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ABSTRACT

Treehole mosquitoes in eastern North America partition their
habitat by trophic specialization, drought resistance, predation
avoidance, and level in the forest. At the southern portion of
their ranges, drought and predation limit their distribution and
abundance and, because of mortality from these factors, 1little,
if any competition takes place within or between species. As one
proceeds north, drought has a declining and freezing an
increasing influence on mosquito populations. Within the range
of Toxorhynchiteg rutilus and Corethrella appendiculata,
predation by these species is the predominant regulator of prey
populations. But, because these predators are among the most
susceptible to drought and freezing, these factors indirectly
reduce predation to affect both the absolute and the relative
abundance of prey species. '~ North of the range of T. rutilus,
freezing is the major factor limiting the occurrence of species
but intraspecific density-dependent factors and, perhaps,
competitive displacement may take place. However, published
evidence for density-dependent development in actual treeholes is
lacking for eastern North America; evidence for competitive
displacement is, at best, circumstantial. Nonetheless, available
evidence indicates that the distribution and abundance of
treehole mosquitoes in eastern North America are regulated
primarily by the interactions between biotic and physical

limiting factors.

INTRODUCTION

Ever since Malthus and Darwin, competition has been
envisioned as a major factor organizing natural communities.
Most theory over the last 20 years has emphasized competition as
the major force affecting the number and coexistence of species
in a community. Species may coexist only if they evolve sub-
habitat specializations and so avoid competing for the 1limiting
resources f{(e.g., Cody 1968; MacArthur & Levins 1967; Schoener
1974; Pianka 1969; Cody & Diamond 1975). One might well expect
these considerations to be all the more acute 1in restricted
habitats where the inhabitants are forced to deal with one
another at close quarters and there 1is mninimal outside
interference. It 1s in this context that we set out to
investigate competitive interactions among treehole mosquitoes
where the very restricted nature of the habitat begged the
question of coexistence. :
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Fig. 1. Distribution of treehole mosguitoes
m»manno:oan (1946). Darsie & Ward (1981}, and personal P
bars show the range of each species along the Atlantic coastal
the range of each species along the Missiasippi River valley.

transect end abruptly at about 30° N due to the Gulf of Mexico.

stern North America (east of the Mississippl River)
nvmnwamnmmmw<m: culicid and one chaoborid species whose preferred
habitat is the rot holes of deciduous trees {Fig. 1),
Collectively, they range from subtropical south Florida o.mm 25
N) through the temperate zone to central Canada (ca 50°N) UW«
only one specles, Aedes triseriatus (Say) extends over this
entire range. Species richness is highest from 50nm5mn: Florida
(30°N) to the mid-Atlantic states and midwest (40-42 N). Specles
richness is lower both north and south of this range.
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Nonetheless, 7-8 species are known to co-occur fronm 31-4I'N. The
basic questions we are addressing then, are (1) what factors
1imit the distribution and abundance of these species and (2)
what factors permit the coexistence of 7-8 species in such a
finite habitat? To answer these questions, we investigated the
interactions among five coexisting species at a single locality
in north Florida and then used these interactions to interpret
conditions at other geographic localities.

HABITAT UTILIZATION IN NORTH FLORIDA
We chose as our study area the Tall Timbers Research Station

(Leon Co.) where treeholes are colonized commonly by four
species of mosquitoes, Toxorhynchites rutilus septentrionalis
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Fig. 2. Seasonal weather patterns and incidence of treehole mosquitoes

Timbers, Florida, in 1978. Top line shows number of holes sampled vnu census nwa M.m“_“
period (bar width) during which that census took place. Top graph: histograms show
rainfall per day averaged over five-day periods except for the 26th to last day of
each month; open diamonds plot 10-day average air temperatures, which closely
approximate treehole temperatures (Bradshaw & Holzapfel 1977); closed triangles track
percentage of holes examined that contained standing water. Bottom two graphs plot
percentage of wet holes occupied by larvae and pupae of each species. Species
abbreviations as {n Fig, 1. (From Bradshaw & Holzapfel 1984.)
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The reason for the absence of species without drought-

resistant stages from transient treeholes appears s
but reasons for the absence of A. triserjatus from more permanent
treeholes are not {mmediately obvious. The more permanent holes
are occupied by four species of which two, T. rutilus and C.

To nvestigate the

appendiculata, are obligate carnivores.
effect of predation on emergence success of prey species, we set

out 10 tires in a hardwood hammock at Tall Timbers (Bradshaw &

Holzapfel 1983). From five of the tires we removed all eggs of
at the same time, removed

T. rutilus at least every 72 hours and,

and identified the pupal exuviae found in all tires. Between

mid-March and December the presence of T. rutilus resulted in an

89% reduction in prey emergence and a shift from an A.
jgnifera-dominated emerging population

triseriatus to an 0. signifeid
.m»a.m.. iIn fact, while 213 A. triser tu emerged from the

@ @

N
T

Log(N +1)

~0S AT AB

0-08 AT AB

success of prey species from five tires from which T. rutilus had

‘Fig. 5. Emergence
been excluded (left) or from five tires into which T. putilus had free access {(right).
z-nonwuvcganionausc Harch-Deceaber 1978. Species abbreviations as in Fig. 1

(After Bradshaw & Holzapfel 1983).

five tires with no T. rutilus, none emerged from the nhnmuno
which T. rutilus had access. Substantiating these results 1in
tires, we found that persistence and pupation of prey species in
treeholes were also differentially affected by I. rutilug
(Bradshaw & Holzapfel 1983). In the presence of T. rutilus, A.
triseriatus were more likely to go extinet or fail to pupate than
in holes without the predator; conversely, in the presence of T.
rutilus, 0. signifera and A. barberi were more likely to persist
and pupate. Thus, although all species are affected by
predation from T. rutilus, A. triseriatus suffer n»uvROMOna»oamnm
mortality. It is this differential susceptibility to predation
which may explain relative scarcity of A. triseriatus in

otherwise suitable, more permanent holes.

The above observations provide the pases for habitat
segregation among the treehole mosquitoes in north Florida. Aedes
triseriatus is susceptible to predation but finds a refugium in
the more transient, drought-prone holes. Of the remaining four
species, two are predators and two are primarily filter-feeders
and browsers. Of the two predators, T. rutilus is the largest

primarily on older instars and

member of the community and preys
pupae (Bradshaw & Holzapfel 1983) while C. appendiculata is the

S P, - -

C

DISTRIBUTION AND ABUNDANCE OF TREEHOLE MOSQUITOES

smallest species in the communit
y and feeds mainl

prey instars {Lounibos 1983). Of the two prey w»:ozwrwoc“mWM
mmmmw:mnnv»Smem. A. barberi is a highly specialized surface
nosmwn cevwm Dm?mmhﬂmnmnm mmmnu in the benthic and 1limnetic

. . egree of habitat segregation
with the pervasiveness of T. rutilus o_ﬂmo. m. cwmupmmmwu»mmm
continued coexistence of these five species.

Coexistence based on habitat segregati
mean that competition is not nﬁﬁ»:@dewnm.oa mmmwmﬂwmnuwnmmwwmmwm
NﬂMﬂMan w valuable or necessary resource is sought together by a
nunb nmmocwmwawwm»hoMrwwM mmamwxwzn or of different wm:nu. when
supply; or if the re
short supply, competition occurs when w:»awwMCNMMQwM:MOnnst
MwwmwumMnnrwm<mﬂn“mwmﬂu Hmwnns owm Hm50nrmn in the process”
. n laborator or u -

cultures of mosquitoes, increased larval am:w»w% m:m NMM:MMM“MMW
resource depletion result in both longer larval development and
reduced pupation success (Surtees 1959; Moore & Fisher 1969;
mmena & McClelland 1979; Moeur & Istock 1980; Istock et wau
qnwnm mmm% & Carpenter 1982; Carpenter 1982, 1983; Livdahl 1982;
p urtis 1977a). Density-dependent development as a result
o progressive resource depletion should, at a given time be
manifest as (1) younger populations, i.e., lower mean »:unmn. and
(2) lower pupal: total biomass ratios. ’

Biomass of treehole mosquitoes 1is r
eadil e
Mwun@:»:@ to each individual the mean weight of awwn wwwwwmmmm»w«
. The glopes relating biomass to stage of development do not

.—o [ L] d.-anﬂ—__ 1] -m L] p L L] ¥ L -. )
o--0T. s o---0 0. signil ’
&—a A barber p —a A Eaﬁm.mcu
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DISTRIBUTION AND ABUNDANCE OF TREEHOLE MOSQUITOES

A Continues to Exploit ®
and to Avoid @

A Exploits @
A’ Exploits &

A Evolves to A’
A’ Continues to Exploit [

Fig. 8. Progress of the migration-adaptation syndrome in the ancestral (left) and new
{right) habitats. Wy = fitness in the ith type of treehole: Pn . Pprobability of
successfully migrating back to the ancestral habitat; 1 and 2, treehole types 1 and 2

vespectively.

because of adverse climate, predaticn, or a combination of these
factors, there is no intraspecific competition. Under these
circumstances, species A will continue to exploit TH-1 and avoid
TH-2. Now, suppose some members of this population migrate
passively to a new habitat where there are only TH-2 available.
If the fitness of species A in TH-2 is greater than the product
of its fitness in TH-1 and the probability of its migrating back
to the ancestral habitat, species A will remain in the new
habitat and adaptively exploit TH-2. After a number of
generations, species A will evolve to species A’ such that
species A’ has a greater fitness in TH-2 than in TH-1. Under
these conditions, species A’ will continue indefinitely to
exploit TH-2 in the new habitat. If a member of species A’ were
to migrate back to the ancestral habitat, species A’ would
exploit TH-2 and avoid TH-1 which continues to be occupied by
species A. When viewed in the present, species A and species A’
would exhibit habitat segregation that might appear to have
arisen as the result of competitively driven niche shifts. In
fact, at no time during the migration-adaptation process did we
have to invoke competition. Rather, evolutionary change and
habitat specialization took place as the result’ of adaptive
opportunism. Our migration-adaption syndrome model resembles in
many of 1its essential features the concept of host-race formation
by a number of insects (Bush 1969; Huettel & Bush 1972; Phillips

.
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POt 'ON  TREE-HOLE TROPHIC TROPHIC
rolN oy  PERMANENCE  AFFINITY  SPECIALIZATION
Browser & | | Benthic &
Canopy filter-feeder fimnetlc 0. siba

Browser & | | Benthic &
fillor-feader Himnetic A. hendersoni

Browser &

tilter-feeder Benthic & | . o yriseriatus

fimnetlc - ——

._ Small prey _|.'m. appendiculata
._ Surlace _l'.>|. barber|

[Transiont |

Lower
Predators

Peorsiatent

Browsers &

fitter~feedors Bonihlc &
fimnetic 9: signiters
Basal Tupelo-gum & cypress swamps A. thibault
Fig. 9. Habitat segregation g treehole gquitoes in eastern North America (see

text for explanation).

& Barnes 1975; Wood 1980) and reflects some of the trade-offs
between ability to exploit the current habitat and to colonize

new ones (Edmunds & Alstad 1978).

Habitat segregation of treehole mosquitoes in north Florida
can now be viewed in 1light of both competitive and non-
competitive models. among five species, two are obligate
carnivores preying differentially on larger and smaller prey
(Fig. 9). However, the other gspecies in the genera
Toxorhynchites and Corethrella are also obligate carnivores and
tend to be the largest and smallest members of their respective
communities. Thus, T. gutilus and C. appendiculata have not
evolved their carnivorous habits so as to avoid competition with
0. signifera, A. triseriatus, and A. barberi; nor, did they
evolve size-specific predation in order to avoid competing with
one another. Rather, each possessed its distinguishing
characters at the time of their first encounter and entrance into
the community. Similar arguments can be made for A. barberi
which belongs to a genus of highly specialized surface feeders
and for A. triserjatus which belongs to a genus characterized by
their drought-resistant eggs. Anopheles barberi and A.
triseriatus did not evolve these attributes to avoid .competing

13
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uwou....nnn 19683), and from 27°N in Florida represent 29 holes sampled once (Lounibos

(3) In tires to the north of Tall Timbers during 1974, the
pattern observed at Tall Timbers persisted over a 10° shift in
latitude into Pennsylvania but changed dramatically between

Pennsylvania and either Michigan or Massachusetts over a 2.5°

shift in latitude. This change was characterized by the complete
absence of T. rutilus and a reversal in the relative abundance of
A. triseriatus and 0. gignifera at the more northern latitudes.
This latter reversal is against the seasonal gradient since at
northern latitudes A. triseriatus enter diapause as embryos
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(Holzapfel & Bradshaw 1981; Sims 1982; Shroyer & Craig 1983}
while 0. signifera diapause as larvae (Baker 1935; Bradshaw
1973); during September 0. signifera should then be increasingly
more abundant than A. triseriatus as one proceeds north.

{4) Relative abundance of species was most consistent
between 1974 and 1977 at lower latitudes and most divergent at
higher latitudes. The greatest changes occurred in Pennsylvania
and Maryland where 0. signifera was absent and T. rutilus less
abundant but A. bparberi and A. triseriatus more abundant in 1977
than 1974. Thus, between 1974 and 1977, tires in Pennsylvania,
Maryland, and, to a lesser extent, North Carolina, exhibited
species abundances more characteristic of tires in Michigan and
Massachusetts during 1974.

The differences between peninsular and northern Florida may
be due to the increase in the frequency of prolonged drought at
the former locality. As one proceeds from continental North
America down the Floridian peninsula, the probability of a long
dry period increases (Bradshaw & Holzapfel 1984). We have
already noted (Bradshaw & Holzapfel 1983, 1984) that, after a
long drought at Tall Timbers, A. barberi is absent, T. n:nwwnum

u

0. signifera, and C. appendiculata decline in abundance
persist, and the relative abundance of A. trigeriatus rises

dramatically. A similar pattern 1is observed in peninsular
Florida (Lounibos 1983). Prolonged rains in southern Florida are
accompanied not only by an increase in treeholes containing I.
rutilus and 0. signifera but also a decline in A. triseriatus
that is associated directly to predator abundance, especially
that of C. appendiculata {Lounibos 1983). Thus, the distribution
and abundance of treehole mosquitoes south of Tall Timbers
appears to be limited by weather either directly or by its effect

on predator populations.

The distribution and abundance of treehole mosquitoes remains
relatively constant from 30°to 40° N latitude (Figs. 2, 10).
Between 40° and 42° N, the first species to drop out of the
community i1is T. putilus. At Tall Timbers, the presence of I.
rutilus was associated with a rise in the local extinction and a
decline in the pupation success of A. triseriatus: the opposite
effects occurred among 0. signifera and A. barberi (Bradshaw &
Holzapfel 1983). Chambers (this volume) has shown that pupation
success of A. triseriatus relative to 0. signifera is similarly
reversed by T. rutilus in laboratory microcosms. At Tall
Timbers, T. rutilus is a limiting predator and in its continued
presence, prey specles do not compete (Bradshaw & Holzapfel
1983). When T. rutilus is absent, 0. signifera in New Mexico
(Bradshaw, unpublished) and A. triseriatus in Indiana (Fish,
unpublished) reach self-1imiting densities. Based on these
observations, it 1s tempting to conclude that in the absence of
T. rutilus, prey populations are limited by resources and their
relative abundance reflects competitive ability. If so, the
patterns observed in Michigan, Ohio, and Massachusetts suggest
that A. triseriatus dominates 0. signifera but that A. barberi is
able to persist at higher frequencies, perhaps because it is able

17



61

pue Jaap1od oq pinom L3yl * £1auanbasuo) *SPUTM IDJUTM PTOD O
mu:mwmxu aaqeaab ybnoayz ss07 JESY 8ATIOBAU0D O3 ao9fqns aaouw UM
pue ‘poom wcﬂvcsouu:m aya ybnoayjz ssol 3Iv3Y SATIONPUOD 0] qo9fqns
aaou .on jeay S£3T PIOY PThom satou aaybTy asay3l ‘adUTH Y3
uy gatoyoaa] Teseq aae ueyl 10073J 369203 8Yj uo asker Laepunoq
ayy woaj pajeaedas aioum pue S3Ydueaq ASUUTYY ‘197TeWs Uf 8q 03
Ata)tt oae Adoued a3yl U B8ITOUIIAL *GaTOY 23MOT Ul BNJETAO8FA3
‘¥ 3O pue a9yHIY uy Juosiapuay 'Y Jo satemdy 4q uotr3ysodyao
aoae} Yo UM §1039eJ BSAF3IDATAIES Inoqe  ATIITT Mouy aM
*(aubya) 2equosdog
wonm sydeab oYy *£3yred01 SIY3 20 umuﬁuowwuw“ ummw_m.ﬂwN .MQ._MNN:M.MM"“ wnuu““ﬂnwguou
uganp (N mov. vjueafAcuuad uj J0[poos A20%ITY-%LO UY U} G3YHJIY sSnojIvA U Huny uw
sn37a30p 21643217 Yitm popaas Goa}7 arfqowoine uj sbba TRTTIAI "I Jo JoquwnN ‘11 .w«m
(s19j0W) 1y6iaH

S1
Ll

(1+s663) 6o

1000 >d 1000 >d
160=1 850 =4
Jd L o Joz

*s3®
-qns ©8ap3oedsaa  3T9Y3 woaj JuausdefdsIp aAT3T39duwod wuwwmmm
07 uasjjed JUs3ISTEUOD OU EF 2a9Y3x ‘SNY] *9§0303 8yl Ul STIA3T
11® 3e 1reaaad o3 37 40adxa pInNoM auo ‘10333adwod 13333q aY3l d3aa
FNJETae5Ta3 ‘¥ JT ‘Ataeryuys -juasqe s} Sn(yInd ‘I aasum satoy
1{eseq Uy TFuosispuay -§ pur3 o3 32adxd pInos duo uaYyjl ‘uogjqepaad
Jo 9snedaq £910Y _219MOT WO1J PIapNIox3 anq Ja03139dwod  13339q
€ 9a9M FUOSABpPUIY ¥ 31 *359103 9y3 ur UbIaY UITN £11eT3qUdUOdXd
gauyToap sntyrana I Jo uoy3¥7sodyao ‘wjueatdsuuad UF 3eY MOUS (T1
*H13) $9aF3 A1IqOWOINE wWOAJ vjep puE ‘anddo yjoq ¥yeInojpuaday *j)
pue SATFINA 'Y 219uys ePTIOTJ UT Juasqe 10 uoumooun s JUuoOsJopusayq
Sopoy ¢soyoads 9sayj  Jo  abuea ayl urylIIA guaddey 3Jvya Inq
TyeInojpusdde J pue EBR{IINA Y 3Jo abuea ayj jo 3PIsINO TTeaaad
SUOTJTPUOD HUFITUTT-22IN0S32 3BY] SIJVITPUF  dA0qe uotssnosIq
‘qe3iqey-qns (eFoads ydows wmoiy juamaderdsIp 9AF3ITIAdmWOD  3NOAUY
o3 buyjdusy sy 37 ‘ureby *g31e3] [e21HOT10Tq 23430 3O £qo1aea ©
uy EnjeYJas7ay 'Y woaj JDUTISIP ST pue ‘(LL61 peIsutag) €asjyjubis
‘0 4u3IIm ueyl T¥qTe ‘0 YITM aaom pajerdosse ST ‘(8961 byead
% uemnal ‘1861 3393904 § TTGUDIIW) 23jes paufels £1daap asaom ug
(1861 2393008 % TTaYSITH {LL6T PeISWFID § OYSUIS 1261 33®¥IOISQ

§90L1N0SOW FTOHIIYL JO IONVANNAY ANV NOIINHTUISIA

(

-1

¥ 1IoYos) 183103 ¥YJ Uy gsyanal aoubyy 3e punoj ST pu® g3150d1A0
*BAFETA95143 ‘¥ Ul paaeduod uaym +JUOEAopuay SopoY

. *jejrqey-qns
STY3 UTUITA TITNRGIUI *§ HuraTUTl Sa039®F JnOqE umouy ST HUTUION
*700d 2338MpoOT3 ® pue aToysaa) reseq v uaamiaq Kemjtey ST pue
sso03ynbson ayoydaal Aaylo aul woa3y 3dUTASTIP £29A ST YITUN ae3rqed
-gqns ® saydnddo fIneqial ¥ Ieul qasobbns SUOFIBAISSqO 9S3UI
439y3aboy uane] -pursyadans 3Jou st gayoads aToyaaal aayjo Jo
souasqe 9y3 pue F3heqiqa ¥ W 2o$u31aN220-02 83F 08 (D *H51d)
safoyaaa] pauiels A1ybry 837 UF 8INII0 A1aeltuys ERJETA9STA3
Sopov *§n37a39p 9Toya’dal ou Hujurejuod asoyj Ul pue 2913
ay3 ut asybiy 03 pasoddo se punocab ayjz uo 398 asoyl uj juepunge
aaou aae Aayy ‘saayly ug £(gg61 193dezTOH B8 meyspeag) saioyasail
{eseq uy ATTeUOISEID0 vandeiod °) pue suenjs94 °H punoj aaey aM
-(y86T ATTISNOW) 8391l pajooadn yjeauaq sMorTTOU jam UY ganueiod
*3) pue (pPIRJO3UL) Tisuopeuws capoy UITA UOT3BFOOSEE UF punoj uaaq
sey TI(NEqFU3_"¥ ‘W3zou syjand -Bnjefa08¥a3 ¥ pue 332113nbo)
PIANUC(OW ©II6FIND si9)TeM BUe3zfaxo3d Xa1ny spreqoOay], Suenjsoad
XS5 Y3aTH Pa1andd0-0d eweqety ut Tarneqyaa ¥ Ieul 3aodaa (8E6T)
Laxyoe] pue SPIATUS -gyood juauvmaad-juas U} POOIS a0 buypooil 03
qoofqns aaam YOITUM SITOU UT juepungqe Afaernogaaed aian TAINeqIul
F5p5¢  ‘UOTY WNUDOYASID wnfpoxel  Ppue seysaey ©IOTIF PSSAN
4 sygaey TI[JEnbE wEsAN Aq pauo3 sa3T3FARD 3001 pue teseq aepinoad
ayy a9jaad 03 walds gsotena3 Hurlysodia0 -gduems ssaadLd -
unb oradny aya 03 Pa3IDTFAISAA 87 YotyM sagdoads pazyletoads AT1ubIvq
® bugaq se (9%61) ad3juadaed 3 supjuar &q paqyads3p SF FaTneqiul
§5psy  -aojeg  ¥qie BTA@OPOdOU3I0 pue 112234300 JUGEApUSY 5PV
‘qeuy 3 aviq I3INeqIIl $opay :eotpasuy Y3IaoN uiajsea uy saojrnbsou
aTouys9a3 ©9q O3 PaIdPIsUAd Aireasusp aie S8I8YI0 AU E-TY) &
pue sajoyasay UF punoj Araenbaa am saydads asoul sapysod

*uoj3t3oduod gdeyaad ‘pue buyzaail Kq
A11eTaua3933TD PaIdaIIT aae suojjerndod Load ‘auoz STUI 30 yjaou
tuogaepaad pue ayénoap Aq K1yasuyad poajuil 9i® goyoads 4aad
*FRTIINI T juajsysaad jJo shuea ayl UTUITA _ ‘sSnuj *¥asqaeq 'Y
10 Enjeiiasyag ¥ uo ueyl BATIInd 3 pue Vi yfubjs 0 uo 302338
oTjeweap aaou v s¥Y PO pugzasaj eud qsab6ng SUOTIEBAIIEqO 25SUL
-gapn3Fiel uUIayjaou osaou K1aar1qoadsaa 3B PIA2ISqO Kysnotasad
asoyy 03 aeriuis guaajjzed 03 Pa33FuUs pEd vjuea(Asuuag 03 BUFTOIB]
yjaoy woaj s3o03ynbsou atoysaaj Jo aduepunqe dU3 ¢+ 3aquagdas
puIMOITO3 BUL ‘(N 9€) F®uyloaR) yjIoN UF aeAIeL 9AT1 3O
sajafsuap padnpai pue puetiaey pue wiueaTisuusd uj Fioqieq ¥ pue
+gagjrubis 0 ‘BnyiyInd - peap ATuo paiaa0daa an 2357 pojleum woid
smay3 UF 227 3jOo uwd Z-T PEU gaaqui] T[Tl 3@ 85043 pue 43192e 3O
junouwe Tleus ¥ 103 ng uazoaj aaan. (N, EE) eugoar) yanog uf asoyl
(N %E) ®ujloa®) UION uasyanos se ynos iejy se PIIOs uazoa}
oaam” 89373 uauym LL6T Ul atqyssod jou aiam 8UOT329TT0D 9s3aYl
1GL6T 03 ZL6T woa3 S910UYIdI3 pue 89aF3 WO3J IRAIR] HUTI2UTMIIA0
9091102 03 a[qe uadq puy an sesaayM ° (1861 svuspead 3 19 3dezTOH)
{emiou ueyl} 29p10d J .9 aan0 pobwaaae [L6T IO Laenuepr INQ
s{emaou uevyy} ISPTIW 213 9.61 03 203ad apedap syl 3o §2193UTH UL
+£{ptdea K£aaa jnoqe awod Xem aan3onais Ajjunumod ug abuey)

«90In0891 97073avd-90E3IANE SATSNTIX3 ue 3yotdxa 03

S30IIN0SON ITOHIIUL J0 FONVANNEY GNY NOIINGIYISIA



‘m | .

DISTRIBUTION AND ABUNDANCE OF TREEHOLE MOSQUITOES

cool faster, increasing the probability of freezin tem

and decreasing the opportunity for supercooling. 9 armwmmwwmmmw
abundance of A. hendersoni in the canopy would thus indicate that
they are more cold tolerant than A. triseriatus. This concept is

supported by their relative abundances over the A S
triseriatus persists in the absence of W.EEMMAMWMMMM. on mﬂMm
Floridian peninsula but the abundance of A. triser atus relative
to A. hendersoni declines at northern latitudes. ood et al.
(1979) report that in Ottawa (45-46"N latitude) A. #mznwﬂumm»

sister

is "usually associated with but always outnumbered by its
species triserjatus.” Third, Galloway & Brust (1982) found that
in the Manitoba, Winnipeg area (50° N latitude) A. triseriatus

outnumbered A. hendersoni, but by only 3:2 in treeholes 0.75
less above the ground. Clearly, there 1{is nOSm»anWGWM

opportunity for study on the com rative physiol
behavior of these two species. pa physiology, ecology. and

1978-0
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Fig. 12. Relative abund of trechole 1t
. quitoes in a single (ive liter t
anﬂmwuwn:“n:““onan,v“wnﬂ “wuwrno_.nmuw.:a .“.”a “nn graph at mvn left enomu —n.-n.Mvo”Mnnq—.
ole a e diagram shows the relative f
each species. Top row, winter census 1 reenT oot
summer censuses. Species uuv;inn»guunu .na-.ﬂ.mn.unmoseaq or In Januarys Bottom rou,

The separation of 0. alba from 0. signifera remains much more
enigmatic. Various authors have noticed a sudden, abundant
appearance of 0. alba where it was previously rare or absent.

Sudia & Gogel (1953) report that surveys of treeholes around
Atlanta, Georgia from 1946 to 1953 yielded but one 0. alba. <M”‘

in March 1953 they found over 1,000 0. alba in a 5.6-1lite

treehole. From a single 5-liter treehole in Pennsylvania .ﬁwaw
12) we obtained modest numbers of mosquitoes, generally less than
150 in all species, for three years. Yet, 1in 1978, this hole
contained more 0. alba than all species combined in any hole we
had sampled in north Florida, including ones of over 20 liters.
Wilkins & Breland (1951) made the following conclusions about the
distribution and abundance of 0. alba: *All work to date
indicates that although the species may be regularly common
within a limited area, it is very sparsely distributed over its
range. Even in areas that have been searched intensively over a
period of several years, larvae have been recovered from only a
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small percentage of the trecholes investigated.” Where do the 0.
HWe suspect that they have been there all the

alba come from?

time but higher in the canopy. Grimstad (1977) observed that

whereas 0. gignifera in Michigan tended to be associated with A.

triseriatus, Q. alba tended to occur with A. hendersoni. More

recently, Copeland (unpublished) found 0. alba to be highly
We propose that

abundant in canopy holes in Indiana wood lots.
0. signifera and 0. alba may be vertically partitioning the
forest habitat similarly to A. triseriatus and A. hendersoni,
respectively, and -that the selective force mediating this
partitioning is winter temperature. We draw our conclusions from
the following reasoning. First, 0. alba may be more tolerant of
subzero (°C) temperatures than 0. signifera (Baker 1936). Second,
the unexpected rise in both absolute and relative abundance  of
Q. alba as compared to 0. signifera (Fig. 12) occurred
following a series of unusually cold winters (Holzapfel &
Bradshaw 1981) and the disappearance or decline in the summers of
1976 .and 1977 of previously abundant T. rutilus from sentinel
automobile tires 1in a woodlot less than 1 km distant from the
treehole (Fig. 10). Third, as discussed above, holes in the
upper canopy are 1ikely to cool faster and freeze harder than
lower holes. It 1is again tempting to conclude that 0. gignifera

competitively excludes 0. alba from lower treeholes and it is the

unusually cold weather that opened up this sub-hahitat for
invasion. However, there is no direct evidence to support this
conclusion. Further, morphological characters support an

(Zavortink 1968).

allopatric divergence of these two species
Thus, even if there 1is current competitive displacement, habitat

segregation may not have arisen through co-evolved niche shifts
but as the result of independent, sub-habitat exploitation. As

with the A. hendersoni - A. triseriatus complex, there is
here for an interesting study of comparative

opportunity
physiology, ecology, and behavior.

Unfortunately, we know a great deal less about interactions
between O. alba and A. hendersoni. They appear to coexist
abundantly in Indiana in the forest canopy in the absence of

predation by T. rutilus (Copeland, unpublished). Even within the
may be 1less important in

range of I. rutilus, predation
regulating prey numbers since oviposition by I. rutilus females
declines exponentially with height in ‘the forest (Fig. 11).

for competition between these speciles;

Thus, there is opportunity
g their

there is no information in the literature concernin

but
nm=m»ﬂ»ou or levels of intra- and interspecific encounter in
pature. If A. hendersoni 1is "the species nobody knows," (Craig,
unpublished), then the canopy populations comprise the community
nobody knows.
CONCLUSIONS
Factors 1imiting the distribution and abundance of nnﬂ@ﬂOwu
ithin

mosquitoes in eastern North America vary with geography.
the range of regular occurrence of T. rutilus, there is no
evidence that competition, past or present, has been important in
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