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SEASONAL DISTRIBUTION AND BEHAVIOR OF CALIFORNIA
ANOPHELINE MOSQUITOES

| 3 2
Stanley F. Bailey , D, C. Baerg and H. A. Cristensen

For many vears biclogical and ecological studies of ma-
laria mosquitoes by entomologists were of a field rescarch
nature, by necessity, as a part of and tied to control. The
initial period of problem solving was led by works of Free.
born (1921, 1926), Bradley and King (1941, Aitken (1945),
Markos (1950) and many others. This was followed by a
greal proliferation of information in various basic phases
ol mosquito bionomies, including physiology, genetics,
photoperiodicity, and communication, much of which has
been linanced by grants and other special funds. This report
brings together detailed field and lsboratory observations
guthered ut the University of California at Davis as a part
of general ecological investigations of the four species of
California anophelines:  Anopheles punctipennis Say, A.
francicanus MceCracken, A, freeborni Aitken, and A. ocef-
dentalis Drvar and Knab,

"L'niv-.:rsil_-.r ol Californiz, Division of Matural Sciences [ Sanra
Cruz, Califorzes 95060,

1 ) :
. Lomgas Memerial Laboratory, Box 2006, Balbos Heights, Canal
Lane.,

STUDY AREA aND METHODS The main area under in-
vestigation was 4 transect of northern California from the
Sierra Nevada Mountains at Emigrant Gap to the Pacific
Ocean at Point Reyes Station (Bailey and Bacrg |966).
Supplemental surveys were taken from the Oregon border
south to Pismo Beach, and from the northeastern portion of
the State and the desert ares to the southeast,

It was difficult to locate comparable semi-permanent
breeding sites throughout the transect largely because of
pollution by cattle, variable and unpredictable flushing by
spring rains and irrigation practices. ln the Sacramento
Valley proper it was rare (o find any ratural, undisturbed
breeding areas. No larvae of A, punctipennis were found on
the floor of the Valley. Mearly all stream beds had been
filled, diverted, or modified for irigation or flood control
purposcs. As a result, A, franciseanws, also once commoen in
the Valley, was found primarily in the paripheral foothills.
As zeasonal pools dried, particularly on the west side which
lacks the snowmelt water szepage of the castern slope, it
was necessary to shift our collecting sites to those still pro-
ducing larvae,



Immatures ohtained in collections were laboratory-reared
te adults to enable positive identifications. Adult mosqui-
tees were aspirated [rom resting stations and theic physio-
logical condition determined visually. Individuals that were
classified us “with blood™ were wholly or partially engorged
ar had & portion of the blood meal digested with egas appar-
ent. Christopher's stape of follicle development was deter-
mined only in the case of oceidentalis. Many hundreds of
adult and larval samples were taken vearrtound in almost
every conceivable place of resting or breeding, Two species,
frunciscanus and oeeidentalis, were studied in detail for
doctoral theses {Baerg 1967; Christensen  1968).

Laboratory colonies of A. freeborni and franciscanus
were maintained For several vears, and oceiden talis was col-
onized for several gencrations. The southern strain of aeed-
dentaliy, commonly referred to as “freeborni™ by various
wrilers, was maintained in laboratory culture for over one
wear. Artempts (o estublish a breeding colony of punctipen-
nis consistently failed, although the species was ecollected re-
gularly througheut the program. It is noted, however, that
laboratory colonization of eastcrn strains of punctipennis
have been successful (Boyd and Mulrennan 1934; Dr, Mar-
tin I Young, personal communication).

DISTRIBUTION, —Each of the four species presents a dis-
tincl dispersal picture which is best described ecalogically.
WVarious writers (Herms  1921: Aitken 1945 Fresharn
1949 Markos 1950; Freeborn and Bohart 1951 Loomis
et sl 1956) have given many details on the distribution and
exact type of environment in which sach species is found.
This information need not be repeated here,

Our extensive series of collections of the aquatic stages
of these anophelines are given in Table 1. The tabular data

Table 1. Summary of Anopheles Larval Collections.
North-Central California, 1964-67.

Mumber Relalive

stalions  frequency

spacies  of species

Arca Species aecurred  colleetion

tast af francizeanus 21 52
Sacramenio freehiorai 53 93
River pocidentaliy ] 0
(72 Stations) pine e 34 53
Woest of frafeiseanus 27 51
Sacramento Srecharnt ) 15

River oeeidentilis i

(3% Srations) Pt dipen nis 12 55
Coastal frrmc!.mrz:r.-.:x 3| 58
wutershed Jreefornd 13 31
ceeidentolis 4] 104
{109 Stations) puielipennis 53 123
TOTALS Srancisounus 99 191
freeharni 74 144
aceiedentalis 41 104
{219 Stations) punclipennis 949 261

93

summarize a total of 412 collections ar 219 stations from
1964 1o 1967, New findings of interest might be mentioned.
Larval populations were sampled extensively along the
northeastern border of the state in 1966, which is the west-
ern edge of the Great American Basin. A. franciscanius was
found in Lassen and Plumas counties. At the other extreme.
this species was taken near the Salton Sea at -200 feet aleva-
tion. In 1967 the breeding of vecidontaliy in Del Notre
County at Crescent City and at Pismo Beach, San Luis Obis-
po County, was verified. In the pine belt, abave 4,000 feet,
anophelines are very rarely collected. In open sagebrush-
juniper arcas, however, franciseanus was found in receding
streams up to 5,200 feet,

We have recorded previously the finding of an “overlap
area’” near Napa where sccidentalis and freeborni were pre-
senl. Near and southwest of Healdsburg in grassy side pools
along the Russian River during 1965-67 we found these
species. A, freeborni was collected at Monte Rio five airline
miles from the ocean and occidentalis was obtained five
miles seuth of Healdsburg, which is the sreatest distance in-
land for this anopheline. During World War 11, in April,
1944, the senior author collected and reared freeborni taken
from a grassy fresh water seepage pool in the former U, S,
Marine Base dairy barn at Mare Island Navy Yard, This site
was not along the ocean proper, but was less than 100
vards from San Pablo Bay,

No new or unusual records of punetipennis were gather-
ed. As this species is very specific in ils habitat, it s nsarly
always possible to anticipate the finding of the larvae by
recognizing the proper ecological conditions. These niches,
however, are entirely absent in such aregs as desert repions,
alkaline marshes, polluted farm ponds, and snow fields.
Even when what appears to be an ideal environment is
found, at moderate to high elevations in the Sierra Nevada
Mountains none have been collected by us. ( rpenter (1 969)
obtained freeborni at 6,000 feet in Sicrra County. Aitken's
record of frenciscanus in Alpine County (7,300 feet) still
EeImains unique.

SEASONAL INCIDENCE. —The relative abundance of ano-
phelines varies from year to year and locality to locality.
Several important factors, including the total rainfall and its
distribution, the spring and summer maximum and mean
Lemperatures, and the type and acreage of irrigated crops
and economic conditions directly or indirectly influence
seasonal fluctuations. Our observations in two contrasting
ceological areas in northern California, the coastal helt and
the Sierra foothills, clearly illustrate a predictable pattern
of appearance and abundance of the four anophelings.

These stations were not sampled regularly cach season,
therefore, direct comparison of the population densities of
the anophelines in the same year is not available,

On the coast at Pr. Reyes Station, 22 larval collections
were made between January 7 and December 30 of 1986,
The data pgathered from an established farm pond, a ditch
and a small swamp were as follows;

Seasonal Range Total No,

of Larvae Collected
A franciscanus Tun, 21-0ct, 29 125
A pecidentaliy Mar. 22—Nowv. 12 1,530
Al punetipennis Mar, 22-Now, 12 36



Cahle 2. Summary of abundance and seasonal feeding activity of Anophelines in resting stations at Pt Reyes Station, Calif.
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Frinn the same locations, in abandoned buildings and a
culvert, 23 adult cellections were faken over a two-year
period, 1966-67 (Table 2% During the surumer in this cool
covtatal climate frarciseanus persists only marginally, puncti-
pennis s comman and widespread, freeborni does not vecur

25 16 obvious by the above data, cecidentalis 15 the most

bpilant specics, Ax punctipennis does 0ot congregate in

crected stations until the colder, rainy season beging, this
pectes gelually may be more numercus before this time,

Dhuring 1965, 19 visits were made 10 the foothill study
Jre, Wolf Creek, from Mareh 30 to December 16, A tabular
summary of larvee [rom a sunlid, established farm pm]d

feet elevarion) and its sh.::]u] seepage ditch is given

'3-.'||:"-"- .

Seasona] Range Total No.

of Larvas Collected

I, froneizeanus Jul. 1-Nov, 19 318
1, frechormi Mar. 30—Nov. 19 299
1. paeree tpennis Mar. 30-Dec. 2 }.393

Samiples of sdull snophelines taken from farm buildings
i this area during 1963, and less frequently 1966-67, are

Bowen i Table 3. These dats illustrate two generalizations.
Forst, inoa brushy, rocky hill area the innumerable resting
siles rosull in dispersal of the adults. Thus, manmade struc-

oo umder Lhese conditions give much lower adult counts

| Tkt o {0 the larval density, Sccondly, in this area, which

preferred breeding avea for punctipennis (note larval

oo the adules did not congregate in buildings but were
carterad inshady thickets adjacent to the pond.

Che above findings contrast with results of our collect.
s Trom & barn near a long established local breeding area
Vicville, The latter station served as an ideal resting

O punetipennis. No hreeding of freeborni occurred in
15 drd,
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It is interesting 1o compare the figures obtained by Herms
(1919) in California’s first mosquito swvey in [916-17. In
the Sierra counties he found that frecborni comprised | 6%,
punetipennis 67%, and franciyeanus 17%. In the Sacramento
Valley counties his collections totaled 82% freeborni, 7%
punctipennis, and 1% francizeornus, Qur data on anophe-
lines sampled from the Mevads County study area in 1963-
a6 produced strikingly similar fipures; 14% freeborni, 63%
punctipennis, and 23% franciscans, In the Capay Valley on
the west side of the Sacramento Valley proper (Table 4) ow
1964-05 adult collections, in sufficiently large numbers o
give good reliability, gave 92% frechorni, 6% franeisoenus,
and 2% prnctipennis, Conditions in the farming areas have
changed much more drastically in the past 30 years than
those in the foothills. Nevertheless, the comparison demon-
strates that the reproductive potential of these species has
changed little in undisturbed areas,

Other series of collections show a different relationship.
In the course of extensive flight range studics of Culex tor-
splie (Bailey et al. 1963), CO, traps were employed in the
Sacramento Valley, primarily in rice fields. These traps, in
37 cxperiments, caught 475 408 tarsalis, 18,5302 freeborni
fincluding one male), three franciscanus and oo pencei-
pennis. Anophelines are not attracted readily to this type of
teap, as are Culex, but the numbers captured are an excel-
lent index of the relative number in flight in a major agn-
cultural area.

HosT PREFERENCE aAND BITING ACTIVITY.—In most
cases, the proximity, availability, and relative abundance of
several acceptable warm-blooded hosts appear to determine
the so-called host-preference. Maosguite blood-feeding pat-
terns in California have been investipated by Reeves, Tem-
pelis and Washino (1964, 1967), They found that man is not
a commaon host. Rabhits, horses and cows rank at the top of
the List of mammals, with other domestic mammals as well



Table 3.-Adult Ancpheline collections and seasonal feeding activity in resting stations at Wolf Creek Ranch, Nevady

County, California. 196567,
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Moy, | 0 58 38 7 4 ]
kil K G 3 l 14 0
Mec. 14 G 6 (3 8] 7 0
|5 T
Tane 16 [ 41 41 15 5 ]
MNov, & | 0O ] 3 100 5 L00
TOTALS{males)  125(70) 0- 100 499{ 10 - 00 LOLG) =100

MNnelodes sravil specimens,
as rodents making up the woal lested, chiefly by the precip-
itin method.

in the tield we have been bitten by all species with the
exception ol secedentalis: this anopheline readily feeds upon
man under laboratory conditions, A. freeborni and puneti-
penniz will bite during daylight hewrs, and the former is the
only one tooinvade residences and bite indoors. A, puncti-
penis will seek blood in open sheds, barns and atl the
mouths of caves or old mine shafts. Along the cosstal re-
gion, where three species of anophelines ocour commaonly,
many residents were interviewed and none complained of
mosquitoes (the salt marsh Aedes excepied).

Certainobservations can be made from blood-tfeeding data
inour samples (Tables 2-4). NMovermber and December norm-
ally are the months of minimal feeding, and no punectipeniis
with blood were seen during this period. During the winter

in the coastal area, blood-engorgement was most consistent
in oceidentalis, A, oceidentalis also showed epp development
every month except April und November. Unfortunately the
very sparse population of francisconas found on the coast
makes it difficult to draw a compurison with populations
of the spegizs in the other study areas, On the west side of
the Sacramento Valley, blood-cngoreed franciscanus speci.
mens were collected each month. Eesting stations with a
high percentage of immigrant adult freeborni (Capay Valley)
exhibited a much lower ratio of blood-fed specimens than
those harboring a strictly lecal population (Walf Creck ). Be-
cause of its aggressive and migratory habits, frecborni is the
only anopheline in California considered as a pest mosquito,

The fall transition in freebornd Ceeding behavior is very
dramatic. For example, in warm weather on September 28,
1965 near east Nicolaus, Sutter County, in the hearp of o
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4. Adult Anopheline collections and seasonal feeding activity in resting stations at Capay Valley, Yolo County,
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stady puriosl.

rice prowing area, 3000 freeborni were collected from
uncter o small bridge, These mosquitoes did not attempt to
feed vpon us in the field, and only 90 (3 percent) took a
blond-meal in the laboratory. In the [all of each year large
numbers ol frechornd congregate under an abandoned
bridae over the Sutter Bypass, in the center of the Sacra-
mento Valley onthe southwest side of the Marysville Buttes,

During late September, October and early November we
have estimated over 100,000 adulls resting at one time un-
der this structure, and of the many thousands collected only
a very small number attempted to fake blood. It is interest-
ing 1o note that no other anophelines were seen here.

FLIGHT HABITS.— During the breeding season ancphelines
appear to disperse very short distances from the emergence



sites. 11 hosts are in close proximity, the flight range need
be bul & fow hundred vards or less. As the winter season
approaches, preceded by a physiological interruption in epg
production, the flight range of fomales is extended. AL this
lime sheltered niches offering greater protection than the
summer resting are sought, A, punctipennis and vecidentalis
congregate in shelters adjacent to the breeding locales,
while franciscanus disperses into shelters oflen 2 mile lrom
known summer larvae sites. The migratory species, free-
borai, is the only snopheline that can be found in signifi-
cant numbers remote from hreeding sites. Flights into these
winter hibernating areas, suchas Capay Valley (Table 4) and
the foothills bordering the Sacramento Valley (Table 5), can
be observed in the same stations from vear to year.

Ao freebornt was studied in detail by us for four vears
(Bailey and Bacrz 1967), We conducted 18 relea se-recapture
cxperiments with marked mosquitoes totaling 54 800 wild-
caught specimens with a 0L032% recovery. Following the re-
leases, 89,685 wnmarked and 328 marked specimens were
collected at preselected stations, Some of the most impor-
lznt lindings were as follows:

Table 5. —Ihstribution of Anophelines in relution to
altitucde in North-Central California | 5963-6G4.

A, State Highway 20, West. Colusa-Lake Co, 10,1 - 3/19.

Elzvation
(feen) Number adult females in resling stations.
franciseanus  freeborni _ punclipennis
335 374 1,187 4]
R0 [ KT 0
(v i [ {15 [y
T4 a 27 {
g17 3 24 {l
L.O1G 34 335 ]
[ 035 I 3 ]
B 20 29 i
[ T25 307 35 0
TOTALS 451 2,140

B. State Highway 20, East. Yuba-Nevada Co. 9711 - 1730,

208 oie 327 I

297 0 623 8

305 i 4667 132

hR3 0 220 7
L2304 i L& 32

[ 45] () 56 12
2044 0 I 3
2,640 0 2 0
TOTALS 3 L1 B

il H 3
Includes male specimens (limited numbers cheerved and colleoted
Coly inoearly Fally,

“Flightsas faras 17.5 miles do oceur on the part of
some individuals; however, we feel the great majority
of mosquitoes seek, and do find adequate overwinter-
ing quarters within live miles of their breeding site in
most farming areas.”

The mean distance from the release point for 18 recap-
tured marked mosquitoes was 3.05 miles. Large numbers of
marked moesquitoes (310) did not leave the release site or its
immediate vicinity.

The majority of marked specimens were recaptured in the
rice growing arca during October: at the release sites only
during cold weather in December, and again in much smal-
ler numbers after the middle of January during the spring
movement.

Movement of the “prehibernation™ population into the
foothills at the margins of the valley definitely takes place
up tooatb least ten miles, and abundanty up 1o 400 feel
elevation (see Table 3).

During the winter there is a continual “relocation”™ of the
semidormant females, with the exception of periods when
the temperature is below 45°F.

The female of this mosquito (freebornd) commonly lives
five months in the winter and oceupies mary different rest-
ing sites, often many miles from its point of origin,

OVERWINTERING —In recent vears a great deal of labora-
tory experimental work has been conducted on photoper-
iodicity inrelation to the physiological eyeles and dormancy
in insects. Beck (1968), and more recently Washine {1970),

Table 6.~ Life span of caged, hibernating female Anophe-
fines in natwral resting stations November-March, | 966-07
{Percend surviving, with sugar and water).
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Laboratory-reared and fested in Point Reves Station, Octaber,
1967, Minimum temperature approximately 33 F, Other three ape

. 5 g o
caes tested in Davis al o Lemperature range of 38-627F.



have reviewed the highlights of the subject, the latter parti-
cularly in relation to mosouitoss,

Several types of conditions appear to affect (or deter-
mine) the nature and composition of everwintering popula-
tions of the California anopheline mosquitoes. The first is
characterized by punctipennis, in which the adults usually
ariginate from very locslized and somewhat isolated breed-
ing females. therelore, are rather uniformly aged individuals
resulting from the normal, late summer generations. In the
seasonal study of the farm pond in the Sierra foothills, two
periods of abundance were observed for punctipennis larvae,
with maximum numbers collected on July 15 and October
19. The latter produced adults that entered directly into
hibernation.

In a study by Washino and Bailey (1970} it was found
Lhal punctipeanis normally overwintercd as inseminated fe-
males which did not take blood-meals, and developed fat
bodies during September through December. Individual var-
ulion may produce occasional non-conformity as evidenced
by one gravid female collected October 3, 1964, that laid
290 cges in the laboratory i the first week, snd another
collected November 22, 1964, that produced 80 epps after
[ days,

Weather conditions such as heavy late spring rainfall may
be detrimental to the larval population by flushing aut
steeam pools. Under these conditions diapausing females
tiest arise from g population made up largely of individuals
hatehing from the early [all brood.

A mixed populstion of vecidentalis necurred in the fal]
of 1967 In the other years, il the seasonal larval peak iswell
defined and is reached in mid-summer 4 high percentage of
the fall adult populstion does not enter diapause but con-
tinues o reproduce. With the exception of 1967, blood-en-
gorged or gravid oceidentelis females were found from May
through Felbruary.

Ao freebornd are distributed throughout a wide range in
latitude from Boundry County, ldaho (45.5°N. lat) to El
Paso, Texas (32°N. lat.). In the southeastern sepment, cold
winters undeubredly have a great influence on the cessation
of its ege development. However, this species is markedly
influenced by the shortened daylight hours of late summer
(Depner and Harwood 1966). Each vear the majority of
freeborn: females comprising the overwintering population
exlubit gonetrophic dissociation in Californis  (Washing
18700, The artificial breeding area of thousands of acres of
rice fiekls in the Sacramento Valley is generally infested
with frecborne. Bailey and Gieke (1968} and others have
shown that a peak of larval density is reached in late Augst
through early September. The fields are drained abruptly,
usually beginning early in September and continuing into
October. On September 12, 1967, at Grimes {Colusa Coun-
tv) 93% of the larvae eollected from two rice fields and g
secpage ditch were first and second instars, suggesting that
large numbers of mosquitoes might be produced during
short daylight hours under special circumstances, i.c., in ex-
tensive and undisturbed ponded areas and late maluring ries
fields {sec also Sherman and Kramer 1970}, During drain-
age of rice fields the larvae are flushed out into ditches and
sloughs o1 are stranded in the muddy fields before com-
pleting development. However, many do survive, and the
resulling adules are of nearly the same age.

The sampling of freeborni in the Capay Valley, Yolo
County, showed blood-enporged females comprise anywhere

from less than | to 15% of the population during the period
of fall movement, In contrast, an isolated breeding popula-
tion in the Sizrra foothill pond produced 15 1o 534 blond-
engorged females from October 5 10 November £ i adjacent
resting stations. There were three freedarn Tarval abundance
peaks in this pond during the breeding season; June 3, July
27, and September 21, These examples illustrate the tend-
eney in the species for some individuals 1o take blood dur-
ing the fall (the extent depending an local conditions) and
to physiologically divert the acquired enerpy away (Tom egp
development.,

Only a very small percentape of the many thousands of
wild freeborni adults collected in the winter months laid
egps within a few days after being brought into the labara-
tory. Many individuals developed egos 4-10 davs after taking
4 blood-meal, but withheld them until induced (o oviposit
by removal of their wings, We [ind a specific example in our
notes of a gravid female taken about ten miles west of Davis
on January 1, 1965 that laid immediately when brousht into
the laboratory. These experiences, obtained as a hy-product
of handling large numbers of wild adult freeborn: (150000,
are cited to support the conclusions of Washine (1970} who
stated “the everwhelming majority of [emales in September
that enter dispause were nulliparous. . - No further ovary
development was ohserved until diapause was termingted
- - - there was no evidence that any single faetor was respon-
sible for termination of diapawse.”

We have found gravid females and early instar larvae of
franciscanus in December at Mecca, in Riverside County

33.5°N. lat.). Other investigators also have reported (his
anopheling breeding in some part of California throughout
the yesr, indicating that OVETWINLCTing specimens are in o
quiescent state rather than 2 true diapause. Washino and
Bailey (1970) stated that blood-engorged franciscanus, in a
few instances anly, do not develop eggs in the fall und carly
winter in the Davis area. [n the northern portion of the stae
breeding as well as feeding in this species normally ceases
in cold weather,

In the Sierra foothills and along the central coastline,
franciscanus larvae are the last of the anophelines to appear
in the spring. In 1965 in Nevada County the first lurvae
were found July 1 and in 1966 at Pt. Reves Station, on
June 21, The larval populations increased to 2 maximum
density in late August and persisted at a high level well inle
September: September 21 at the first sbove mentioned s
and August 30 at the coastal site. Since there usually are not
distinct broods, as in punctipeanis, adults of various ages
and physiological condition probably enter the winter quie-
scent phase with the onset of cold weather. There isa lmil-
ed surviving adult population to initiate breeding in the
spring. The cool water is less favaorable 1o larval develop-
ment of franciseanus than for other Califoro antphelines,

The foregoing data illustrate some of the difficulties in-
volved in attempting to categorize the types of dormancy
exhibited by these species, While the unique record of »
“last™ larva in the fall or a “first” in the spring s not
significant in itself, it is an indication that some individuals
of a species population have an inherent capscity 1o be
active and to survive extreme conditions within its range.
although at times in precariously small numbers.

FACTORS INFLUENCING ADULT AND Lakval Popuna
TIONS.- Temperature, the extremes and the averape wuxi-
mum and minimum, can limit the distribution as well as



seasonal abundance of virtually all mosquitoes. One anophe-
line, purctipennis, is widespread in North America, but secks
larval breeding niches providing a cool environment. Many
areas in which it ccours normally have 2 low winter mini-
mum. However, the shelters used for hibernation, whether
matural or manmade, would have a somewhat higher tem-
perature thun more exposad areas. We have collecred females
of all four species at readings in the low 30%; in such in-
stances, the mosquitoes were reluctant o fly and often were
flattened clase te the particular resting surfaces. They all
seek locations protected from the wind, thus minimizing
desiccation. In the mountsinous counties of Plumas, Shasta,
sSukivow, and Trinity, franciscanus, freeborni and puneti-
pennts were collected. These areas have low winter tempera-
tures. Since occidentalis is found only along the coast, it is
not kenown whether the adulis could withstand ambient
temperatures close Lo freesing.

Limited experimental work has been conducted by us on
this environmental factor. At a constant 43°F adul friae-
ciseanus and punelipennis suevived five weeks--as indicated
by normal activity when they were returned (o room tem-
perature, Freeborni lived nearly twice as long. Table 6 pra-
sents Lhe data obtained on the life span of wild-collected
hibernating females (excepl occidentalis, which were Jabor-
atory-reared ) exposed to normal winter temperatures at low
elevations in north-central California, Sugar and water were
available to the caged specimens, as in nature the adults are
free Lo move about on warm days and obtain these itcms
necessary for survival. The age composition of the specimens
abtained in the field could not be determined. A. froncis-
conug appeared to be the least tolerant of the prolonged
{fluctuating) winter temperatures of the Sacramento Valley.
This is compatible with its absence in Idaho, Washington,
and Chregon (except the southwestern segment) whereas
punctipennts and  freebornd occur widely in these states
{(Stage, Gjullin, and Yates, 1952).

Tolerance of the adults of these species Lo high temper-
ature also has been viewed in the laboratory (Bailey and
Baerp, 1966). In these tests, specimens were not precondi-
tioned (scclimated) before exposure. The purpose of the
gxperiments was to demonstrate that innate differences in
susceplibility do exist between species. Under controlled
relative humidity conditions, exposure to 110%F far nine
minutes produced 100 percent mortality of all laboratory-
rearcd specimens except franciscenus, Female franciscanis
survived up to 14 minutes, while males succumbed in one-
half this time. High temperatures (90°F and above) in the
field have » depressing effect on the adult population of
freebarni (Bailey and Gicke, 1968). Also, punctipennis be-
comes scarce n hot summer weather; King, Bradley, Smith
and McDufTie (1960) reported similar observations in Lowis-
iana. The coastal species, pecideatalis, is prevented from in-
vading the wvallevs opening o the coast by summer iso-
therms, In cool summers, penctration into the interior is
greater but stll very limited. Optimuom conditions for this
species are found at Pt, Reyes Station, having very cool sume
mers, The maximum reading at which seeideatalis has been
collected in 2 resting site is 88°F, In the hot desert rezion,
Jranciscannus is the only anapheline able to survive. We have
collected adults in a culvert a1 Mecea at greater than 95°F,
This speeies was commonly [ound in resting sites at the
periphery of the Sacramento Valley al 95.97°F. On one
oceasion only punctipennis was collected at 947 and free-
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borni at 1017, These isolated cases are sipnificant primarily
in that they indicate the approximate tolerated maxima of
individuals before they may attempt to relocate themselves
under natural conditions.

Infield breeding sites larvae of the four species have been
taken at water temperatures in the 91-99°F range, A, I
fipennis larvae have been found at o low of 447 and the
others at approximately 55°. Laboratory experiments dem-
anstrated that at 43°F all frenciscanus first instar larvae die
wilhin four days, whereas freeborni and punctipennis sur-
vive twice as long, This would suggest that in a cold spell in
early spring after cgg-laying has begun, franciscanus could he
eliminated more quickly, Nonacclimated lsboratory-rearcd
larvae also were tested for telerance at | 0RF, Data gather-
ed indicated franciscanus has the greatest and secidentalis
the least tolerance to this high temperature, In each species,
4 decreased tolerance was exhibited by the succeeding in-
slars. Similar Nindings with freebarni and other anophelines
have been published by Barr (1953).

Straing of franeiseanus from the far ranges of its latitudi-
nal distribution apparently bave a correspondingly greatar
ahility 10 withstand the respeotive temperatye exiremes.
This capacily is evidenced by the high density of larvae of
this mosquito in alzgal mats in receding pools in hot creek
beds in summer. Seasonal differences in larval tolerance were
illustrated in accidentalis by o laboratory experiment. Early
season first instar larvae suffered 99 percent mortality when
exposed five minutes in water with a temperature of 108°F.
In shurp contrast, late season larvae exhibited only 17 per-
cent mortality. Fourth instar larvae of oeedentolis reared
at 60° and 80° exhibited a marked increase in ability to
withstand the temperature range 2t which they were reared.
Similar tests were not conducted with other species. We
have found in other tests, utilizing a thermal gradient tank
with watcr ranging from 38% 10 105°F, that larvae of free-
horae and punclipennis, and oecidentalis, when introduced
at the 70-75% area distributed themselves randomly. Individ-
vals moving into the lower range were killed o1 became
moribund as did these reaching the 93-1057 area.

Experiments on the effect of water temperature on the
growth of freeborad larvae (Bailey and Gieke 1968) showed
that thiz mosquito could tolerate fluctuating (natural) win-
ter exposuce in the 40-72° range (mean 52.6%), but only a
fow individuals matured, and after 81-84 days. In the labor.
atory, at @ controlled temperature of 557, which iz near the
threshold for completion of development of each stage for
all four species, larval growth of freeborni was completed in
31-62 days with a 66 percent mortality. The maximum tem-
perature at which freeborni immatures can deve lop suceess-
fully is between 907 and 957, with a mertality of about
80%. These latter studies were made to provide a peneral
tool for determining population development in rice fields.
Variations in the mortality of early and late blood larvac Lo
high tempersture and other details remain Lo be investi-
sated.

[t is abvious that the late instar larvac can move about
quickly and, in a few inches, can find lower surfuce water
temperatures (in shade among plant growth, or debris) in
the summer thus avoiding lethal extremes. This perhaps com-
pensates for their decreased tolerances in comparison with
the carly instars. However, in the late winter an entire pop-
ulation iz chilled and individuals are not able to seek 1 more
favorable environment,



In concluding this phase of the subject, namely, the
limitations of anophelines to or by temperatwre, one has 1o
“read in' the faciors of inherent resistance and adaprability.
Additionally, it must be emphasized that laboralory experis
menis expose the organism w artificial conditions not found
in nature,

Muany other factors, both physical and biological, have
ther tnllusnee on mosquilo larvae, Some of these are read-
ilv measurable and others are quite elusive and difficull o
record in the aquatic covirenment. Since anophelines are
surface Feeders, water depth apparently is of little direct
imporiance. Larvae cun be collected at the marging of reser-
voirs, lekes, and deep forest pools, repardless of the total
water depth. Weter movement, however, is quite critical.
Undigturhed water is necessary for feeding, pupation and
emergence of the adult. The wind-swept shoreline of & pond
or lake will have faw larvae in contrast 1o the lee side, Ocea-
sionally, larvae in small numbers can be found at the edge
of 2 canal or stream bank among algal srowth or patches of
grass, but away from this limited protection they are swept
away by the water flowing past. Algal mats anchored ina
slowly moving stream can support kuvae on the surface even
if the water [ows beneuth the algae,

In the distributional study of frecborni larvae in rice
fields Markos (19500 stated that “variations in the density
of the rice plants within normal field limits had oo apparent
infTuenee on the number of kirvae that developed™. Research
personnel ot the Tennessee Valley Authority water im-
poundment also studied A qeadrimaculotue larval density
in detail in refation 1o the type and density of vegetation.
Ercet, cmergent vegetanon supported, or rather offered
protection, to the heaviest concentrations ol larvas. Owr
ohservations on freeboral and punetipenis in particular in-
dicate this condition: reeds, erect grasses, Typha sp. and
similar plants, (as well as watercress in the case of puncti-
peanis) harbor the largest populations. Floating vegetation,
particularly a heavy growth of Lemma, can exclude mos
fquite Jarvae.

As anopheline larvac inercase in size they have a tendency
Lo scatter and distribute themselves. Whena larva comes in
contact with other larvae, it readily moves away from them.
Crowding of the Iarvae rarely was observed in the field,
There appears to be some competition, however, for the
most favorable environmental conditions in relation to
protection, shade, food, and temperature. Qur records
seldom show more than 10-15 fourth instar larvace taken
al one time in the standard tvpe of dipper. Much larger
numbers of early instar larvae, cspecially franeiseanus (in
alpal mats), often are collected.

In the laboratory, crowding is a factor that must be con-
sidered in maintaining strong colonies and a dependable
supply of larvae, In the standard white enameled pans norm-
ally emploved for larval resring, about 12 » 7 inches, the
concentestions of larvae had to be serially reduced during
growth. A, freeborni and punctipennis are most adversely
affected by crowding; 100 fourth instar larvae per pan was
about the maximum number that cowld be rearcd without
nearly constanl attention. The tendency of the larwae to
cluster in Lhe corners resulted in injury by the chewing of
their bristles. The large larvae could not maintain themselves
at the surface [ilm without a complement of supporting
bristles, and sank to the bottom where they died after g few
hours. These larvae also were rendered more susceptible o

secondary bactedial infeclion {parlicularly Pseadomonas),
Feeding every few hours reduced “cannabalism™ and aided
in separating the larvae for longer intervals, Grass clippings,
alpse, or excelsion in some cases, were used 1o provide addi-
tional Teeding surlaces. Up to 300 larvae per pan of franeis-
eaitus could be reared successtully. While the additional fac-
tors af temperature and light were invalved, our liboratory
investigalions have shown the more rapid growth rate and
agressive character of froncseonis enable this species (o
clearly assert its dominance when reared in pans with the
other Californiz anophelines.

(hur collections in northern California have been made in
waters varying in pH from 6.4 10 103, Not all four Califor-
nia anophelines have been collected in water within this
range ol hvdrogen ion concentration, although preliminary
lxhoratory experiments indicated they can 1olerate these ex-
tremes. Essentially, the pH of fresh water suitable for ano-
phelines in this area is not of sufficient acidity or slkalinity
to prohibil larval development.

Of the three anophelines inhabiting the coastal area,
eeeidentolis was collected in the most highly brackish water,
L., up Lo 33.7% sea water. Two other species, punelipeaniy
and franciscanas were found in concentrations of Lo 208,
The highest salinity in which we have collected aeeidentolis
has been 1.25% dissolved salis, indicating it veadily tolerates
brackish conditions found at the mouths of owr small coast-
al streams.

Culicidologists bave made frequent mention of anophe.
line prefercnce lor “clear, Tresh, sunlit water™. Among the
California species, all but punetipeanis are found in the
greatests abundance in a sunny location. We have comnwent-
ed previously upon this phase of larval preferences and its
possible over-emphasiz (Bailey and Bacrg, 1966). All four
species have been reared in both complete darkness (with
the exception ol a few minutes sach day to service the pans)
and coentinuous light. [t shoold be noted thar under these ar-
tificial conditions no predators or toxic by-products from a
biclopical complex were allowed 1o exist or accumulate.
This leads to s brief mention of such influenees.

[ our studies we have not explored nuéritional and anti-
biotic factors, or predators influencing larval populations,
Christensen (1968) examined occidentalie larvae for proto-
zoan parasites and believed them to be of greater importance
than generally realized. Considerable effort to determine the
antibiotic factors of blue-green algas in rice fields which
appear to inhibit anopheling Jarval development has been
made with little success by Gerhardt {1956) and Washino
(1964}, Markos (1950) earlier had reviewed this and related
topics. In the past few years Gombusic “sceding” of rice
fields in Jarge quantities appears to offer the best promise
of suceesstul manipulation of the larval predators,

COMCLUSIONS, -1t the “growth”™ of the state continues,
together with the exploitation of the natural environmeni,
we foresee o continual reduction in the acceprable brceding
sites of cecidentalis along the narrow coaslal strip and, on
the other hand, an ingrease in the local populztions of
punctipennis in the foothill areas. Recreational and second
heane developments o the Sierra and coastal mountain areas
from | 000 to 3,000 feet elevation have impounded water
and, depending on particular plant growth and water man-
gpement, additionally may lavor feeebornd. With present irri-
gation practices, the aggressive, very adaptable frecborni is
given almost unlimited opportunity 1o multigly in rice fields,



ponding [rom irrigation of many crops, and in weed-choked.,
shallow canals, Control of this principal pest species (and
potential malaria vector) will need to be continued indefi-
nitely. The fourth species, franciscanus, undoubtedly will
persisl innocuously in desert and outlying hill areas, in sun-
lit shallow puddles and stream pockets, remaining through
late surimer and fall if waters are not too heavily polluted.
It is well known that modern urbanization and malaria do
not go forward together. Thus, over a progressively smaller
area 1o the state we should continue to observe the condi.
Lion known as “anophelism without malaria™,
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