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LABORATORY OBSERVATIONS ON CERTAIN
MOSQUITO LARVAL PREDATORS

FRANCIS C. LEE

Department of Biological Sciences, San Jose State College

IntrODUCTION.  Studies on the role of
mosquito predators have been undertaken
by a number of workers. Baldwin et 4.,
(1955) pointed out that many of the in-
vestigations were confined to studies in
laboratory aquaria and he was rather
critical because “these environments create
conditions such as crowding, absence of
prey shelter, and lack of alternative prey,
which prevent an analysis of predation in
terms of field conditions.”

The purpose of the present experiments
was not to correlate the laboratory find-
ings with what is actually going on in
nature, but to observe the feeding behav-
ior of several kinds of predators under
laboratory conditions.

MarsriaLs anp Metnops. Egg rafts of
Culiseta incidens Thomson were collected
in Alum Rock Park in San Jose, Cali-
fornia, and reared in the laboratorics of
San Jose State College. The method of
larval rearing introduced by McLintock
(1952) was adapted. Larvae and pupae
thus reared were used in most of the ex-
periments, but specimens collected in the
field were also utilized occasionally.

For laboratory observation and experi-
mentation the larvac were kept in round
fingerbowls 4 inches in diameter and
2%, inches deep, filled with 500 milliliters
of tap water. Each bowl was covered with
a piece of window glass so that pellicle
formation would be at a minimum.

Into each bowl a “potential predator”
collected in the field was placed with a
known number of mosquito larvae or
pupde, and observations were made every
day at the same hour. The number of
mosquito larvae or pupae consumed by
each predator was recorded daily and, in
addition, detailed observations of the be-

havior of the predators were recorded.

No control was needed for these ex-
periments, for specimens were either eaten
or not, and obviously in a “control” bowl
none would be eaten. The mosquito
larvae or pupae that disappeared, or were
torn apart, during each test period were
assumed to have been consumed or at-
tacked by the predators. Dead larvac or
pupae that were not mutilated were not
tabulated because it is likely that death
might have been due to other factors.

An attempt was also made to sec
whether in the absence of light the preda-
tors would be equally capable of catching
their prey. This was done simply by
placing the bowls in a completely dark
environment (ic., covered with a black
plastic sheet).

The experiments were conducted at
room temperature (70° to 81° F.), from
March to May of 1965 and from April to
May, 1966.

Osservations anp  Discussion.  The
behavior and effectiveness of each experi-
mental predator was noted carefully, and
each is discussed separately in the follow-
ing paragraphs. The data are summar-
ized in Tables 1 to 3.

Cavtrornia  Newts  (Taricha  torosa
Rathke). The immature California newt
has been reported to feed on many aquatic
insccts, including mosquito larvae (Steb-
bins, 1951). Tn the present study, it was
found to be a very efficient predator. It
devoured all the animals that were avail-
able to it, including mosquito larvae and
pupae, damselfly naiads, tadpoles and even
smaller members of its own species. The
number of mosquito larvae destroyed,
however, scemed to depend upon the size
of both the predator and the prey, the
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TaBLE 1.—Feeding 4(’ﬂ:lClC*Jle of various predators based on obscrvations made in 1965,
(Roman numerals indicate mosquito larval instars)

No. Days No. Larvac or No. Larvae or

Predators * Observed Pupac Putin Pupae Consumed

Taricha 33 25 I 25 I
rorosa s0 II 50 II

156 111 123 I
209 IV 134 IV
23 pupac 15 pupae
T. torosa 62 (died) 50 I 49 I
25 II 25 II
10 III 10 III
44 IV 34 IV
8 pupae 6 pupae
1 damsclfly 1 damselfly
naiad naiad
1 T. torosa (smaller) 1 T. torosa
3 tadpoles 3 tadpoles

Dytiscus 14 (died) 1 IV 12 IV
marginicollis 1 pupae 3 pupae
(large larva;

4.8 cm. long)

D. marginicollis 11 (dicd) 21 IV 12 IV
(large larva; 5 pupac 5 pupae
4.7 ¢cm. long)

Rhantus sp. 15 (dicd) 30 III 22 I

33 IV 6 IV

5 pupae o pupae
Rhantus sp. 4 21 II 12 IT

17 pupae 8 pupae

Rhantus sp. 4 (died) 50 II 43 1L
(2 specimens) 47 III 4 I

Tramea 12 (died) 15 III 10 III
lacerata 8o IV 47 IV

T. lacerata 5 45 III 29 III

i 30 IV 21 IV
T. lacerara 5 39 III 20 III
36 IV 14 IV
Anax junius 29 (died) 25 I 13 1
40 IT 30 II
s III 5 III
1z IV 12 IV
20 pupac 13 pupae
1 dam=clfly 1 damsclfly
naiad naiad
1 small newt 1 small ncwt
larva larva

Libellula 15 (dicd) 33 IV 15 IV
comanche 14 pupae 8 pupae

Notonecta 10 (died) 19 IV 7 IV
shooterii 35 pupae 32 pupae

N. undulata 8 142 IV 130 IV

N.undulata 8 g3 III 62 II1

65 IV 46 IV

N. undulata 26 25 1T 18 11

g1 III 79 HI
270 IV 201 IV
21 pupae 15 pupae

Adbedus 56 73 IIT 73 III

indentats 125 IV 122 IV
10 pupac X0 pupae

* Common names: Taricha torosa, California newt. Duytiscus, Rhantrs, diving beetles. Tramea,
Anax, Libellula, dragonflies. Notonecta, backswimmer. . dbedus, giant watcrbug.
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abundance of the prey, and the state of
hunger of the predator.

Analysis of data obtained in 1966 seemed
to indicate that as the larvae increase in
size, more of them are consumed by the
newt (see Table 2). One of these preda-
tors after 24 hours of starvation devoured
five 4th instar larvae in 8 minutes. Usu-
ally, the newt did not search for prey,
but waited until some unfortunate smaller
animal came near its mouth, then it
slightly jerked its head and suddenly
snapped at the victim. While swimming
around in the bowl the predator quite
often bumped into objects. If it thus
contacted either a live mosquito larva or
some non-living particle resembling a
larva, its reaction followed the same snap-
ping pattern. When the newt made a
“strike” it rarely missed the target. It
was interesting to find that the feeding
activity of these predators is not signifi-
cantly altered by darkness.

Dyriscip BeerLes—ImmaTure. Dytiscid
beetles, both larvae and adults, are known
to be predaceous (James, 1961, 1965). In
the present study the larvaec of Dytiscus
marginicollis LeConte and Rhanrus sp.
were observed. An interesting observa-
tion was made concerning the vicious
nature of these dytiscid larvae. When
two larvae of D. marginicollts were placed
together, one attacked and killed the other
in a few minutes. In another instance,
after one larva killed another, the victor
also soon died. This was possibly due
to the poisonous nature of dytiscid saliva
(Lorenz, 1952). This same phenomenon
was observed with larvae of Rhantus.
The feeding behavior. of dytiscid larvae
was excellently described by Iorenz
(1952), who said: “The animal lies in
ambush. . . .; suddenly it shoots at light-
ning speed towards its prey, darts under-
neath it, then quickly jerks its head and
grabs the victim in its jaws.” 'The ob-
servations made by the present writer cor-
respond remarkably well with those of
that famous maturalist.

D. marginicollis larvae are considerably
larger than those of RAanzus. The former

appeared to be more efficient in catching
the third and fourth instar mosquito lar-
vae than in catching the first and second
instars, while the latter seemed quite suc-
cessful in capturing 2ll instars. As the
data in Table 2 show, large larvae of D.
marginicollis failed to catch any of the
early instar larvae, but the medium-sized
one did somewhat better. It is possible
that the larger the mandibles of the pred-
ator, the more difficult it is to catch early
instar mosquito larvae.

Darkness apparently had no effect on
the feeding habits of these predaceous
diving beetle larvae.

DraconrFLis—IMmaTURE.  Three dif-
ferent species of dragonfly naiads, Amax
junius Drury, Libellula comanche Calvert
and Tramea lacerata Hagen, were studied.
Two main types of predatory behavior of
dragonfly naiads have been described by
Walker (1953) and by Pritchard (1965),
namely, the “climbers” and the “sprawl-
ers.” Climbers actively pursue their prey.
They “perceive the movements of animals
much smaller than themselves at a dis-
tance of several inches, and stalk their
prey with stealthy, catlike motion, stop-
ping whenever the movement ceases, and
thus advancing gradually until within
striking distance.”  Sprawlers,. on the
other hand, “are much more sluggish,
and even when hungry will make no at-
tempt to strike at their prey until it comes
within reach of the extended Ilabium.”
As Pritchard pointed out, the climbers
detect their prey by sight while the
sprawlers rely upon tactile stimulation.
Careful observations made by the present
author indicate that Anax junius may fit
the “climber” category, while Libellula
comanche and Tramea lacerata seem to
be “sprawlers.”

It was observed that Anax naiads often
devour their prey very rapidly, but Libel-
lula comanche and Tramea lacerata only
open their mouths after mosquito larvae
or pupae have accidentally bumped into
their head or labium. A small damselfly
naiad was eaten by one Anax junius
within a minute and later five 4th instar
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TaBLE 2—Feeding efficiency of various predators based on observations made in 1966,

No. Days No. Larvae or No. Larvae or
Predators Observed Pupae Put in Pupac Consumed
Taricha . 41 80 1 151
torosy 40 11 15 11
160 I 119 IIT
499 IV 314 IV
34 pupae 0 pupae
Dytiscus 10 (died) 401 ol
marginicollis 80 11 80 II
(large larva, 100 III 14 11T
5.2 cm. long) 70 IV 42 IV
D. marginicollis 21 (died) 60 I 31
(medium larva, 60 II 9 II
3.7 cm. long) 120 III 6o TII
175 IV 101 IV
25 pupae 5 pupac
Tramea 14 (died) 6o I 36 1
lacerata 6o II 53 11
8o 111 29 1T
8o IV 14 IV
Lestes * 17 (died) 55 I 44 1
congener 65 I 62 11
130 I 82 II
74 IV 30 IV
30 pupac 1 pupa
Notonecta shooterii 46 60 I 481
6o 11 56 11
28¢ I 249 III
581 IV 464 IV
7 pupae 2 pupae
N. shooterii 46 6o 1 71
(with some 6o II 20 11
green algae 222 III 152 III
in the bowl) 515 IV 152 IV
25 pupde 0 pupae

* Lestes, damselfly.

mosquito larvac were consumed in 8
minutes (the first one was eaten in about
g seconds!). When three pupae were
offered to the same naiad, they were all
devoured within 30 seconds. A California
newt was placed in the bowl and it was
eaten by the naiad on the next day.

It was found that Tramea lacerata cap-
tured prey in complete darkness, but it
has not yet been determined if Anax juniu:
and Libellula comanche naiads will feed
in the absence of light.

DanseLrLis—Immarore. Damselfly
naiads have been previously reported to
prey upon mosquito larvae and pupac
(Hinman, 1934). In the present study,
Lestes congener Hagen was observed. Its
predatory behavior was very similar to the

“climber” category of dragonfly naiads.
However, while the damselfly naiads seem
proficient in catching the first, second, and
third instar mosquito larvae, they are less
proficient in catching fourth instars and
pupae. Since the fourth instar is the final
mosquito larval stage and is larger than
any other instars, it is reasonable to as-
sume that fewer of them are needed to
satiate the appetite of a predator. The
mosquito pupae, by virtue of their violent
and rapid tumbling action, may frequently
be able to escape capture by damselfly
naiads.

BackswivmEers—NympHS aND ADULTS.
Backswimmers have also been known to
prey on mosquito larvae and pupae, as
well as many other small insects (Hin-
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man, 1934). In the present study, two
species were observed as predators of mos-
quito larvac. Members of the species
Noronecta shooversi Uhler and N. undulata
Say made strikes with amazing accuracy
and tremendous speed whenever they
“sighted” the prey. Since the bugs pos-
sess sucking mouth parts, they feed only
by sucking out the body fluids of the mos-
quito larvae, leaving the head capsules
and exoskeletons behind,

Carthy (1965), reported that the vibra-
tions caused in the water by swimming
insects attract Nofonecta to its victim,
“which it locates by means of sensory
hairs on its outstretched oarlike legs.
Orientating itself to receive equal stimu-
lation on the two sides the bug swims di-
rectly to the prey.”

The results obtained in the present re-
search indicated that the backswimmers,
both adults and nymphs, were able to
catch some of the first instar mosquito
larvae, but the rate of capture increased
when older instars of mosquito larvae
were available (Table 2).

It was interesting to note that a single
backswimmer (N. shooterii) in a bowl
by itself showed a greater prey-consuming
rate than did any of those in another
bowl where three backswimmers were
placed at the same time. Tt might have
been expected that, as the abundance of
predators increased. there would be a
corresponding increase in the number of
mosquito larvae destroyed. The observa-
tions, however, showed the contrary to
be true, and this requires an explanation.
It was often noticed that when two or
three backswimmers were put together
they tended to cling to one another, more
or less assuming a “mating” position. It
is possible that in the presence of two
or more backswimmers, particularly when
one is a female, there are behavioral
changes directed toward sexual preoccupa-
tion rather than feeding activities.

Tt was also noticed that the number of
mosquito larvae consumed by a backswim-
mer nymph was reduced considerably dur-
ing the molting period of the predator.

However, the predation was resumed as
soon as the molting process was completed.

As compared with other predators, back-
swimmers appeared to be exceptionally
successful in catching mosquito pupae.
Tt is very likely that their lightning speed
of attack is largely responsible for this
success. ‘

It should be mentioned also that add-
ing algae to the bowl appeared to provide
considerable protection to the mosquito
larvae (see Tables 2 and 3). It was also
observed that as more and more pieces of
algae were removed from the bowl the
number of mosquito larvae devoured
seemed to increase steadily.

Placing the backswimmers and their
potential prey in total darkness seemed
to have no effect at all on the feeding rate.

Guanr  Warsr  Bues—AbuLts  anp
Nymeus.  Giant water bugs are known to
be the masters of their immediate environ-
ment. They have been reported to feed
on a variety of insects as well as on tad-
poles and fish (Usinger, 1956). In the
present study, Abedus indentatus Halde-
man was found to be an exceptionally
efficient predator. The manner of feeding
on mosquito larvae is somewhat similar
to that of the backswimmers, since both
kinds of predators possess sucking mouth -
parts. However, since giant water bugs
are relatively large insects, it is no sur-
prise that they eat more. Usually 10 to
20 immature mosquitoes (third or fourth
instar larvae) were destroyed within 24
hours. Because of its enormous size, the
movement of this predator is usually
somewhat sluggish. However, whenever
it makes a strike at a victim, its accuracy
was comparable to that of the backswim-
mers.

Cowcrusions.  The number of imma-
ture mosquitoes consumed by predators
depends upon several factors, including
the following: the kind of predators; the
size of the predators; the size of the prey;
the state of hunger and the activity of the
predators; and  probably many other
factors.

It is difficult to conduct this sort of ex-
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TapLe 3.—Feeding efficiency in normal laboratory condition compared with
that in dark condition (1966).

Normal Illumination Total Darkness

No. Larvae No. Latrvae No. Larvae No. Larvae

Predators Putin Consumed Putin Consumed
T. torosa 20 11 61 20 II 1 11
40 IIT 30 1II 40 1T 17 I
D. marginicollis 40 10 23 III 40 TII 17 HI

(medium larvae)

D. marginicollis 20 II oIl 20 IT oI
(large larvae) 20 IV 15 IV 20 IV 17 IV
T. lacerate 20 II 18 11 20 I 19 II
40 I 2 I 40 111 27 111
L. congener 20 1T 19 11 20 11 16 11
40 III 39 III 40 1 27 I
N. shooterii 20 11 18 11 20 II 20 II
6o III 6o 1 6o II 59 111
N. shooterii 40 11 17 I 20 11 g I
(with some algac 50 III 40 11T 40 111 27 1II

in the bowl)

periment over an extended period of time,
due to the fact that certain predators such
as immature dragonflies, damselflies and
dytiscid beetles cannot survive in the labo-
ratory very well as they are approaching
pupation or maturity, for in nature these
insects require certain environmental con-
ditions in order to complete their growth.
Dragonfly and damselfly naiads normally
climb upon standing aquatic plants, rocks,
logs or tree trunks in order to secure a
position some distance from water before
they emerge (Walker, 1953). Dytiscid
mature larvae crawl up the shore and
burrow in a suitable spot to form a pupal
chamber, or tunnel into the mud near
the water line (Usinger, 1956). Certain
other predators, such as immature Cali-
fornia newts, backswimmers and giant
water bugs, secmed to be able to survive
in the laboratory condition for one or
more months.

Predators such as immature California
newts, the diving beetle Rhantus larvae,
dragonfly and damsclfly naiads, back-
swimmers and giant water bugs appeared
to feed on all instars of mosquito larvae.
Large larvae of D. marginicollis, however
scemed to prefer later instars as their

source of food, and this is probably related
to the size of the mandibles of the
predators.

Mosquito pupac are less likely than
larvae to be devoured by predators be-
cause of their rapid tumbling action when
startled.

Darkness did not significantly affect the
feeding activity of the predators that were
observed. The exact mechanism for de-
tection of prey by the predators under
this condition was not determined. How-
ever, tactile stimulation may assume an
important role.
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SEASONAL VARIATIONS IN THE SUSCEPTIBILITY OF CULEX
PIPIENS PIPIENS 1. TO DDT AND DIELDRIN

M. W, SERVICE 1

The Nature Conservancy, Furzebrook Research Station, Wareham, Dorset, England

Resistance to DDT in mosquitoes was
first discovered in the Culex pipiens com-
plex (Mosna, 1947; Missiroli, 1947), but
although several workers have investi-
gated the susceptibilities of the larvae to
various insecticides (Brown, Armstrong
and Peterson, 1954; Burbutis and Davis,
1955; Hamon, Grjebine, Coz, Klein and
Michel, 1959) wvery little jnformation
exists on the insecticide susceptibility of
adult C. pipiens pipiens L. Apart from
the work of Kuhlow and Garms (1964),
there have been no investigations into any
possible seasonal variations in the suscepti-
bility of this species, although Lachmajer
(1962) considered hibernating adults in
Poland to be DDT resistant.

Davidson (1964) concluded that the

YThe author is indebted to the Nature Con-
servancy for the grant given to the Dorset Nat-
uralist’s Trust which made it possible to incorpo-
rate this work into the investigations of the
ecology of the mosquitoes of the area.

normal susceptibility of C. pipiens var.
molestus Forsk. and various strains of
C. p. fatigans Wied. to DDT and dieldrin
was similar, and Busvine (1965) consid-
ered that both these forms and C. p.
pipiens have approximately the same sus-
ceptibilities.  Furthermore, a comparison
of the susceptibility of C. p. var. pallens
Coquillett to DDT and dieldrin (Yasu-
tomi, 1962) with published results for the
above three forms, suggests that this
species can also be included in this cate-
gory. Tt is therefore appropriate to com-
pare the susceptibilities of these species
with those found for C. p. pipiens in the
present investigations.

Mernops. - Hibernating adults of C. p.
pipiens used in the trials were collected
monthly from September 1964 to March
1965 from a variety of dark and damp
brick-work shelters on Brownsea Island,
which is situated in Poole Harbour,
Dorset, southern England. Adults were



