line was made to
perform as a flowmeter. This was done by adjusting the.tubing clamps on
eaéh metering‘test tube so that a like number of Bubbleg per unit of time
issued from each tube, thus the flow from eacﬁ air-gas chambér line could
be divided into four equal parts and introduced intq their respective fun-
nels in the'four olfactometér chambers., Figo'9 illustrates these metering
tubes in use, |

New-square exhaust funnels were ﬁad@ to fit the top of each "repiidate“

olfactometer chamber, otherwise the .exhaust system was the same as before.




Fig. 7. Modified olfactometer chamber used in 1957 tests.
a. Exhaust funnel
b. Olfactometer chamber
c. Buchner funnel
d. Constant temperature chamber heating apparatus

B
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Fig. 8. "Replicate" olfactometer chambers used in 1957 tests.

a. Olfactometer chamber

b. Exhaust funnel

c. Constant temperature refrigerator coils and fan




Fig. 9. Details of metering test tubes.

Since Beckel (1955) and others have demonstrated preference for dark
rough surfaces for oviposition in certain other mosquito species, several
types of cloth were used for the oviposition sites in the 1957 olfactome-
ter tests. These were as follows: brown toweling (rough, course-weave
muslin) experiment 1, gray toweling (same type of material as brown towel-
ing) experiment 2, brown corduroy (16 ribs per inch) experiment 5, brown
"knob" linen, experiment 63 white cotton plisse), experiments 3, 4, 7, 8,
and 95 and white "waffle-weave" pique, experiments 10 and 11.

In 1957, it was decided to experiment with hydrogen sulfide as another
possible oviposition stimulus. In the course of experimenting with hydro-
gen sulfide in the olfactometer chambers, it was discovered that over a
period of time small line leaks caused a buildup of this gas in the outer

(contant temperature) chamber to the point where it was thought it might
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be influencing the mosduifoes. Also legks from the pressure regulator on
the compressed hydrogen sulfide cylinder made working conditions in. the
laboratory hazardoﬁs, since this is a very toxic gas. Consequently a
special hydrogen sulfide exhaust chamber, measuring 36 X 36 X 36 inches,
was made to enclosé the cyliﬁder aﬁd all metering lines as well as one
olfactometer chamber. Thig special exhaust chamber was equipped with a
double centrifugal t“sirdcco") fan exhqyst bio_wer9 t§at removed the con-
taminated éir to the exferior of the ;aboratory, This blpwer; in connec-
tion-with stepping up the chamber exhaust funﬁel suctioﬁ, waé found to keep
the hydrogen sulfide level down to a workable ievel inside the exhaust
chamber, -although the odor of the gas was still discernable when the door
to the exhaust chamber was opened. Due to time and equipment limitations
it was not possible to install humidity and temperature controls in this
exhaust chamber. One of the four small "repiicate"‘olfactometer chambers
built for the constant temperature chémber-Wa§ used for the hydrogen sul=
fide experiments in this exhaugt chamber. Therefore,'jﬁst three- olfactome=
ter chamberé were used for the last two carbon dioxide and méthane experi-
ments in the constant temperature chamber. For these, all lines-Were
divided into three parts instead of four as previously described.

For all experiments‘carried out in l95f in the coﬁstant tehperature'
chamber (expériments 1-9) the temperature'rangé was 75° F. (plus or minus
1/2°) and the relative humidity range was 60 to 65 pefcent° In the case
'of the two expeiiments carried out in the hydrogen:sulfide exhéust chamber

(experiments 10 and 11) it was not possible to control the temperature and
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relative humidity. Therefore for experiment 10 the tempeiature range was
780 to 88° F, with the relativénhumigity range being from 30 to 60 percent.
For experiment 11, the temperature ranged from 70° to-80° F. and the rela-
tive humidity varied from 30 to 50 percent. All témpe;atures were records- -
ed by- Taylor maximum=minimum thermometers, and relative humidities weré
checked with a Fisher Laboratory Standard hygrometer°

The average number of eggs laid per female in the olfactometer tests
was relatively low, when compared with the number a female is capable of
laying., Therefore, it was decided to give those mosquitoes still in
*®healthy" condition at the cémpletion of each experiment a phance to ovi-
posit in a pint mason jar as described for the 55° F, test conducted in
1956. One of these "jar" tests was done for each experiment for experi-
ments 2 through 1l.

It was not~possiblé‘to use the same number of mosquitoes for each
experiment, since the availability of specimens was affected by the influ~
ence of weather conditions on cbllectingo Several consecutive days of
cool, cloudy, and windy weather -(a situation which was all too common)

" made collection of sufficient individuals for an experiment difficult.
Also, mortaiity varied between different ¥batches"™ of mosquitoes during
the conditioning period. This made it impossible to predict how many of
a group of mosquitoes collected several days beéefore Would gtill be alivé

and in suitable condition for an experiment.
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Results

Table IV shows tﬁe results of the 1956 temperature, humidity and
olfactometer experiments, As far as could be determined by observation,
little difference in the behavior of the mosquitoés could be noted in-
varying the relative hqmidities between 60 and 90 percent. It is realized
that no gradient was.available for preference in any one experiment, but
still no recognizable behavior differences were noted that could be attri-
buted to difference in relative humidity; One difficulty was encpuntered,'
however, in working with relative humidities of from 80 to 92 percent.
With the ‘increased amount of water vapor present in the air in this range,
condensation occurred within the olfactometer chamber, particularly on the
observation window. Some mosduitoes that flew against the window were
trapped in the condensation and some laid eggs during their struggles.
Temperature variation did cause an effect on the oviposition behavior of
the mosquitoes. The upper temperature limit at which oviposition will
occur was not determined, since there were eggs laid at 95° F., the highest
tehperature tested. .However, it was noted that mortality occurred quickly
at fhis temperature, and only a few of the mosquitoes in the test survi&ed
for more than 36 hours. The data in experiment 9, Table IV, indicate thét
A. nidromaculis females held at a temperature of 55° F. willznot oviposit,
and that this isy or is near, the lower limit of temperature for oviposi=
tion. |

At the termination of the 55° F. experiment the 45 surviving females

placed in the pint jar at room temperature began to show typical oviposition

h‘G |




Table IV. Results of 1956 experimental chamber tests.

_ No. ' Relative Egg Disﬁribution. . Av. No,

Exp. No. Duration Females Temperature _Humidity Funnels® OtherZ Eggs per

in Hours Used _Range _Range A B -C D Female
1 86 105  760~779 F, 63-66% - = - - - -
2 84 _ 55  749-790 F. 66-73% 135 32 108 25 54 6.4
3 94 50  790-850 F, 60-64% 21 109 72 196 - 8.0
4 74,5 . 50  769-790 E, 76-82% 6 1 8l 20 39 2.9
5 53 100  8709-90° F. 70-92% - .7 - 39 0.5
6 . 96 125 740-780 F. 72~84% - 13 52 123 52 1.9
7 96 50  7809-81° F, 80-86% 54 166 153 31 92 8.8
8 157 150 - 60° (£2° F.) 72-80% - 4 2 - 25 0.2
9 114 150 550 (20 F.) = 72-77% - - - - - _
10 148 150  720-78° F, 62-74% 198 90 8 - 135 2.8
11 96 150 950 (+1.5° F.) 79-87% . 27 326 125 105 36 4,1
123 60 75 850 (+1.,5° F.)  82-85% 37 115 105 48 - 4.1

'Funnels were identified (A, B, C, D) left to right in the chambe.

2"Other" indicates eggs laid within the chamber ét.other locations than the funnel cloths;

i.es; on the sugar solution pads or moist areas resulting from condensation of atmospheric
moisture, etc. » '

3EXperiment 12 was an olfactometer test utilizing the followin
Funnel A - 2:1000 methane-air mix at 100 liters/hr.
Funnel B - 231000 carbon dioxide-air mix at 100 liters/hr.
Funnel C - control-air flow.at 100 liters/hr. - =
Funnel D -~ control-no air flow
Exhaust rate 150 liters/hr./funnel

g test substances:
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behavior almost immediately, and within thirty minutes after being placed
in the jar several of the mosquitoes were seen in the act of ovipositing.
Within two days a total of 3,44l'eggs were laid in the jar or an average
of 76.4 eggs per female. This indicates that the mosquitoes held at 55° E.
were either incapable ofy or refused to initiate, the act of-oviposition9
even though they contained well matured eggs ready to deposit. The 1956
‘gas experiment data is discussed with the 1957 data.

The results of.the 1957 olfactometer tests are shown in Table‘V, As
can be seen from the column *Av. No. eggs-per female in testy™ there were
considerable increases iﬁ egg numbers laid in the 1957 olfactometer cham-'
bers, when compared to the 1956,experiméntal chamber results shown in
Table IV. However, it is apparent from these data that something was still
lacking to bring about complete oviposition since large numbers of eggs
were laid in the "jar" tests condﬁcted with the survivors of the experi-
ments. Cbservation of the mosquitbes“ behavior when in these jars indi-
cated that the almost immediate oviposition activity noted may be the
result of the close association of individuals in the jar. The jostling
that resulted when the mosquitoes collidéed with each other in the small
confines of the jar seemed to prevent them from lapsing into a quiescent
state. (This state was often noted in the 61factometer-9 in which an indi-
vidual would just perch on the side of the chamber for hoéurs$ at a time
without moving.) The stimulus for complete oviposition was apparently
still lacking though, because many of the mosquitoes that died in the jars

still contained eggs. :




Table V.

1957 Olfactometer Tests

* Experiments 7-9 were conducted in the small "replicate" olfactometer chambers.

** In the “"replicate" olfactometer and hydrogen sulfide tests, "No. of Females Used"

refers to the number in each of the "replicate" chambers.

*#* Experiments 10 and 11 were conducted in the hydrogen sulfide exhaust chamber.

Concentrations Egg Count - By Choice Offered Experiment "Jar" Test
Exp. Duration No. of and Flow Rate Flow Rate 99 SR By Choice Av. No. p ar" Tests
No. in Females of Test of Exhaust in Eggs per
Hours Used Substances in Liters per Hour Methane Carbon Dioxide Control-Air Flow Control- Female No. of No. of Av. No. Eggs
1itere ner Hour No Air Flow In Test Females Fggs laid per Female

1 107} 150 1 percent <100 1. 2459 1644 2744 1072 52.8 - - -
at 35.4 1.

2 136 94 5 percent 200 1. 637 818 825 787 32.4 31 1,827 52.0
at 100 1.

3 96 100 10 percent 10C 1. 576 1312 620 535 30.4 43 2,939 68.3
at 50 1.

4 96 200 10 percent 100 1. 574 492 729 254 10.2 189 5,868 31.0
at 50 1.

5 72 250 20 percent 50 1. 1328 2075 2639 976 28.1 218 12,121 56.6
at 25 1.

6 96 100 1 percent 50 1. 554 919 284 619 23.8 82 7,768 94.7
at 25 1.

T 72 S50%* 1 percent 3 1. 389 274 259 205 234 398 214 219 270 214 210 320 323 398 238 223 21.3 136 7,102 52.2
at 6.2 1.

8 g6 30 50 percent 20 1. 326 272 79 - 261 351 193 - 380 201 238 - 329 234 144 - 33.5 S0 2,701 30.0
at 8.4 1.

9 96 50 100 percent 20 1. 451 288 213 - 312 245 136 - 425 440 460 - 260 209 402 - 25.6 96 2,958 30.2
at 4.2 1.

Control-
Hydrogen Sulfide Hydrogen Sulfide Control-Air Flow o Air Flow

10%e% 96 50 1:4,000 180 1. 7 43 46€ 253 15.3 19 1,210 63.6
at 18 1.

11 120 50 1:20,000 180 1. 222 60 49 76 8.1 27 1,347 49.9
at 18 1.
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Examination of the data obtained from the edg counts, show no dis-
cernible pattern of either oviposition preference or avoidance of the
funnels having methane or carbon dioxide flow passing through them. This
was true even for experiment 9, Table V;'in which these gases were used ‘
undiluted. ‘
Hydrogen sulfide, on'the.other hand, produced pronqunced behavior

reactions. The first time the use of hydfogen sulfide was attempted in
an olfactometer experiment was at a'conceﬁtratiqn of 1/2 percent, (This
experiment is not shown in Tablg V..dué to the fact that it.was never
completed.) This concentration was far too great and was so toxic that
all the mosquitoes in the olfactoﬁeter chambers.were incapacitated within
five minutes, and approximately half of them were killed. One interesting
thing about this incident was that many of the mosquitoes ejected masses
of eggs from their ovipositors just prior to cessation of struggling.
Even some of those overcome by the gés while on the metal surface of the.
cage floors exhibited this behaQior,'which was apparently merely a death
stress reaction, as described by De Coufsey and Webster (1952),.and was
not connected with a usual oviposition stimulus response. A concentration
_ of one part hydrogen sulfide to 4,000 parts of air (experiﬁent 10, Table
V), while not lethal to the mosquitoes, did produce an avoidance reaction
which was observea on several occasions. When a mOSquifo would tome into
contact with the wet cloth covering one of the hydrogen sulfide test fun~-
nels, she would immediately show sign of discomfort and would quickly movei

off of‘the cloth. The egg counts show a total of only 50.eggs depoéited
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on the two hydrogen sulfide test funnels as opposed to 719 deposited on
the two control funnels. Furthermore host of the 50 that were deposited
on the hydrogen sulfide funnels were in a “clutch" ejéctéd from a female
that died on the cloth of one of the funnels. ' Apparently this mass expul-
sion of her batch of eggs was a death stress reaction similar to that dis~
cussed previously. | | |

At a qoncenfration of one part hydrogen sulfide to 20,000 parts of
air (experiment 11, Table V) this avoidance reaction was not noted, and as
a matter of fact the largest number of eggs deposited on a tést funnel
happened to be on a hydrogen sulfide funnel. Apparently the hydrogen sul~
fidé’does not repel the mosquitoes at this low a concentrationy nor do the
data indicate any attraction éither. It is true that 222 eggs (the most
laid onh any funnel in the test) were laid on one of the hydrogen sulfide
funnels but only 60 were laid on tﬁe replicate hydrogen sulfide funnel,
This indicates the apparent random deposition. Apparently a single female
laid a large clutch which accounted for most of the 222 eégs on the one
hydrogen sulfide funnel.

.The use of different cloth types and colors for oviposition sites
apparently made little difference to these mosquitoes as far as affécting
oviposition goes. Further tests with these differences in color and tex-
ture of substrate, which are reported in the section dealing with individual
isolations in comparison vials, also indicated that these factors are not

of importance in choice of an oviposition site in this mosquito species.
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INDIVIDUAL MOSQUITO ISOLATIONS
Methods:

This work was begun in the summer of 1956 to obtain information on
the time necessary for A. nigiomaculi;'females'to mature eggs after a
blood meal, and to find the approximate range in numbers of eggs produced
by each female. Individual females were isolated in fials as:described
by Mail (1934),

These vials were 1 1/2 inches in diameter and 3 1/2 inches high.
Each was provided with a layér of cellucotton in the bottom which was kept
saturated with distilled wéte;. A piece of‘white filter paper was placed
over this to provide an oviposition surface. For food each vial was pro=
vided with a raisin suspended on an insect pin to prevent juice from con-
taminating the filter paper, and a twig to providela "roost®™ for the
mosquito. The raisins were changed every other day to prernt mold for-
mation. The vials were stoppered with cotton to allow some evaporation
and to prevent condensation of water vapor on the walls of the viais,
Periodically the filter papers were remoﬁeé'énd any eggs present were
counted with a binocular microscope. In all cases; following the death -
of esach mosquito, the abdomen was dissected under 13X.magnificat10n and
all of the unlaid edgs counted. ‘

During the summer of 1957, this isolation procedure wa& modified to
gain information about the ability of a female A. nigromacﬁlis to choose
betwween solutions of different pH, and also to choice between types of
substrata. SfraigthSideq plastic vié;§ 1 1/4 inches in diameter and 3

»
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ipches deep were used. To keep the substances separated, two water-tight
cups were made by forming heavy aluminum foil around a woodén form. Fig.
10. shows these vials as'they were used, The use of a raisin in each vial
waS'discontinued, because even with.an alcohol dip treatment, fﬁngus
growth from spores on the raisin occurred quickly. As a food source 10
percent sucrose solution was offered on a cotton wad wrapped on a tooth
pick and éuspended by a thread. K This prevented sugar solution contamihan
tion of the test substances, and was'fouhd to bé a satisfactory method of
feeding,

The mosquitoes for these tests were blood-engorged femaies captured .
from a horse, and conditioned for an average of 5.2 days (rangé 1-11 days)
prior to introduction into the vials° Conditioning wagtdang in small
screen top_cagés measuring 2 X 2 X 10 inches in the manner described in
the olfactometer tests methods section.

Alkalinity tests were made of river water,lirrigation water diverted
from thé river, water that had been on a field for several days, and wet
soll from several locations in a field. These tests were méde with a
cresol red - phenol red indicator kit of a type used for testing city water
supplies. 'The alkalinity range was found to be from pH 8.3 for some soil
surface samples to abou£ pH 7.0 for some stagnant field water samples.
Records obtained from the Chinook, Montana city water engineer showed that
£he river water pH varied from 7.4 to 8.4, depending on‘hqw much irrigation
return, rich in'dissolved s0il salts, Was being discharged into the river"

upstream,
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Fig. 10. Substance comparison vials used in 1957.

Accordingly, it was decided to test the ability of the ovipositing
females to distinguish between differences in alkalinity in a range of
pH 6.6 to 8.3, and to also see if there was some substance present in the
field soil, or irrigation water which was possibly influencing the choice
of oviposition sites. Table VI, shows the various test substances used,
as well as the “"texture" test materials used to test if mechanical varia-
tions in the surface of the substrate influenced oviposition.

Unless otherwise specified, the test solutions were introduced from
a pipette into a pad of cellucotton cut to fit the shape of the test cup
and extending to within about 1/8 inch below the edge of the cup. A
separate pipette was used for each solution to avoid contamination. ‘A

new cellucotton pad and new solution was used for each mosquito. With the
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Table VI, Substances used in conipa¥ison vials = 1957.
Code
Substance . Symbol .. Remarks .
pH 6,6 Solution 6.6 A buffered sodium phosphate =~ citric acid
: solution.
pH 7.0 Solution 7.0 A buffered 8odium phosphate - citric acid |
o ' solution,
pH 7.6 Solution 7.6 A buffered sodium phosphate - citric acid
solution.
Distilled Water Dis, pH 7.0(H. Used in all ¢ups.unless indicated
' otherwise.
Tap Water Tap Froft Chinook water systeft = pH 7.2
pH 6:6a Solution 6.6a An unbuffered solutien preparéd from dis—
tilled water ahd sufficient 2N Hp804 solution
' to achieve thé desired pH.
pH 7.0a Solution 7,08 An thbuffered solttien prepared from disw
: tilled water and sufficient 2N HpS04 solution
(only about 2 drops) to achieve the desired
: . PHo
pH 7.6a Solution 7:6a An unbuffered solution prepared from dis=
tilled water and sufficient 2N NaCH solution
t6 achievé the desired pH.
Field Water Fld. .From a field 6 miles NsW. of Chinook. Had
L been standing several days - pH 7. 8 .
Ditch Water Dit. From irrigation canal 6 mlles N:W. of -Chinook
, (taken Augs 15, 1957) = pH 7.8
Steéerilized Water S.W. Above ditch Water but b01led for 5 minutess
pH 8.3 Solution 8.3 Ditch water (takenh Sept. 9, 1957)
pH 6.6b Solutionh 6.6b 8.3 Ditch water and sufficient 2N HpSO0y to
. achieve the desiteéd pH.
Tooth Picks T.Ps Four short lengths of tooth picks placed up=
right in thé cellucotton of orié cup to simiim
\ laté grass stems ag perchéss
Filter Paper F.P, Filter paper placed ovér the cellucetion ifi
. . a cup. ,
Cellucotton C.C. Cellucotton in 4 cup = ro filtér papeéd on it.
Brown Toweling B,Ts  Rough, coarseé, unbléached muslin éloth.
White Pliss¢” W.Ps  Crinkléd cotton crepe eleth.
Brown Cordiiroy BsCs  Dark brown corduroy cloth = 16 #ibs per inch.
Soil si, et soil from surface of field 6 milés N.W.
‘ of Chinook = pH 8.0, Goverad with filter
' paper.
Sterilized Soil 8.5, Same soil but heated 30 minutes in 500° F.
. ' ovén., Covered with filtsr papezr.
Sahd - &d., "B.B,#~sized washed quirtz particles spread

on filter paper to pEOVLde unéven surfice.
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exception of the "texture" tests the cellucotton was covered with filter
paper. The soil and the field and ditch water tests were undertaken to
see if there was any substance, in solution or evolved as a gas, that was
possibly bacterially produced, and which might be affecting oviposition
choice, Experiments 37 and 38 were designed to test whether or not the
filter paper itself was ihflﬁencing oviposition, and also to determine
whether or not an upright "perch® (as would be provided in nature by grass
stems) was a stimulus to ovipositioh. To simulate the grass stemé, four
short léngths-of toothpick were inserted into the cellucotton of one cup
in each vial (see left vial-in Fig. 10). In experiment 38 all cups‘were
"covered with filter paper, while in experiment 37 the cellucotton was left
uncovered. The different types of cloth were used to determine if differ-
ent colors or textures of surface affected oviposition.

All mosquito transfers wefe accomplished by the use of a glass aspi-
rator, and care was taken to avoid use of any mosquitoes that appeared to
be injured in any way. All conditioning and all tests were d&ne in a
laboratory where the temperature range wés from 65° F. to 85° F. No
special attempt was made to regulate lighting which was artificial light
supplemented by some natural light from windows during the day, ahd dark=-
ness at night. |

‘ 1 Each vial was observed three times a day, and éach_individual test was -
concluded only with the death of the mosquito. The cups were {hen removéd,
the eggs counted,'and the mosquito was dissected to determine the number of

eggs remaining in the abdomen at time of death. Due to .time limitations it
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was impossible to count the individual edgs in each post mortem, so a
visual estimation of the number of eggs was made, and recorded as‘"none"g
"few®, "some®, or "many".

Several individuals from each estimation class were set aside for
accurate countihgy, and it was found that in these the egg'range in the
"few" class was from 1 to 17 eggs; in thé "some" class 19 to 61 eggs and
in the "many? class 72 to 181 eggs.

Results

Table VII. shows the results of the 45 individual isclations made in
1956. Only four (or 8.9 percent) of the 45 showed no egg develbpmént at
all. Ten {or 22.2 percent) of the remaining 41 developed eggs, but did
hot lay any, retaining their clutches in their abdoﬁén until death.
Thizty-one (or 68.8 percent) of the 45 deposited eggs. OF ‘these 15 (ér
33.3 percent) laid their eﬁtire clutches and 16 (or 35.6 percent) retained
some (range 5-190) eggs in their abdomens. Of the 41 that either laid eggs
or had ‘eggs in ‘their abdomen at death, or both, the average number of eggs
found was 127,6 (range 2-225), but counting only the eggs actually laid
the average was 9405 (range 1-225) for "the 31 females participating. The
shortest time after the blood meal that passéd prior to oviposition wag
36 hours and the longest was 384 hours (16 days). The average length of
life after capture was 13.6 (range 3.3/4 to 28) days;

Since these mosquitoes were captired wild; there Was no assurance that
all would be oapable‘of ovipo$ition because some mav:havé oviposited befolre

capture or may not have mated. However, the above figu¥es show that about




Table VII. Results of 1956 individual female isolations,

No. Days Lived Hours After Blood No. Eggs Eggs Retained Total Eggs

After Capture Meal to Oviposition __ Laid at_Death per Female'

5 - - - -

8 o L - -

8 - - - -
28 - - o ~ -

5 1/2 - - 13 13
16 - - 92 : 92
18 - - 126 . 126

8 1/2 - - 56 56

4 1/2 - - 101 101

7 - - 175 175

7 - ~ 26 26
18 - - 138 138
27 - - 175 175
21 - - 181 . 181

6 36 97 5 102

5 1/2 72 27 37 - 64
15 1/2 77 187 - 187

3 3/4 BT 31 51 82 -

8 96 112 = 112

5 1/2 100 . 3 40 . 43
27 120 S155 . - 175

5 120 7 150 157
i1 120 103 - 103

5 120 38 R 7) 50
7 150 100 S = 100
21 150 86 4% 127
18 168 © 144 35 179
10 , , 180 136 - 136

9 1/2 185 : 129 30 159

8 187 ° 114 - 114
28 - 192 195 - 195

9 1/2 o210 93 64 157
1% 1/2 240 -8 161 169
15 280 1 190 )
13 288 80 45 125
21 290 59 - - B9
21 300 167 - 187
1% 312 49 75 224
15 ' 336 169 - 169 -
15 355 . 158 - . 1B8
16 1/2 360 99 111 216
20 360 2 - u 2
20 360 225 “ 225
25 360 71 . = 71

17 384 84 51 135
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90 percent of fhe mosquitoes obtéined in thisé way can be expected to pro=-
duce at least some eggs. Approximately one~fourth of the mosquitoes
refused to oviposit even thbugh their eggs wére weilﬁdeveloped at the time
of their death. This suggests the possibility that some stimulus other
than the presence of Qater may play a part in inducing oviposition,

Table VIII. shows the results obtained from the 276 females isolated
in thé 1957 comparison vial,.experiments, arranged by the 44 choices offer=
ed. The number of females 6;fered each choice in individual vials varied
from 1 to 17. It is realized that too few tests of certaih choices were
included to be of comparison value. These results were included because -
these data form a part of the totals obtained from the entire series. The
terms ®viable®” and "inviable" were used to designate the conditions. of the
" eggs upon ovipositions The inviable eggs were ‘thosé which failed to
attain normal pigmentation. Quite often these eggs were not turgid and
some were deformed and smaller than the normally pigmented "viable® egg.
Apparently all non-pigmented eggs were “inviable", since representative
samples set aside for hatching trials showed no. hatchy, while the normélly
pigmented eggs showed a high percentage of hatch. Woke (19535) noted &imi-
lar defective eggs in A. aegypti.

The'number of eggs laid in these tests varied from 1 to 228, For purw
poses of comparison it was arbitrarily decided to group thoseé mqsqditoes
laying 1-10 egés9 11-25 eggs, etc., as designated in Table VIII. The
“visual estimation class” columns refer to the post mortem examinations

‘which are explained in the methods section., The last column in Table VIIT




Table VIII.

Oviposition results from 27¢ females isclated in comparison vials -

1957

Fercent Percent of Females Laying:

Percent of Females layings

Pc 4
rost

Mortem E

Exp. Choice No. In Laying Only Only Viablse & ‘ ) e - Condition by Ferca
No. Uf fered Test No Eggs Viable Inviable Inviable 1-10 11-25 206-50 51-7% 7¢-100 101-15C H1 =260 )
Eqgs Eqgs Eqgs Egqs Egags Eycs Eqggs Eqas Eqcs Eqgus None Few Scue

1 7.0 =7.6 10 30.0 10.0 60.0 - 50.0 - - - - 20.0 - C.0 - 20.0

2 7.0 -7.0 7 28.6 - 57.2 28.6 14.2 - - 42.€ 14.2 - - - 14.3 -

3 6.6 -6.6 o 20.0 - 40.0 40.0 20.0 - 2C.0 - 20.C 20.0 - - 20.C 2C.0

4 7.6 =7.0 10 50.0 10.0 40.0 - 10.0 10.0 10.C c.0 10.0 - - 10.¢ 10.0 20.0

5 9.6 =7.6 & 25.0 - 37.5 37.5 - 25:0" 13FD. . 12:6 - - - 12,5 = -

6 6.6 =7.C 8 375 - 50.0 12.5 12.5. 12,5 12,5 12.5  12.5 - - 25.0" 25,0 12:5

v 7.6 -Dis. 9 11.1 66.6 - 22.2 1131 - 33.3 | 22.2 - 11.1 11.1 8.9 - -

8 7.6 ~Tap 3 33.3 33.3 - 33.3 - - - 333 - - 33.3 66.6 = -

9 7.0 ~Tap 4 - 25.0 - 75.0 25,0 50:0 - - - 25.0 - 5.0 = -
10 7.0 -Dis. 2 50.0 - - 50.0 - - - - 50.0 - - 50.C =~ -
11 6.6 =Dis. 6 33.3 16.6 - 50.0 - 16.6 - 33.3 - 16.6 - 50.0 =~ -
12 6.6 =Tap 5 40.0 20.0 20.0 20.0 20.0 - 2€.0 - 20.0 - - - 20.0 -
13 7.6A=7.6A 8 50.0 50.0 - - 37.5 - - - - 12.5 - 25.0 - -
14 7.6A-7.0A 6 66.6 16.6 - 16.6 - - - - - 16.6 16:6. 43323 . = 1.5
15 0.6A-0.6A 4 25.0 50.0 - 25.0 25.0 - - - - 50.0 - 75.C = -
1o 7.0A-7.0A 2 50.0 50.0 - - - - - - - 50.0 - 50.0 =~ -
17 6.6A-Tap 2 '50.0 50.0 - - - - - - - - 50.0 3200 - - -
16 6.6A-Dis. 1 - 100.0 - - - - - - 100.0 - - - - -
19 7.0A-Tap 3 33.3 33.3 - 33.3 33.3 - 33.3 - - - - 33.3 - -
20 7.CA-Dis. g 66.6 33.3 - - - - 33.3 - - - - 66 = -
21 6.0A=7.6A 4 50.0 25.0 - 25.0 - 25.0 - - 25.0 - - - 50.C 25.0
22 ©.0A=7.0A 7 57.1 42.8 - - - - 14.3 - - 14.3 14.3 42,9 - -
23 7.6A=Dis. 4 50.0 50.0 - - - - - 25.C - 25.0 - 25.0 = 25.0
24 7.6A~1ap 5 - £80.0 - 20.0 - - - 20.0 60.0 20.0 - 80.0 = 20.0
25 S.W.~Fld. 12 25.0 5C.0 - 25.0 16.6 - 8.3 - 16.6 25.0 .3 33.3 - 8.3
26 Fld.-Dis. 14 28.6 42.8 - 28.6 Tl 7.1 14.3 14.3 7.1 14.3 T.1 307 5123, -
27 Dit.-Dis 17 41.2 47.1 - 11.8 5.9 - 17.6 - - 26.4 249 - 5BE - 17.6
2t Dit.-~Fld. 14 21.4 42,6 - 35.7 Ta1 T.1 14.3 7.1 7.1 2l.4 18:30 57,1 A4 =
29 Tap -Tap 6 50.0 33.3 - 16.6 - - - - 16.6 16.6 16.6 66.6 =~ -
30 Dis.-Dis. 7 28.6 42.8 - 28.6 - - 4.3 14.3 - 14.3 26.0 7l.4 = -
31 0.63-0, 68 3 66.6 - - 33.3 - - - 33.3 - - - 33.3 33.3 -
32 6,6B-8.3 9 66.6 22,2 - 11.1 11.1 - 11.1 - 11.}) - - 50D = 1161
33 8.3 -bis., 2 100.0 - - - - - - - - - - 50.0 = -
34 6.6B-Dis, 4 25.0 75.0 - - 50.0 - - 25.0 - - - B0 - -
35 8.3 -8.3 1 100.0 - - - - - - ~ - % s 3 =1 %
30 $.68-Tap 1 100.0 - - - = - & = e = e ) " K
37 T.F.=C.C. <) 20.0 ©0.0 - 20.0 20.0 40.0 - - 20.0 - - 00.0 40.0 =
38 T.P.-F.F. 10 40.0 40,0 - 20.0 - - 30.0 - 30.0 - - 30.C =~ -
39 B.T.=F.F. 4 50.0 50.0 - - - - - 25.0 - 25.0 - 30.C - -
40 W.P.-F.F. 2 50.0 50.0 - - - - 50.0 - - - - - - -
41 B.C.-F.P. 3 33.3 33.3 - 33.3 - - - 33.3 33.3 - - 666 - -
42 §.5.-51. 15 20.0 73.3 - 6.6 - 6.6 . 266 13:3 -20.0 13.3 - C6.6 = 6.0
43 Sl. -Dis. 14 7.1 71.4 - 21.4 21.4 7/ ! 71 2l1.4 14,2 14.2 Tel 64.3. 7.1 - =~
44 Sd. -F.P. i/ 28.6 ST - 14.3 28.6 - - 28.6 - 14.3 - 71.4 - -

—67—
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shows those females that laid no eggs and héd no eggs in their abdomen at
post mortem. , |

Of the total of 276 females tested, 95 (or 34.4 percent) laid no
eggs. One hundred and six (or 38.4 percent) of theltotal laid only viable
eggs, 23 {or 8.3 percent) laid only inviable eggs, and 52 (or 18.8 percent)
laid both viable and inviable eggs. Comparing the number of eggs laid per
female, 31 (or 11.2 percent) laid from one to ten eggs, 14 (or 5.1 percent)
laid from 11 to 25 eggss 32 (or 11.6 percent) laid from 26 to 50 eggs, 28
(or 10.1 percent) laid from 51 to 75 eggs, 27 (or 9.8 pércent)_laid from
76 to 100 eggs, 34 (or 12.7 percent) laid from 101 to 150 eggs, and 14 (or
5.1 percent) laid from 151 to 228 eggs. As cah be seen from these figures,
theré was rather even distribution in the number of eggs laid, making it
difficult to arbitrarily arrive at a satisfactory figure which could be
called the "average number of eggs laid".

Considering the post mortem ovary conditions, 122 (or 44.2 percent) of
the total had no eggs, 17 (or 6.2 percent) had a few eggs, 16 (or 5.8 per=
cent) had some éggs, and 119 (or 43.1 percent) had many edgs in their ab-
domens. These figures represent the respéctive visual estimation classes
"none™, “few"g “"some", and "many”. From these results it would appear
that in the majority of cases, once an individual started laying her eggs
she " tended to continue until her supply was éxhausted, in a sort of "all-
or-nohe® action, Nineteen (of 6.9 percent) showed no &gy development,
having laid no eggs and showing none in post mortem examinatioh. Sub=-

tracting thése 19 females from the 95 not laying egds gives a total of 76

©
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(or 27.5 percent) of the mosquitoes which developed eggs but refused to
oviposit, |

The analysis of all data obtained on the -influence of the various pH,
soil, water, and "texture" choices revealed no discernible effect on ovi=
pbsition behavior with the exception of the buffered sodiuﬁ phosphate~ |
citric acid solutions. Table IX. shows the egg distributions of the indi-
vidual mosquitoes that.laid eggs in these buffered pH solution experiments
compared with a test using distilled water. . It can be seen that when a
female had only the buffered solutions to choose from,'she laid ver§ few
(if any) viable eggs, and that when she had a choice between a buffered
solution and either distilled or tap water; a definite avoidance of the
buffered solution was demonstrated. .Figure 11l. illustrates a typical
avoidance of a buffered solution. The two cups marked 9A and 9B were from
a vial comparing the unbuffered pH 6.6 (code 6.6a) solution (cup.A) with
tap water (cup B). As can be seen, the female in this vial laid eggs
freely on both cups. The two cups marked 10A and 10B were from a vial
comparing the buffered pH 6.6 solution (cup A) with tap water (cup B). It
is evident that the female in this vial clearly avoided the buffered pH
6.6 solutionvwhen depositinglher eggs. This avoidance is especially evi~- |
dent if the viable egg totals of Table IX. are compared. In some cases
eggs-were laid on the buffered solutions but these eggs were largely invi-
able. The possibility exists that the substances in the buffered. solutions
were toxic to the hgwly depogited eggs, thus causing them to be inviable.

However, since some viable eggs were laid on the buffered solutions, it
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Egy distribution in buffered pH solutions (experiments 1-12)

compared with distilled water (experiment 30) as a control.

Cup A Cup B No.

7.6

L]
W
L]
[
(]
(]

7.0

(]

: "
M o

[

6.6

6.6
1
114

Ky

6.6

[}
(1]
1]
[

Treatment Mosqg. Cup A Cup B Treatment Mos4g. Cup A Cup B
Uk % Yy T¥  Cup A Cup B No, V¥ T y#¥ T#
7.6 1 - - - 2 6.6 Dis. 1 14 25 99 2
w. 2 - 67 - 46 * * 2 - 6 69 -
1] 3 - 4 - - @ e 3 A - 9 -
A 4 1 - - - .o 4 3 2 .63 .z
. 5 - 63 - 59 Total 21 40 240 2
" 6 - 7 - 4 6.6 Tap 1 1 2 - -
0 7 = ___l_ - __.J-. " Rl 2 - 6 44 4
Total 1142 1 112 A w 3 e o= 86 =
7.0 1 - 46 1 19 : Total 0 B8 130 4
n 2 - 13 - 2 7.0 Dis, I = 30 b2 9
3 ~ 39 ~ 25 Total 0 30 52 9
w 4 5 58 4 26 7.0 Tap 1 = - 12 -
" 5 = 80 .= _45 oo 2 - 13 4 =
Total 5 86 5 117 w. w 3 - - 1 1
6.6 1 - 4 - - ww 4 3 20 84 2
" 2 2 43 9 30 Total 3 33 101 3
w 3 - 4 - 29 7.6 Dis. 1 3 - T2 o~
" 4 _9 62 9 32 " # 2 1 42 60 17
Total 11 113 18 91 A " 3 10 21 32 =
7.0 1 - -34 - 30 " o 4 13 - 32 -
w 2 - 48 -~ 3l " " 5 5 - 178 -
o 3 - 13 — 6 " i 6 1 . - - -
an 4 6 . — o 1) [1] 7 1 — 29 -
: 5 = 4 = 8 oo 8 . .z A0 =
Total 6 136 0 75 Total 34 63 443 17
7.6 1 - 17 - 1 7«6 Tap 1 1 70 84 6
L 2 - 14 - 19 [1] (1] 2 3 = —“5‘% =
v 3 - 37 = - Total 4 70 136 6
" 4 6 34 2 12 Dis. Dis. 1 72 - 113 -
4 5 1 2 15 22 b v 2 74 2 84 -
#. 6 5 2 = 5 W 3 33 1 36 -
Total 12 130 17 59 u b 4 103 w12 -
7.0 1 - 14 - = " " 5 12 .= 19 .=
# 2 - 48 - 2l Total 294 3 264 0
u 3 - 19 - 9
" 4 - 1 b - * I = Inviable
" 5 .2 53 .2 2L ¥V - Viable
Total 2 135 2 5l

No, Eggs Laid

No. Eqgs laid
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Fig. 11. Typical oviposition avoidance of a buffered pH solution,

would be necessary to postulate that there is differential resistance to
toxicity between different eggs in the same batch, which can not be deter-
mined from these data.

Table X. summarizes the effect the buffered solutions had on egg
viability. The material is presented as the percentage of mosquitoes in
each treatment group which laid eggs in each egg number group. The "treat-
ment groups" were the "buffered group", (experiments 1-12) and the "non-
buffered group", (experiments 13-44)., For example, 9.8 percent of the 77
mosquitoes involved in the buffered solution tests laid from 1~10 inviable
eggs only, and so on. Looking at the totals column of this table it is
seen that 29.9 percent of the 77 mosquitoes in the buffered solution tests

laid only inviable eggs, while in the non-buffered tests none of 199
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Table X, Compa;ison of edg viability as affected by type of ‘treatment.

Expressed as percentage of mosquitoes tested in each treatment¥

No. of Eggs Laid
1-10_11-05 2650 51-75 76=100 101-150 151-228 Totals

Inviable Only A . .
Buffered 9.8 9.8 5.2 5.2 1.3 2.6 - 29.9

Non=Buffered - - - - - - -

Viable Only

Buffered 3.9 2.6 3.9 2.6 1.3 - 1.3 15.6
Non=Buffered 9.0 1.5 10.0 5.5 7.5 12,1 1.5 47,2
Both Viable ‘ y
& Inviable . L
Buffel‘ed 103 103 206 708 . 402 =>5°2 1.3 2407
Non=Buffered 0.5 2.0 1.0 2.5 2.0 - 4.0 4,5 16.6

% 77 females in buffered ekpefiments
199 females in non-buffered experiments

mosquitoes .involved laid only inviable eggs. Another definite effect can
. be seen in the percentages producing only viable eggs in the buffered ahd
non=puffered test groups. These pércentages were 15,6 percent_and‘47;2
percéht 'respecti\iely° The percentages producing both viable and inviable
éggs in the two groups were 34.7 percent for the buffered group and 16.6
percent for the noh-buffered group. Thus it can be seén that more irviable
eggs were produced on the buffered pH than on the non-buffered solutions,

An examination of the results obtained from the distilled water vials
shows the apparent random distribution of eggs, with no consistent pattern
of choice of one cup over the other. This exberiment with distilled water
in both cups was of course desigﬁed as 4 control, but the random distribu-

tion noted here was characteristic of all other choices with the exception
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as has already been mentioned, of the buffered pH solutions. For this
reason tables presenting the details of the other experiﬁents have been
omitted.
Certain data arrived at from the 1956 individual .vial isolations and
the 1957 comparison vial isolations showed comparable results. Table XIo

presents this material.

Table XI. Comparison of 1956 and 1957 isolation test findings,

Percent* of Mosquitoes that:

Oviposited Range in
Year Developed Developed Eggs But Retained Oviposited Number of
No Eggs But Refused Some" Eggs All Eggs Eggs Produced
to Oviposit in Abdomen
1956 8.9 22,2 35.6 33.3 2-225
1957 6.9

27.5 27,9 22,5 . 2-228

¥ 1956 - 45 mosquitoes tested
1957 ~276 mosquitoes tested
From this it can be said that with the conditibns under which the tests
for these two years were made, approximately one=fourth of the mosquitoes
tested refused to oviposit, even thbugh they retained fully developed eggs
in their abdomens until death. This, taken with the fact that 16 (or 35.6
percent) of the 45 mosquitoes tested in 1956'and 77 (or 27.9 percent) of
the 276 mosquitoes tested in 1957 laid only part of the eggs they devel-
oped strongly suggests that some ovibosition stimulus was lacking. Since
all of these mosquitoes were provided with a surface similar in moisture
at least to that on which théy oviposit in n&tureg it would appear evident

that the presence of water alone is not a sufficient stimulus (although: it
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has been proven to be sufficient in certain gther Aedes species) to induce.

complete (or even partial) oviposition in mény individuals.

\

FIELD AIR SAMPLING
Methods

To obtain some data on rate of production of carbon dioxide, methane

_ and hydrogen sulfide in the field; air samples were collected and analyzed.

The technidque used was modified from that‘uéed by Wallis and Wilde (1957)
in their determination of carbon dioxide evolution from forest soils. For
the collection of these field air samples, galvanized metal Sampling Fune~
nels 6 X 8 inches-wére‘used,_ | |

A typical western whéatgrass meadow oviposition site area was chosen
for the test. This field had been irrigated in a manner commonly used in
the Milk River Valley: water had been turned on the field and allowed to
stand for approximately thirty days. During this time a very heavy pro-

duction of A. nigromaculig larvae (as well as chef Aedes species) had

occurred. At the end of the irrigation period, the owner had drained off
as much water as possible. However, several low areas in the field coph
tained pools of water (see Fig. l.) which were left to evaporate, thus.'
producing ideal oviposition sites. |

For collection of samples, four.locations on or near this fiéld were
chosen., One was on the mud bgnk of the haiﬁ irrigation ditch supplying
water to the field. Repeated obsérvations had indicated that no ovipo=-

sition took place in this ditch. A second location was a bare mud area
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on the side of a field distrigution ditch (see Fig. 2.), an area on which
the 1955 hatch tests indicated that littie of no oviposition took place.

The other two sample sites were areas of heavy grass—and-duff cover,
one on the side of a aepression9 and the other on a fairly level part of
the field. These were representative of areas on which the hatch tests
indicated the greatest amount of ovipésition occurred., In each of these
four areas a sealed sampling funnel waé sunk into the‘soil to a dep?h of
two inches (to insure that no gas would leak out around the edges), and
then left for 24 hours (Septa 13-14) to collect whatever gases that were
evolving. During the test period’a maximum-minimum thermometer recordea'
a temperature range from 420 to 72° F. At the end of the 24 hour test
period 500 ml, of air from each funnel were drawn into a'gas sampling tube
from which fhe air had jusf been exhausted by use of a 12'v01t.Tribo port.
able vacuum pump as described by Wallis aﬁd Wilde (1957).

A control sémple was collected from the air six feet above grouna
level. These tightly sealed sample tubes were then sent to Horvitz
Research Laboratories, Houston, Texas for analysis. Due to the expense

involved ($35 per sample) only this one set of samples was taken,
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Results

The analysis results received from the Horvitz Laboratories were as.

followss
Table XII. Gas sample analysis.
Sample __Percent by Volume :
No, Sample Area Methane Ethane¥* Carbon Dioxide Hydrogen Sulfide
.1 Bare mud irriga=- ' "
tion ditch 0.0011 0.007 0.79 -
2 Bare mud distri- : o

bution ditch 0,0013 0,0017 " 0,51 -
3. Heavy grass cover- .

depression 0.0014 0,0010 0.87 -
4  Heavy grass cover-— .

level area _ 0,0010 0.0002 0.57 -
5 Control=-Air

6! above ground 0,0014 .0.006 0.04 : -

* Ethane plus heavier hydrocarbons ‘ X

These data show that only carEon dioxide was produced in appreciable -
quantities in the 24 hour test period. The surprising thing is the lack-
of any hydrogen sulfide in all samples. That hydrogen sulfide is produced
in these fields is quite evideﬁt to the human sense of smell any time the
decomposing organic material is disturbed. Itcan be theorized that perhaps
either the sampling or analysisltechniQUes were not capable of picking up
this gas, or possibly the hydrogen sulfide does not diffuse above. ground
level,

MISCELLANEOUS'OBSERVATIONS

While collecting adult mosquitoes from a western wheatgrass meadow on

September 10, 1957 the author happened on a large tontentration of sluggish

adult mosquitoes. Further observations showed that thes mosquitoes were
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Just emerging from an area of mud about two yards in diameter. There was
a layer of pupae about three inches deep on the surféCe‘of‘this mud.
Thése pupae had been deposited there when the owner had drained his field
at least 36 hours earlier. Thus these pupae had survived dessication
from two sunny days and were emerg;ng in large numbers in complete abseﬁce
of water. While it has long been known that mosquito pupaée are capable
of emergihg after up to four days on moist cotton pads or filter paper in
the laboratory (Morgan and Dupree-1903, and Fielding-1919), this is a case
of mass emergence under field conditions.

Observations of mosquitbes feeding on the nectar of flowers growing
in irrigated pastures were madée on several occasiﬁns in Augusty, 1957,
Feeding was observed from about 6:30 p.m. until darkness. Coreopsis

(Coreopsis atkinsenia), a composite coimon in these irrigated fields, was

the principal gpeciés on which féeding was observeds Oh one occasion, .
both a male and a femalé mosquito wére seen feeding from the same flower.
In feeding9 a mosquito would iﬁseit its mouth parts into a floret for fi&e
to ten seconds, withdraw them and immediately insert them inh another
floret. This procedute was sometimes interrupted by an interval in which
the.mosquito either remained quiet for a minute or so, or would &lowly
move over the flowér, briefly exploring the surface with the mouthparts,
The maximum tiﬁe a mosquito was seen to remain oh a flower was about five

minutes,

pe s
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DISCUSSION

The oviposition of irrigated pasture mosquitoes is apparently not
random. The results of the 1955 sod hatch tests indicate that fhe mos=
quitoes exhibit definite oviposition site choice, preferring the sloping
sides of,litfle depreésiéns in the fields and areas with thick plant de-
bris cover on the soil. The naturelof this ability of the mosquitoes
to select specific oviposition sites is not enfirely understood. Several
workers haQe demonstrated the abilit? of numerous species of mosquitoes .
to distinguish differences in moisture -levels. However; soil moiéture
levels are evidently nét the only factors involved in site choice for ovi=
position by the species unde¥ study in<thisAproject° The fields in this
area are almost-ehtirely under water'when irrigated. ‘Thus as the fie;ds
dry up after an irrigation all éreas are wet at one time or other and yet
certain areas in a field are favored over others, It would seem probable
that;there is some factor other than water which att&acts mosquitoes to
these favored spots.

The organic decomposition gases tested in this study are appgrently'
not the attractan;cs9 as evidenced by the féct that no pattern of choice
could be distinguished at any dilution of the gases tested. Neither was
there any repellant action of thesé gases with the exception of hydrogen
sulfide at a concentration greatly in exceSS‘ﬁf any amount to Ee found in
nature. _ )
| That A. nigromaculis does have the ability to distinguish chemicals

and gases is evident in the avoidance of hydrogen sulfide and.of buffered
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sodium phosphate-citric acid. solutions. . However, no data were obtained in
any test conducted to indicate. that any concentration of chemicals or gases
likely to be found in the natural habitat woula be apt to alter the behavi-
or of this species. |

From the observations of the writer it seems likely that certain
physical ecological factors of the habitat are the causes of concentration
of moéquitoes‘in the areas of heaviest ovipdsitiﬁn° As an example, mos-—
guitoes can Ee readily observed to be resting in the protection of Qrass
stems, where the dense "tangle®™ of stems offers protections while a few
feet away in a bare area no mosquitoes will be found. Algo, certain gross
tests made with a hand aspirated hygrometer indicated that relative humid-
ify differences may be quite large in two areas just a few feet apart.

It is possible that the cémbined factors of protection plus a humid;
ity gradient may be the things that cause oviposition to be concentrated

[}

in certain locations in irrigated pastures.

SUMMARY _
fhe following information was gained in this study of A. nigromaculis:
1ls Females appear to prefer the sloping sides of depressions in
native grass pasturgs for ovip&sition sites. A thick covering of.plagt,
deb;is.on the grognd surface enhances such an area for oviposition prefer-
ence, ' “
20. Larvae_are moved by the movement of irrigation water to consider-.

able distances from their hatching site.
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3. Under temperatures found in the Milk River Valley in August, a
period of six and one-half to eight days is required for larval and pﬁpal
development of this mosquitos

4., Females held a£ a sufistained temperature of 55° F. apparently
will not oviposit; )

5, A singieyfeﬁale is capable of producing up to 228,egg§.-

60 Hydrogen-sulfide, carbon dioxide, and methane are apparently not
oviposition attractants for'this species even though carbon dioxide, at
least, is evolved from natural ovipositidn sites in measurable quantities.

7. Females -exhibit chemotactic sensory behavior in avoidance of cer-
tain concentrations of hydrogen sulfide gas and buffered sodium phosphate-
citric acid solutions, |

8. Females showed no ovibosition prefg;encé for any differences in
ﬁtypes“ of water (field, ditch, distilled and tap) tested, nor was an?
preference shown }or any of the "texture® materials tested.

9% About 29 percent of all moéquitoeg isolated in ovibésition vialsy,
in 1956 and 1957 developed eggs butfrefused to oviposit. Approximately
32 percent laid some eégs but refused to lay their éﬁtire clufch° ‘Only'
about 28 percent deposited their entire clutch. Since all of these Mos=
quitoes had a source of water present in the vials, it w&uld appeér that
some stimulus other ‘than mere presence of water is.necéssary to.cause
complete oviposition,

10. Under field conditions, pupae are able to c§nti£Ue developméﬁt

to adults in the absence of free water, if they remain fairly moist.
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