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lNrnonucrroN. A knowledge of the
rnosquito species that commonly feed on
reptilian hosts is necessary to better under-
stand enzootic virus cycles in nature.
Reptiles have long been considered pos-
sible reservoirs of arboviruses, and nu-
rncrous reptilian recoveries of both eastern
ancl western encephalitis viruses have been
reported. Naturally infected turtles have
repeatedly been found in New jersey.
( ioldf ield and Sussman (rg6l) reported
the recovery of EE virus from the brain
of a snapping turt le and irom the blood
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of one painted turtle and two box turtles.
WE virus was isolated from the blood of
a northern diamondbacked terrapin and
a box turt le. In the same studies, neutral-
ization antibodies to EE were found in
48 of r,46o turtles tested and neutraliza-
t ion antibodies to WE were found in 46
of r447 turt les tested.

The number of mosquito species on the
eastern seaboard that do ieed on turt les
is not l)resenrly known. Bait studies have
not suJgested that turt le feeding is com-
rnon tor any mosquito other rhan Culex
territurts. Hayes ( r96r ) found only
linrited turtle feeding by Culex pipieni,
Culex restuans and Culex salinarius in
Nlassachusetts. Several mosquito species
were artracted to turt les in his studies but
did not engorge. Aedes cunadensis did
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not readily come to turtle hosts but showed
a high rate of engorgement once attracted.
Murphey et al.  ( tg6l) reported l imited
feeding on turtles by .ledes sollicitans and
. ' lnopheles quadrimaculatus in bait  studies
conclucted in Delau,are. Culex territans,
a species known to feed primari ly on
cold-blooded animals, was the only mos-
quito rvhich re adi ly accepted turt les in
the Delaware investigations.

Mosquitoes have been noted feeding on
turt les under natural condit ions on several
occasions. Hayes ( t  q6S ) observed ap-
proximately 5o Aedes canadenstr ho'n'ering
and engorging upon a box turt le in I l l i -
nois. Nolan et al.  ( tg6S) aspirated 37
Aedes canadcnsis and a single Aedes
triseriatus from a painted turtle and 6
Aedes cunadensis from a box turtle in
Maryland. Two of the mosquitoes thus
obtained were distended with freshly in-
gested blood and were assumed to have
fed on the turt le. DeFoliart ( tg6Z) netted
r9 mosquitoes from a Blanding's turt le
in Wisconsin. Seventeen of these were
Aedes canadensis, 6 of which \l/ere en-
gorged. One Aedes cinereus and one
member of the Aedes communts group
were also take n but \vere presun-red to
have been attracted to the vicinity b) '  the
col lectors'  presence.

The write rs have repeatedly observei l
mosquitoe s attacking turt les in Neu'

fersey. In all cases, ,4edes canadensis hl'ts

been the species most encountered. A

compilat ion of. these observations and sub-
sequent experimentation are the subiects
of this paper.

Maranlals AND Mrruons. Mosquitt l

col lect ions were taken both from turt les
that \ \ 'ere e ncountere d in the wild ancl
frcn-r t .rrt ies that were del iberate ly exposecl.
Al l  turt les encountered in the f ielcl  over

a 6-year period in southcrn Neu' Jersev
$'ere routinely erarlr inecl for mosquitoes.

Collect ions \A,ere tnade by placing a stancl '

ard insect net over thc repti le and trapping

al l  r-nosquitoes that rr 'ere hot 'ering about

thc an imal .  Sevcra l  qu ick  sweeps of  the

net concentrate d the tnostluitoes u'hich

werc the n k i l l cd  in  a  cyanide i " .  anc l

placed in vials rvi th information concern-

ing date, location and turt le species. Mos-
quito identi f icat ion was later performed
at the labortory where engorged specimens
were subjected to serological tests to de-
termine unequivocal ly the source of hosr
blood.

For field exposure s, ten easte rn box
turties. Terrapene carolina carolina, were
captured and held as test animals. [n
early tr ials, turt les rvere e xposed within
circular wire enclosures approximately 2
ft.  in diameter. Later each specimen was
Ii t ted with a wire r ing to which a leash
could be attached. Rings, made f rom
small diarnetenuvire, rvere looped through
a small  hole dri l led in the edge of the
carapace near the hindquarters of the an-
imal. Each turt le was then tethered on
a j-foot length of nylon f ishing cord f i t ted
with a snap swivel that could be cl ipped
to the wire r ing on the turt le's shel l .
Using this rnethod, turt les were free to
q'alk within a 6-foot diarneter circle. In
most cases, turt les were active, continual l- t '
walking in a circle which soon became :r
well  demarcated path. Late in the after
noon and when mosquito acti i , i ty was high
during the day, turt les we re frequenth
found burrowed into the leaf l i t ter. \ los
quito col lect ions from tethered turt les u'ert
made,  us ing an insect  net  as prcv ior rs l r
dr :scr ibed.

Tethered box tur t les  were s ta t ionct i
c la i lv  a t  each o i  hve d i f ferent  locet ion.
near  Woodbine,  New ]ersey,  dur ing th t
fal l  of t9(t7. Tu,o of the stat ions \\ 'cr(
in  dr ied depress ions wi th in  c l imax u 'oor l
lancls of white oak. These dried dcprcs
sions \vere woodland pools which \\ 'er(
:rssur-ned to have producecl Aedes ( Luttt t l
rzsrs  ear l ie r  in  the season.  Other  locat ion.
inciuded a recl r-r-raple u,oodland, a u'hit ,
cedar  swamp at rd  a  whi te  p ine p lant l t ion.
Bccause locations \\ ,ere separatccl Llv se r
cral tni les, observations \\ 'ere not l lc r
forrned at st:rncl:rrd t ime intervals. Ct, l
iec t ions \ \ 'e re  usual ly  begun in  the r lav t inrc .
:rpproxin-rate ly :  hours af ter the turt lcs
l .ad been cxposed,  but  severa l  co l lcc t iont
rvere also macle af ter dark f ron-r turt le s
rvhich had been exposed up ro 6 hours.
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Nloscluito populat ions in the Wooclbine
area \ i 'ere concurrentlv sarnDled with
resting boxcs and l ight i .rpr. t lol lect ions
iron-r 5o re,.t ing boxes. distr ibuterl  throrrgh-
out the arca, were taken each nrorning
that turt les \\ 'ere exposed. Five standarcl
and f ive battery opeiated Nerv Jersey l ight
traps were activaterl  at clusk fol lon' ing
turt le exposure.

R r,sur-: 's AND I)rs.:r 'ssroN: ( r )  Col lec-
t ions From Tur t ies  Encountered in  the
Wi ld .  The resu l ts  o f  r7  mosqui to  co l lcc-
t ions f rom 5 dif ferent turt le specics are
l isted in Table r.  Each col lect ion repre-
sents one isolated instance where a turt le

' I u r t le  
hos t

\o nrosquitoes w'cre detectet l  feeding on
turt le.s during the rnid-sunlnrer months of
any year. Excessive rains late in the surn-
nrer of 1967 tr iggered a lare season broocl
oi . tcdes canadcnsis, and nearly every tur-
t 'e encour-:tered aiter this brood emerged
ri ' r : ;  being attacked ' ,rv nrosquitoes. Col,
lect ions at this t ime revealed that . Iede,t
canadensis tvas the most (--olnltton mos-
qu i to  fced ing on tur t les ,  but  s rna l l  n t rnr ,
bers of f ive other species rvere col lected as
rvel l .  . lede: at lanticu.i ,  r  rere specics irr
\eir '  |crsel,  was taken on three occasions.
.\  single engorged specinren rvas subjected
to serological tests and \vas shown to

Tanr - r  r . -Mc,sc lu i tocs  co l lec tcd  f rom tu r t les  ovcr  A  s ix - \ ' car  t rc r io t l .

Date Mosqu i to  spcc ics F.ngorgccl Uncngorgecl 
'J'otal

Snapp ing  tu r t l c  1

Redbc l l i c r l  tu r t l c  2

F.as tern  box  tu r t l c : l
Eas tern  box  tu r t l c
Eastcrn box turt lc
.Spot te r l  tu r t le  a

Spot tc t l  tu r t l c

L-astern nrutl  turt le,-,
l iastcrn box turt le

Las tc rn  box  tu r t le
L-,astcrn box turt lc

I ' .as te rn  box  tu r t l c

F- ls tc rn  box  tu r t l c

[; .astcrn box turt lc

I i :rstern box turt le

I lastcrn box turt lc

F,astcrn box turt le

I; ,arly Scason Collect ions

,1 cd c.t t'tt n ur/ e tt ; t s
Aedes cunttden-;ts
. lcdcs t t tnt lettsts
.4cdcs canadcn,;ts
,4edrs t rtnudcttsis
,.lctlcs t rrttudcnsis

[ ,a te  Scason C, r l l cc t ions

I cd c'.i t tt n u r/ c' n,; t s
Acdcs at/tnlit rt,s
. l cd cs t tt tt,tt/ ctt ii s
Aedcs c'anadcn,;ts
.4cdcs sollicituns
Culcx s1't. S
.7cdcs trtntr/cnsts
.'tcde.: r'ttiludcn!is
,4edes atluntictrs
.'1 q/ ts r'rt tt al t t t s t s
,l edcs sollit ita n s
Aedes cuntrdensis
,4cdes triscrittttts
.7cdet'cnnttlcn-ri.,
Aedes atlantit'tts
:1edes canadensis
Aedes cuntator
Acdes triseriattrs
,4edes tunadensis
Culex salinarius
Aedes canadcnsis

6 f6 t .
6 / 6 2
6 /  6 t
6 / 6 s
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I I
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I I
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5 9
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o
o
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o

I I

o

o

4
o
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I Chclydra serpentina.
2 P seud em ys ru bri a entis.
:r Ten'apene carolina carolinu.
a Clemmys guttottt.
5 Ki nosternon su lrruhrum subrubrunt.

in the wild was found being fed upon bv
mosquitoes. Aedes canadensis, a common
spring mosquito, was the only species col-
lected from turtles early in the season.

have fed on a turrle host. A description
of the .ledes atlanticus collections has-been
published elsewhere (Crans, r968). Aedes
triseriatus was taken on two occasions. but
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neither specimen had taken a blood-meal.
.4cdes sollicitans, Aedes cantotor, and Cu-
lex salinarius were taken in small num-
bers, but no e ngorged specimens were
included. Aedes sollicitans were narticu-
larly numerous when late season col lec-
t ions were being made, and i t  is possible
that the ferv snecimens taken were at-
tracted to the collectors rather than to the
turt les. The col lect ion technioue involved
sweeping the insect . , . t  , .u. i" l  t imes to
concentrate the mosquitoes in the net bag.
and although efforts were made to exclude
airbornc moscuitoes. soecimens could have
becn ss 'ept  in to  the co l lec t ion.

The rnajori ty of turt les sarnpled \\ 'ere
cncountered on roads or  bask ing in  ra in-
pools. ,ledes canadensis rvere observed to
hover :rbout a turt le, usual lv in a clense
cloud w'hich w:rs visible fron.r a cl istancc
of many yards. Unless a net \ \ 'as cluicki l '
placed over the turt le. r-r ' rosquitoes u'ould
at tack the co l lec tors  in  l  l 'eer l ing l - renzr
never before encountered bv these authors
with Aedes canadensis. Sei'eral soecirnens
rvith a Dart ial blood-n'real rr 'cre observed
continuing the meal on the col lectors, in-
dicating that the species would accept mul-
t iple hosts. Obsen,ation revealccl that al-
though some mosquitoes probecl betu'cen
the scutes of a turt le's caranace. most
ieeding occurred about the head, neck

and legs. When turtles withdrew their
head and legs, mosquitoes were often
crushed. Some mosquitoes were trapped
under the carapace of box turtles when
the hinged plastron was closed. After col-
lect ions were made, turt les would cau-
t iously extend their heads, revealing num-
erous mosquitoes trapped in the folds of
skin on the neck. Often. mosquitoe s
rvould fly out from under the carapace
rvhen a turt le began to move. Mosquitoes
u,hich were crushed or trapped under
tur t les '  she l ls ,  as  wel l  as  those which le f r
the turt les to feed on the col lectors. u'erc'
not  inc luc lec l  in  Tahle  r .

( : )  Col lec t ions i rom Tethered Bor  Tur
t les. The rnoscluitoes col lecteci frotn box
turt les tethcrecl et f i r 'e dif ferent locations
ne:rr \ \rooclbine. Neu.'  |ersey, are l isted in
- [ ' lb l t '  

: .  In  a l l  co l lec t ions and in  a l l  areas.
I t 'dc; ( Ltnodcnsi. i  \ \ 'as the species takcn

nrost often on turt lcs. comprising l t lorr
than t; t1 percent of thc total.  The exposurers
nracle in driecl rvoodland depressions
thought to have produced Aedes canaden-
.r i- i  earl ier in the season ( stat ions ff  r  ancl

#+) ,  y ie lded the greatest  numbers o f  nros-
cluitoes. Stat ions $l and ff4 averagecl 7c,
and 4o n-rosclnitoes per col lect ion respec-
t ive l r ' .  e r ,cn though exposures a t  these ts 'o

l ' r rs r - r . -  e . -Mosqu i tocs  co l l cc tcc l  f rom tc thcrc t l  i r . x  t t l r t l c ' s  a [  6 . , ' . l i f fe r t ' r r t  \ t - -u ' ] c rscy  hab i ta ts

F l lb i ta t  1

Y::ry"'1"*
. ledes canadensis
.ledcs sctllicitans
.ledes triseriatus
..4cdes ucxans
.4cdcs cantator
Cttli-ccta mclanura
Cttlex rcstuans
Culcx sp. 6

Sta t ion
Stati<-,n f  z # t

S t a t i o n f f r  M a p l c  C c t l a r
Oak Woocls Woocis Srvamp

(z+)  . .  ( ,  '  )_  \Z l ,
r 7 r 5 / 4 3 o 2  2 3 5 i 7 6  : 6 , i r 5

C / o  r / o
+/o

I , ' o

2 . ' l  
*

t  1 r *

St:rt ion f 5
Station ff .1 Pinc
Oak W<xrrls I) lantat ion

_!::r l',
t  oo6 . i  423  $  i z r

9 . " * *

f  . ' o

z i  r *

' l .ota 
i

a l l  u r c r t
( ;  z )

3 o I 8 , ' g f ' <,  * *
7 1 '  t

1 / 'c ,
2 i c

) / f

3 / 2
I

l  Numbcr uncler each stat ion inrl icatcs the number of col lcct ions pcrfornrt.d.
2 Number attracted/number engorged.
* Containcd avian blood.

** Contained human blood.
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areas continued late into the season when
mosquito populations were low. At these
two collection sites, over loo Aedes cana'
densis were collected from a single turtle
on each of nine dil{erent occasions. The
highest number of mosquitoes taken in a
single col lect ion occurred at Stat ion fr t
when 569 Aedes canadensis and a single
,'!edes triseriatus were netted at one time
trom one turt le. Turt les stat ioned in the
cedar swamp attracted the feu'est n-roscltti-
toes, averaging sl ightlv over 4 tnosquitocs
oer col lect ion.

Data col lected irom turt les suggested
that Aedes canadensis n'right be the most
nulnerous mosquito at the col lect ion sites.
but l ight trap and resting lrox captures
revealed that this species actual iy macle upr
only a small  percentage of the total popu-
lat ion (Table 3). Even thor.rgh hve other
rnosquito species were col lectecl in greater
nurnbcrs in the Woodbine areA, .1edc.t
canadensis was the only mosquito rvhich
actual ly fed on the repti les. In al l  prob-
abi l i ty. some of the sirecirnens contained
the b lood of  o ther  an imals .  but  random
sero log ica l  tes ts  on over  roo ind iv ic lua ls
tai lecl to reveal other than turt le t-eetl ings.
The numbers of engorgecl . ledes conoden-
.cis taken during these studies prohibited
the serological test ing oi al l  sprecimens.

Freshly ingested blood was detected in
several other mosquito species (Table z).
but serological tests revealed that in all
cases, the blood-meals had been taken
from other animals. The two Culex restu,'
ans and the single engorged Culiseta
melunura that were taken from turtles
contained avian blood-meals" The onlr
engorged Aedes sollicitans taken from ;
turt le had fed on a human.

These f indings cast doubt on the val id-
i ty of the bait trap technique when freshlr
ingestecl biood is usecl as the only cri ter ion
ior cngorgelnent on the test anirnal.  Data
in J'able 2 suggest that some mosquitoes
nrav be attracted to the host animai even
aiter thc1, haic fed to replet ion on a dif '
ferent host. In addit ion to the attract ive-
ncss of the test animal, r-r-rost bait  traf
rlesigns also pror,ide r.r-roscluitoes with the
sh.elter of a rest ing container. and i t  is
l ikely that this cornbination of factors
n-r ight attract ful ly engorged mosquitoes.
An unbaited trap used as a control does
not control both of these factors. Engorgecl
sDecinrens u,hich had fed on other hosts
ri 'ere col lected in the nresent studies even
though the turt les were exposed without
the confinement of a structure.

It  is possible that sorne feecl ings attr ib-
tuterl  to a Dart icular test anir"nal rn bair

- l ' , rsn 
3.-Mosquito fauna in the Woodbine area as incl icated bt '  rest ing box an<l l ight trap col lect ions

Number mosquitocs col lcctccl Pcrcent
of total
catchMosqurto spccles Resting box 1 Light trap 2 Total

Culiseta mclanura
Ctrlcx -tdlindriu.r
,4 n o p l t  el  cs hrad I e,, ,  i  (complcx )
.{edes sollicitons
Culex territttns
Acdcs c,tnat/ensi.t
Cttlex pipiens
.7edes cantator
Crrlet rcstuans
.4 n o p l t  el  e s p tr nc t i  p e nnt.;
,.Iedes uetan.e
.1 n o p h el e s q tr ad r i nt acul tzl tr s
Other *

Total

ztSct

66
r 6 z

2

41r
I I

3 8 9

, o n
r 8 r

o
r 9

3558

t 7  3 5
z o 9 6
r r 3 7
I  I 5 4

3 9
. l t r

r 1
i52
r 5 4

4
l r  / -()

7
7 z 6 o

39r  5
z t  6 z
| 299
r r 5 6

4 8 0
162
.+ o.3

351
z ) +
r  8 5
t  1 7

r 9
I 2

t o , t l r 8

3 . J . 2
2 C ) . o

r o  . 7

+ ' - ' )
, 5 .  t
) ' J

1 A

r . 7
l . i

I . o

l . o '

I O O . O

I  
5o  Rcs t ing  boxcs .

: 5 Standard ancl 5 battery operated Nerv Jersey Light T'raps.
* Culiseta minnesotae, Culiseta inornata, Uranotaenia -capphirina, Aedes triset'iauts, Aedes tacnior-

ht'nchus, Mansonia perturhans, Psorophora fa'or and A'nopheles barberi.
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Iral) exl)osures are actual ly derived from
othcr sources, part icularly in those cases
u'here srnal l  numbers of n-rosquitoes are
attracted to "unusual" hosts. New' host
records based on bait trap results without
observationai or serological confirnrat ion
rna)/ not alrvays be indicative olt  a mosclui-
to 's  f rue feeding habi ts .

The high nunrbers oi . ledes canadensis
that w'ere col lccted frorn turt les suggested
that thc repti les provided somc form ot
attractant vyhich might have been selective
for  th is  rnosqui to .  Dur ing these invest i -
gat ions,  f  ur ther  ev ide nce of  a  scent  or
resitJue u'hich n-ray have served as the at-
tractant n'as observed. On many occasions,
rnosquitoe s \r'ere observed gathering at
the col lcct ion site after the rurr les had
been renroved. In addit ion, on three sepa-
rate occasions, A turt le had escaped before
col lect ions could be rnade, and in each
case rlros,-luitoes were observed hoverir-rg
about thc abandoned depression in the
leaf l i t ter u,here the turt le had previously
rested. Soine mosquitoes were resting in
the leaf l i t ter, but in al l  cases the n'raiori tv
of s;recimens we re actively hovering'over
the spot iust as they did when a rurr le
was present.

Table 4 l ists the mosquitoes which were

T'asrr:, 4.-Nunrbers of .4edt's cdntkleilsi-; attractcd
to abandoned deprcssions formccl br Lrox

tur t les  in  l ca f  l i t t c r .

f.)bservatiotr

no. Engorgcd Uncngorgccl Tc-,tal

urosquitoes w,hich hovered about the aban-
doned depression suggested that some
forrl of residue f rom the turtle \\,as ar-
tract ive to . ledes tanadensis, and possiblv
onlv to ^' !  edcs trtnudensis. Stui ies 

"r.
l)rcsentlv being planned ro resr these
hypotheses fu l lv .

Surr l r .q ,R. r ' , rxo ( } rNc l r rsroN.  Nlosc lu i toes
u,ere col lected both irorn turt les thar rvere
encountered in the w' i ld and from turt les
that rvere del iberatelv erposed at f i r . 'e dif-
ferent habitat locations. 

'Aedes 
tunadensis

dominated al l  moscruito col lect ions trom
tur t les .  cven though ' l ight  t ra l l  and resr ing
box records showed that sevcral rnoscruito
species were nore nunerous at each ioca-
tion. ,ledes canudensis anrl 'Iedes tttlan-
t i t 'us were the only species found to feed
on turt les during the investigations. Ser'-
eral other mosquito species with freshlv
ingested blood \\ 'ere col lected trom tur-
t les, but serological tests revealed that in
al l  cases the blood-meals had been derived
from other animal sources. The attract ion
ol .4edes canadensis to abandoncd oeores-
sions in leaf l i t ter forrr-red by turt les indi
cated that the repti les left  some forrn ot
residue which \\ 'as attract ive to the nros-
quitoes.
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cal)tured from abandoned depressions in
leaf l i t tcr efter turt les had e scapecl. As
many as r33 specimens were captured in
this rnanner, and Aedes canadensis was
the only mosquito species represented.-['he 

fact that engorged specimens were
naken in this manner indicated rhar some
nnosquitoes remained at the site of feed-
ing, but the high incidence of unengorged


