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The exploitation of the natural enemies of mosquitoes is coming to
be regarded more and more as an important factor in the control of these

insects and of the diseases transmitted by them. A number of writers
have recently pointed out the error of treating with oil, cresol, or other

larvicides mosquito-breeding bodies of water that could be made suitable
for, and stocked with, natural enemies of the larvae. The use of larvicides

is expensive and laborious since the application must be repeated at
regular intervals of a week or ten days throughout the breeding season,
and its effectiveness may be interfered with by rains or heavy winds.
At the same time many if not all of the natural enemies of mosquitoes,
as well as the insects thenizelves, are destroyed. It is desirable, of
course, to eliminate entirely breeding places of mosquitoes wherever
possible by proper drainage, filling in, or elimination of water-holding

receptacles; but it is not always possible to accomplish this end without
an undue expenditure of time and labor. In such cases it is often possible at very little expense so to alter a pool or drain a swamp as to make
all parts of it readily accessible to natural enemies of mosquitoes, and in
this way to eliminate these insects permanently, or as long as the natural
enemies thrive.
As has been pointed out by Howard, Dyar, and Knab, practically no
use has been made of natural enemies of mosquitoes other than fishes,
particularly fishes of the family Cyprinodontidae, popularly known as
killifishes or top minnows. On account of their small size, abundance
in shallow water, surface-feeding habits, rapid breeding, and food prefer-

ences, these fishes are preeminently fitted for the role in which they

have been employed. It has been recognized, however, that the various

species differ more or less in their biology and are not all equally suitable for different localities. Furthermore, it is evident that there are

numerous mosquito-breeding places which cannot be stocked successfully

with any of these species of fishes. A great deal of work needs to be
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done on the biology of possible enemies of both larval and adult mosquitoes, with a view to determining the conditions under which they will
thrive best and under which they may reasonably be expected to hold
mosquitoes in check. Such an investigation should include a thorough
ecological study of each possible candidate for exploitation as a mosquito
destroyer, in order to ascertain what kinds of bodies of water can success-

fully be inhabited by it, climatic conditions under which it will thrive,
its food preferences, conditions which would lead to its highest efficiency
as a mosquito destroyer, its breeding habits, its natural enemies, and the
possible injurious effects of its introduction.
Casual observations in the vicinity of Corvallis, Oregon, led the writer
to suspect that the Western newt, Notophtlwlmns tercsea, almost universally known within its range as the "water-dog," might be an important factor in the control of mosquitoes in the Willamette Valley, Oregon.
'rhe only reference to the relation of the salamander to mosquito larvae
that the writer has been able to find in literature, is the following statement by Howard, Dyar, and Knab in Volume I of The Mosquitoes of
North and Central America and the West Indies": ". . about 1898 Mr.
Albert Koebele imported into Hawaii from California a large number of
viestern salamanders (Disnyetij1s lorosus Each.) which were liberated
in the upper part of the Makiki stream in the hope of reducing the large
number of mosquitoes breeding in small pools and in the taro fields. He
.

kept two of these salanianders for several weeks in an open tank and
they devoured all mosquito larvae that occurred there; and while hundreds of the newly batched mosquito larvae could always be observed,
none of them ever reached full growth. Whether these salamanders
have increased in Hawaii and at present form an element in mosquito
control is not recorded."

In order to determine if possible to what extent this species is a

natural enemy of the mosquito, and t.o what extent it might be exploited
in this capacity, a series of observations and experiments, which are recorded in this paper, were undertaken. Two of the writer's students,
Mr. J. H. Smith and Mm. J. C. Pendergi-ass, became interested in the problem and bgan in the spring of 1917 some experiments, which, however,
on account of unfavorable weather conditions, could not be carried far
before the end of the school year. In the preparation of this paper the
writer has secured valuable information concerning the "water-dog" in
California from Dr. J. Grinnell of the University of California Museum
of Vertebrate Zoology, and hearty appreciation is hereby expressed for
the assistance.
GENERAL ACCOUNT

Before enumerating observations and experiments bearing on the
relation between 'water-dog" and mosquito larvae, a general account
of the salamander and its life-history should be given. Very little work
on this species has been done, the most thorough account of its habits
being that published by Ritter (1897).
Notoplm/haimus (formerly Dicrn,jcty1us) torosos (Fig. 1) is a large and
very readily recognizable salamander finding its nearest relative in the
spotted Newt, Notoplmtlalmvs viridcseens of eastern United States, and
belongs to the same family as the European tritons. Full grown males
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reach a length of 2l cm., whereas the females are somewhat smaller and
average about 13 cm The tail forms about one-half the length of the animal. From these sizes every gradation can be found down to the newly
transformed individuals, which may be scarcely 4 cm. in length. The upper
side of the body varies in color from a yellowish or olive brown through

various shades to a dark blackish brown; the under side varies from
pale yellow through various shades of orange to a deep yellowish red.

The skin, except in males at the breeding season, is roughened by numerous, closely-set papillae which can exude a viscid, whitish, pungent fluid.

In full-grown males in water the skin is soft and smooth, and therefore
quite in contrast to the rough tuberculated skin of the female. At the
breeding season the male becomes further differentiated from the female
by a great development of the caudal fin, an enlargement of the limbs'
for clasping, and an extraordinary growth of the lips of the cloaca.

L
Fig. 1. Adult water-dogs (Nolopltthalrnnc- torosus). (Photos of specimens under
wator). Larger specimens are males. Note swollen cloaca in male in loft-hand figure,
and bL-oael tail iii male in right-hand figure. x about 1/

While this salamander has a wide geographic range, being found all the

way from Southern California to Southern Alaska, its range is entirely
within the Pacific Coast drainage and is almost confined to the upper
Sonoran and transition -life zones, though occasionally entering the Canadian, (Grinnel and Camp, 1917). It apparently finds its optimum conditions

in the transition zone of the Pacific Slope, where the winters are mild
and the summers moderately hot. The absence of the species from the

central portions of the Sacramento and San Joaquin valleys would indicate

that the continuously high summer temperatures are a limiting factor.
On the other hand, the writer has found water-dogs in abundance in the
Cascade Mountains of Oregon at an elevation of approximately 6000 feet,
less than a thousand feet below the permanent. snow line, where, though
the winter temperatures are not extremely low, yet freezing temperatures
and snow normally occur for from four to six months of the year. Whether

the species could endure the cold winters of a continental climate, providing the summers were not excessively hot, cannot yet be answered.
In some parts- of the range of the species the winter temperatures
occasionally drop below zero, but the average monthly mean is seldom
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far below the freezing point. Since the water-dog is almost free from

the attacks of natural enemies, there would appear to be no limiting
factor in its distribution except climate and the presence of suitable
water for breeding. It is entirely probable, therefore, that this salamander would thrive if introduced into any country which has a mild winter
combined with moderate summer temperatures.
The habits of the species change with the seasons. During the
greater part of the year the adults are entirely aquatic and live in lakes,

reservoirs, slow-flowing streams or sloughs, or almost any other quiet
body of water of sufficient size. In the autumn, October or November
in the vicinity of Corvallis, they leave the water and wander about on
land, being commonly found crawling about in dead leaves in patches of
woods. A little later, November or December, they retreat to cavities
under stumps, logs, or stones where they curl up to spend the cold portion of the winter, sometimes a dozen or more together. On warm days,
however, they come forth and wander about in search of food. Hitter
suggests that the animal's return to land may be an adaptation to meet
the drying up, in the latter part of summer, of many of the bodies of
water in which they live. This may have been the origin of the habit
if the species originated in California, but it is certainly not the case
so far as Oregon is concerned, for the animals leave the water at the
very time that steady winter rains begin. The return to land, as seen
in the northern portion of the range of the species, is more probably for
the purpose of escaping being frozen into the small pools in which they
live during the greater part of the year. The males, as has been pointed
out by Ritter, are more strictly aquatic than the females, and sometimes
remain in water the year round or make only short excursions on land.
This is more nearly in accord with the habits of the eastern species,
N. vlrideseens, which, after an initial sojourn on land, following transformation, becomes permanently aquatic. In the vincinity of Corvallis
the niales return to water and assume the breeding characteristics as
early as the first of January, whereas the feniales can seldom be found
in water before February.
As already remarked, the water-dog is almost immune to natural
enemies. One case was reported to the writer of a specimen being found
in the stomach of a black bass, and it is possible that this and other
species of carnivorous fish may feed to some extent upon these salamanders. According to experiments by Miss Hubbard (1903) N. torosus is
much more distasteful to garter snakes (Tliamnopliis) than are other
salamanders with which she experimented, and it was not eaten by the
snakes when the latter were hungry. Garter snakes are the only ophidians within the water-dog's range which would be likely to attack it. No
data are available as to whether herons or other birds feed upon it, but
since birds are more particular concerning the taste of their food than
are snakes, it is not likely that birds feed upon it at all. The water-dog
is very little subject to parasites, except for a small nematode, Hedrris,
found in the stomach, and occasional small flukes in the rectum. As a
rule, neither of these appear to inconvenience their host in the least.
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LIFE-HISTORY

The breeding habits and life-history of the water-dog were first
described in detail by Ritter (1897) and, except for a few points, the
writer's observations in the vicinity of Corvallis are in accord with
Ritter's observations at Berkeley, California.
According to Ritter, the matimi season at Berkeley extends from
late September until late spring, the amorous advances of the males
preceding egg-laying by several months. Egg-laying begins in late
February or March and continues for about two months. As a rule the
eggs are deposited in clusters of from ten to twenty-five, the gelatine of
the individual eggs running together to form a continuous mass; exceptionally the eggs are laid singly.
In the vicinity of Corvallis mating does not begin until the latter
part of winter, usually in February, and continues well into summer,
copulating pairs being found as late as July 14. Egg-laying begins considerably later than at Berkeley, though I have no accurate data on the
earliest date on which eggs are deposited. Eggs have been found by
the middle of April, and continue to be deposited until the middle of July.
A salamander collpcted at an altitude of about 6000 feet in the Cascade
Mountains on August 10 contained large eggs in the ovaries, apparently

ready to be deposited, but there were none in the oviducts and no evidence that any bad yet been deposited. No eggs were found in the pooi.
The lateness of the season at this place, the snow probably not melting
of f until May or June, and the relatively cool temperatures, probably
tetards development of the eggs to such an extent as to delay egg-laying
until fall, in which case the eggs very probably lie over winter before
batching.

In the vicinity ofCorvallis the eggs are not laid in masses as is the
case wherever the writer has observed them in California, but are deposited singly, as is the case with the other salamanders of the same
family. The eggs are found attached to reeds, grasses, twigs, or leaves

of aquatic plants, usually within a few inches of the surface of the water.

In rare cases two eggs may be found together but in no case that has
come to the notice of the writer has a larger number than this been

observed by anyone in the vicinity of Corvallis. This striking difference
in habit between the Central California and Oregon specimens, together
with certain morphological differences, seem to the writer sufficient
cause for suspecting that the division of the species into two subspecies
would be justifiable. Investigations on this point are now in progress:
Ritter expresses the opinion that in all probability the impregnation

of the female takes place during ihe act of copulation, rather than by
the taking of a spermatophore deposited elsewhere, and the writer's
observations entirely confirm this. The extraordinarily developed lips
of the male cloaca straddle the female just above her cloaca, like a

saddle, as expressed by Ritter. In some cases the lips have been seen practically to encircle the female, almost if not quite meeting on the ventral
side. Often the male slides over slightly to one side, in which case the

cloaca of the female becomes covered by one of the lips of the male

cloaca and the transfer of sperms could, and undoubtedly does, take place
by a direct transfer from the male to the female. Active spermatozoa
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have frequently been found in the cloaca and in the lower part of the
oviduct in females which have been captured in copulation.
According to Ritter the eggs hatch; i. e., the larvae escape from the
gelatine, in about thirty days, though the development of the embryo
undoubtedly varies with the temperature. The newly hatched larvae are
from 12 mm. to 14 mm. in length with relatively enormous heads. They
remain motionless much of the time, moving by spasmodic spurts wheji

Fig. 2. Young larva of water-dog, about two weeks old. x 4.

disturbed.

They are grayish yellow in color, nearly transparent, and
marked by two bands of black pigment cells along the back at either
side of the dorsal fin. A specimen a few weeks old is shown in Figure 2.
In view of the fact that during the middle of sumnter larvae of two
distinct sizes can be found, the smaller ones varying from newly hatched
individuals to individuals 21 mm. in length, the larger ones averaging
about 40 rum., and in view also of the late breeding, there is no doubt

that in this locality the larvae do not mature and transform until the
second summer.

The full-grown larvae, 40 mm. to 50 mm. in length, are active,

beautifully colored creatures living in aquatic vegetation near the edge
of pools. The ground color is a mosaic of yellowish and pale gray,

Fig. 3. Half-grown larvae of water-dog; stage reached during first summer.

x 4.
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peppered all over -with black pigment cells. Along the sides are two
distinct rows of light spots where the black pigment is missing, being
replaced by a splotch of creamy-white pigment. On account of the transparency of the body, the liver gives a reddish tinge to the under side
behind the gills, the whole making an extremely delicate and beautiful
color effect.

Transformation at Corvallis takes place during the month of August.
According to Ritter the transformation usually takes place in Berkeley
from September to December or January; i. e., after the first summer.
Ritter remarks, however, that the larval period may be much protracted,
and he cites the case of a larva which lived for four years without transformation. Food and temperature appear to be the chief influencing
factors. The transformation, which has been fully described by Ritter,
consists in a change in color, a change from a smooth to a tuberculated
skin accompanied by the acquisition of the pungent odor produced by
the skin glands, a resorption of the broad dorsal and ventral fins, and
a loss of the gills. According to the writer's observations, three to four
weeks are required to complete the metamorphosis. A newly transformed
salamander ic shown in Fig. 4.

head.

Fig. 4.
x 2.

Newly transformed water.dog.

Note vestiges of gills, and relatively large

Even before the gills have entirely disappeared the young adults
crawl out on dry land, often migrating for considerable distances from
water, and remain entirely terrestrial until the following spring, when
they return to water. According to Ritter sexual maturity is probably
not reached by specimens in the vicinity of Berkeley until the second or
possibly the third years of adult life; i. e., in the third or fourth year
after the deposition of the eggs. At Corvallia it seems evident that sexual
maturity is not reached until at least the fourth year, and perhaps often
the fifth year, since the transformation does not take place until the
second summer. Sexually immature transformed individuals are found
in the fall varying in length from 58 mm to 135 mm., sizes which represent two and probably three different broods. The specimens transformed during the summer just past vary from 58 mm. to 65 mm in
length. The larger individuals, varying from 85 mm. to 135 mm., probably represent water-dogs in both the second and third years of adult
life. The smallest sexually mature specimens are from 105 mm to 110
mm. in length. These are probably developed from eggs laid four years
before.
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FOOD HABITS

It is with food and food habits that the present paper is particularly
concerned, and more especially the extent to which the species preys
upon mosquito larvae and the conditions leading to a maximum efficiency

in this respect. Facts bearing on these points were obtained in three

ways, as follows: (1) field observations, (2) stomach examination, (3) experimental feeding.
Field Observations. As already remarked, casual observations in the
vicinity of Corvallis first called attention to the possibility of water-dogs

acting as the controlling factor in the distribution of mosquito larvae.
About one mile west of the city along the Southern Pacific Railroad,
is a chain of three small pools from about 40 to 150 square yards in

surface, connected with one another and with a creek by a small stream.
The pools are all shallow and mud-bottomed, not exceeding about
18 inches in depth in the deepest parts, and in summer are more or less
surrounded by dense growths of aquatic plants (Cicuta and Veronica),
the shores being bordered by shrubby willows. The pools are apparently
ideal breeding places for mosquitoes. All three pools are thickly populated with water-dogs and two of them contain also limited numbers of
small fish of the genus Cotts. It had been noted that mosquito larvae
were never seen in these pools, and to verify this the pools were carefully examined, at intervals, during the entire mosquito season, from
late April unil the first of October, and no mosquito larvae were ever
seen in them except for a few days following the introduction of several
hundred larvae and pupae into the middle pool (see below). Within a
few hundred feet of one of these pools, across a railroad embankment,
is a swampy field which has been plowed, leaving water-filled furrows
(Fig. 5). In these furrows mosquito larvae of two species, Gulisela incidens and Culev tarsalis, -were present in very large numbers, and later

Fig. 5. Water-filled furrows in a swampy field which annually breeds thousands
of mosquitoes of several differunt species.
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in the season two species of Anopheles, A. occidentctlis and A. punotipennis, were also found. About one-third of a mile in the opposite direction is a cement basin, catching water drained from one of the College
farms. This also was swarming with mosquito larvae during the latter
half of the summer. Mosquitoes also bred in portions of the stream
connecting two of the pools, between the dense growths of Te-ronUm
which covered most of the stream, where water-dogs did not penetrate.
To corroborate the evidence given by these pools, a general survey
of all the poo.is, swamps, and lakes in the vicinity of Corvallis was made,
and they were visited at intervals of two or three weeks during the summer. All of the lakes and ponds were found to be inhabited by waterdogs and in not a single case was a mosquito larva found in the open
water of any of them, though they afparently offered ideal breeding
places. On the other hand larvae were almost invariably found in bar-

rels of standing water, in water troughs, and in small pools in

low

groundwhere water-dogs were not to be found. The species of mosquito
almost always found in the barrels troughs, etc., was Culiseta incidens,
one of the commonest mosquitoes on the Pacific Coast. It apparently
breeds by preference in artificial receptacles, though it is by no means
averse to natural water-holes. In the natural habitats Culex tarsalis
was often found associated with Culiseta incidens.
During the month of August the writer made a camping trip into
the Cascade Mountains in the vicinity of Mt. Jefferson and there made
observations on the relation of water-dogs to mosquitoes. It was found
that the mosquito which was so abundant in the Canadian and Hudsonian zones, from 4000 to 7000 feet in altitude, wxs an Aëdes, probably
Aëdes puilatus, which hatches in snow water in early spring, the larvae
and adult males being all gone before the middle of summer. The stupendous number of bloodthirsty females was incontrovertible evidence
of the inefficiency of water-dogs to hold in check mosquitoes having
habits like those of A. pullatus. Some interesting evidence was found,
however, in connection with the culicid Eucoretitra, which breeds more or
less sparsely in cold spring holes, holes left by overturned trees, etc,
throughout this section of the Cascades. No larvae of this species were
found in any of the larger pools, which were inhabited by water-dogs,
even though the water was clear and cold and apparently entirely suit-

It is possible that this was due to an aversion of the species to
large areas of water, though the nature of some of the pools make
able.

this seem hardly likely. In one pool about twenty-five feet in diameter
large numbers of larvae were found. A single water-dog inhabited this
pool and was captured for stomach examination. The stomach and intestine were found to be distended with dozens of these large larvae,
the salamander, in fact, having fed on nothing else! That the larvae
would have been exterminated in a short time had there been more
water-dogs in the pool can hardly be doubted.
Stomach Examinations. To determine the natural food of the waterdog, specimens were collected at intervals during the year from as widely
different localities as possible, and the stomach contents examined. In
this way it was hoped that a clue to the natural feeding habits could be
obtained.
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The first observations were made by two of the writer's students,
J. H. Smith and J. E. Pendergrasg, in February and March. These students kept some of the water-dogs in artificial receptacles where they
were supplied with food materials taken from the pools in which they
were captured. Unfortunately in the report of the stomach examinations
no disUnction is made between specimens captured in the field and those
kept in captivity.
Many of the salamanders collected in the morning were empty,
whereas those collected in the evening contained food. Nine of twentyfour specimens collected arid examined between February 17 and March 5

were empty or contained unidentifiable material. Of the remaining
fifteen, ten contained Agellris varying in number from one to fourteen.
Nine contained Entoinostraca, ostracods and copepods, which were exceedingly abundant everywhere at this season of- the year. One specimen contained four small snails in addition to a considerable number of
Asellus and Entomostraca. Two specimens contained amphibian eggs.

According to observations made by the writer in the following spring,
the food for a period during February, when the salamanders are returning to water and are found in shallow pools standing in depressions in
oods and fields, consists almost entirely of earthworms, practically
every stomach and intestine being distended with these creatures. During March and April the writer has found that mayfly nymphs, chironomid larvae, large copepods, and ostracods form a large portion of the
diet.
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It may he assumed from the above that the major part of the food
in the spring consists of the small crustacea and insect larvae which
are so: abundant at that season.
During July and August stomach examinations were made by the
writer of specimens collected in various localities near Corvallis. The
stomach contents of the various individuals are given in detail below,
in order to bring out the marked individuality of specimens as regards
feeding habits, even among specimens collected from the same pool and
at the same time.
Contents of Digestive Tracts
Collected in

Trestle Pool'' July 13, 1917

eggs still being deposited
2 chironomic[ larvae
1 espepod
several unidentifiable arthropods
,

1 large triehopteran pupa (18 sum, long)
1 corisid nymph

5 small bivalves, ilusculinm
1 mass gelatinous material

not enite through egg-laying
1 large trichoptosan pupa
1 small gastropod (4 mm. long)
1 egg of water-dog, attached to bitten-off fragment of Cieata leaf
1 mass gelatinous material
1 eorisid nymph
4 gastropods
unidentifiable material
,
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several gastropods
several corisid nymphs
stomach empty of food, almost filled with parasitic nematodes.

(Hedruris)
empty

Collected in 'Pool 4,'' July 16, 1917
All stomachs empty. Only one with remains in intestine, and

6-10.

this unidentifiable, except 1 corisid nymph
Collected in ''Trestle Pool,'' July 31, 1917

23 small gastropods
Some unidentifiable material
12.

19 gastropods
1 corisid nymph
13.

27 gastropods
1 corisid nymph

Collected In Pool in Cascade Mountains, Linn County, Oregon, at
Elevation of 6,000 Feet, August 10, 1917
14.

6 or more fresh-water opongos in stcmach, remains of more in
intestine
1 caddis worm
1 black beetle
several eggs, possibly dragon-fly, but no gelatinous coverings

15.

16 Mi,,tculinni in stomach, more in intestine
25-30 small pupae of culicoiaes
1 large carabid beetle
remains of two other beetles, and numerous pupae in intestine

16.

11 M'usculistm in stomach, and a solid column of them whole
length of intestine
1 unidentifiable blacic mass

17.

,

eggs not yet laid

28 Msescutiurn in stomach, 50 more in intestine, and shells of at
least 30 in rectum. Solid column of them from meophagus to anus

18.

1 small hymenoptern
1 spider

1 terrestrial neuropteran (J/tap/jjdia l)

1 larva resembling chironomid, 1 in. long

remains of other small insects and much unidentifiable material in intestine. No bivalves in either stomach or
intestine
19.

ci'

1 beetle

2 small unidentifiable insects
a few (I) pupae of Cnlicoidcs in stomach, but intestine full
of them, 100 or more, and remains of large winged insect
Collected from Small Pool Inhabited by Larvae and Pupae of
Eueoretlira sp. Only one specimen in pool. August 8, 1917
20.

,

immature

22 full grown or pupae of Eueoretlera, lower intestine full of remains, mostly unidentifiable, but probably mosquito larvae
1 chironomid larva
1 chironomid pupa

14
Collected from 'Trestle Pool,

August 23, 1917

21.

empty
22.

ci'

3 corisid nymphs (in intestine)

23.

37 gastropods in stomach and intestine, almost contiuuous
column from msophugus to anus

24.

8 gastropods
1 corisid nymph
1 corisid nymph
1 unidentifiable insect larva
several unidentifiable soft black masses
25.

c

26.

9

empty, a little unidentifiable niatei-ial in intestine
empty

Collected from ''Pool 4,'' August 28, 1917, Haeging to Branches
Under Water in Groups of from 1 to 6 or 7
All empty
Collected in Small Water-filled Furrow in N:idst of Mosquito-breeding
27-33

Area.

Probably Two of Four Specimens Liberated Here a
Month Before. August 28, 1917
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Stomach full of mosquito larvae and pupa-e, some still alien
and intestine full of partly digested material for whole
length, probably all moaquitoes
9 (few moaquito larvae in particular puddle where found)
20-30 bloodworme in stcmsch
10 or 12 mosquito larvae and pupse

Intestine full as in No. 34

During the game period examinations were made of the stomachs
of a few larvae, as follows:
1.

13-15 tom. Larvae, Collected in Smail Ditch, July 10, 1917
1 chironomid larva
1 ostracod
1 copepod

2.

2 unidentifiable crustaceans
2 rhironomid larvae
1 copepod

several unidentifiable arthreporls
1 chironomid larva
2 copepode
1 daphnid
a little unidentifiable material
Mature larvae, 45 to 48 mm. in length, Trestle Pool, July 31, 1917
1. 8 gastropoda
1 corieid nymph
2. 6 gaetropcds
2 ehironotoid larvae
3.

On November 23 and November 24 water-dogs which had left the
water and were wandering about in the dead, fallen leaves in woods
were collected from a number of localities in the vicinity of Corvallis.
It was supposed that the water-dogs would not be feeding, being in all

probability in search of secluded spots under logs, etc., in which to pass
the winter. The digestive tracts were examined, however, and without
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exception were found to contain food. Six out of ten contained exclusively from one to four or five slugs (Prop/iysaon aadersoai) in most
cases, two were empty except for soft black material in the intestine,
probably the remains of slugs, while two others contained a heterogeneous collection of adult and larval insects and snails.
On January 12, during a period of warm weather, a number of f emales and a few males were collected on land, while a number o males
in breeding condition were collected from water. Digestive tract examinations showed that the water specimens had been feeding on gastropods, isopods, and insect larvae, chiefly caddis worms. The land speci-

mens, seven of which were carefully examined, contained veritable
entomological museums, including large caterpillar-like and grub-like
larvae, a few isopods, and very large numbers of small insects, such as
coliembola (up to several hundred in some instances), cecidomyid

and chironomid larvae, psocids, large green aphids, etc. A few stomachs
contained spiders, mites, and snails.
From the stomach examinations described above several interesting
conclusions may be drawn. In the first place water-dogs are active
feeders the year round when an abundance of food is at hand. It will
be noted, however, that almost all salamanders collected from. "Pool 4"
on two different occasions were empty. "Pool 4" (Fig. 6) is a quiet cx-

'Pool 4,'' heavily infested with water-dogs, in which no mosquitoes
Fig. 6.
have eve, been found breeding, though apparently affording ideal breeding places. This.
peel in not over '/ ,nile distant from the ,nosquito-breeding swamp shown in Fig. 5.

panded portion of a small stream flowing through a piece of cleared
land. It is overhung by bushes and has water plants,---reeds, Veronica
and Cicutagrowing around its edges. This pool was very heavily populated with water-dogs and contained surprisingly few organisms which
water-dogs were commonly found to prey upon. Whether this was due
to the great number of water-dogs, which seems quite probable, or to
some other cause, was not determined. Water-dogs taken from the pool,
however, became voracious feeders when kept in the laboratory with an
abundance of food..
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A fact which is brought out is-the individual variation as regards

choice of food and amount of it. For example, a majority of water-doge
collected from the "Trestle Pool," August 23, had been feeding heavily
on small, shelled molluscs, whereas two specimens collected in the same

place and at the same time contained almost exclusively insects, both
larvae and adults. Again, the majority of specimens collected from one
pool in the Cascades had been feeding heavily on shelled gastropods,
yet two individuals had stomachs and intestines full of insect larvae
to the entire, or almost entire, exclusion of molluscs. It is worth noting
that many of the Cascade specimens, in the absence of mosquito larvae,
had been feeding heavily on the larvae of CulicMdes which ranks next
to mosquitoes as a scourge in the Cascade mountains of Oregon. The
majority of water-dogs col]ected on land November 23 and 24 had been
feeding on slugs, yet one specimen had filled up entirely on various
arthropods. A third fact of importance which becomes evident is that
soft-bodied slow-moving animals, or motionless bodies of animal nature,
form the majority of the food. Small bivalves and shelled gastropods,
slugs, isopods, insect larvae and pupae of various kinds, and eggs constituted at least 90 percent of the food found in stomachs of water-dogs
caught at various seasons and in various localities. In its fondness for
small shelled molluscs, Noiophtholmtg torosug resembles its eastern
cousin, N. viridescens, about which Surface (1913) says "it is plain
that snails form a large part of the food." The fondness for molluscs
seems to be shared by the full-grown larvae, whereas the younger larvae
feed very largely on small crustaceans.
Only three water-dogs were captured in places where culicid larvae

and pupae were present; two of these had fed heavily and exclusively
on the mosquitoes, while a third had fed to a considerable extent on
chironomid larvae as well.

Feeding Experiments. To get more accurate data on the food preferences and feeding habits, an.d particularly on the extent to which mosquito
larvae and pupae are or may be utilized, a number of feeding experiments

were carried on with both larval and adult water-dogs. It was found at
the outset that much individuality was shown regarding willingness to

feed in the glass jars in which experiments were carried on. Some
individuals would- feed very readily while others could not be induced
to feed at all. A number of specimens, therefore, which would feed
readily were selected for use in the experiments. Water-dogs which

would not readily feed on mosquito larvae could not be induced to feed
on anything else.
Very great variation as regards quantity of food taken wasobserved;
this may have been due, however, to a variable intensity of the hunger
impulse necessary to overcome the natural aversity of some individuals
to feeding in captivity. In order to determine how much food would
be taken by an individual under optimum conditions, a number of speci-

mens which showed little or no backwardness about feeding in

cap-

tivity were supplied with increasingly large numbers of larvae and pupae
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of (Juli,seta ineidens. The.feeding record of the heaviest feeder (Cl) is

given in detail, as follows:
No. eaten

Mosquito larvae furnished

Time
July13 8:00 P. M.
July14 10:00A.M.

rut in

20

Left alice or transformed, 5
Left in jar, 37
Left alive, 11; transformed, 1
July14 6:00 P.M. Left alive, 3
July 14 6:05 P. M. Left in jar, 56
July 15 10:00 A. M.
Left alive, 1; transformed, 1

15

July 14 10:05 A. M.

25

July 14 2:00 P. M.

Total eaten,

87

Left in jar, 66
Left alive or transformed, 0

July iS 2:00 P. M.
July 16 2:05 P. M.
July 16 5:00 P. M.

Dead,

P. 51.
A. M.

54

heuis,

24

July 15 10:05 A. M.
July 16 11:00 A. M.

.JuIy 16 5:05
July 17 11:00

8

out of

66

2

Left in jar,
Left alive,

210

9;

Left in jar,
Left alive,

a number dead

172
98,

transformed 10, dead

217

Tetal eaten, 24 hours
Total killed but not eaten

177
217
394

Total destroyed
July 17 11:00 A. M.

July17 4:00 P. M.
July 18 9:30 A. M.

July 18 9:85 A. 94.
July 18 6:00 p M.
July18 6:05 P. 94.
July 18 9:00 F. M.
July 19 9:30 A. M.

90

Left in jar,

98

Left alive 44, added 61
'l'otal left in jar, 105
1 left alive; 8 transformed;
Total eaten, 221,4 hours

23

killed
73

Left in jar, 22
Left alive or dead, 0
Left in jar, 155

Added, 50
Left alive, 10; tiansforuaed,

Total put in jar, 24 hours
'rotal eaten, 24 hours
Total killed,
Experiment discontinued.

24

hours

2;

dead,

7

227
208
7

From this it is evident that the number of large mosquito larvae
which may be eaten by a single water-dog in 24 hours exceeds 200. This.,

however, does not measure the destruction of the larvae which a waterdog may cause. The larvae found dead in the jars were unquestionably
killed by the salamander. The animal, after having filled his stomach,
was repeatedly seen to seize a larva, chew it and spit it out, apparently
being unable to resist the temptation to seize the delicious morsel in
spite of a completely filled stomach. That the majority, if not all, of
the larvae found dead were destroyed in this way was evident not only
from actual observation of the salamander, but also from examination
of the dead larvae, practically all of which showed evidence of mutilation, and from the fact that in a control jar with a water-dog that would
not eat, no larvae died. Counting both eaten and killed larvae, Cl showed
himself capable of destroying nearly 400 larvae and pupae of mosquitoes
within 24 hours! A similar experiment on the capacity of small waterdog larvae, about 13 mm. to 14 mm. in length, was made, feeding them
on small mosquito larvae in the first and second stages of development.
It was found that these little salamanders would eat two or three larvae
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a day, and on several occasions seized and swallowed larvae in the
third stage, though these were so large that they could with difficulty
be handled. Three full-grown water-dog larvae(40 mm. to 50 mm. in length)

averaged six to ten full-grown mosquito larvae a day, and one specimen
ate twenty larvae in 24 hours, though some of them were not full-grown.
Half-grown water-dog larvae 20 mm. to 25 mm. long ate on an average six
or seven mosquito larvae a day. One such specimen was observed to eat
five larvae (third stage) within five minutes.
It is an important fact that in spite of the great capacity, particularly
of the adults, water-dogs are able to go for weeks, or even months, without food, and show no apparent discomfort from this fasting.
According to Ritter the water-dog is by no means a fastidious feeder,
eating "almost anything, almost everything, or almost nothing, according

to conditions" and again "the animals ... are not very particular as to
kind of food." From the stomach examinations described above it
seemed that while as a species a great variety of food is taken, individuals
showed very distinct preferences; in many cases organisms which

were abundant where the water-dogs were collected, and which, one

would think, might have been suitable as food, were conspicuously absent
or represented only in small amount. To determine more accurately the
food preferences of the animals, a series of experiments was conducted
in which two or more kinds of food organisms were placed in jars with
the animals. For these experiments individuals were selected which
would feed readily unner the experimental conditions. Preliminary experiments showed that mosquito larvae constituted a favorite food, and

for this reason other kinds of food were given together with mosquito
larvae in order to determine preferences. Together with 5 larvae an
approximately equal or greater amount of other food was given. The
results, in brief, were as follows:
Experiment 1. Ainphipods (asema)-ug) and Mosquito Larvae
CS July20 9:00 A. M. given 20 mosquito larvae, 25 amphipods
(no cover for amphipods)
11:00 A. M. 24 mosquito larvae, 5 amphipods eaten.
5:00 P. M. all mosquito larvae, 20 amphipeds eaten
6:00 P. M. given 15 mosquito larvae, 5 large amphipods
7:00 P. M. 13 mosquito Isi vac, 1. large amphipod eaten
July 21 1:00 P. at. all mosquito larvae, 1 amphipod eaten
06July20 9:00 A. M. 25 mosquito larvae, 25 aniphipods
5:30 P. M. all mosquito larvae, 22 amptsipods eaten
07 July 20 11:00 A. 35. given 16 mosquito larvae, 8 large amphipods
5:00 P. 35. 9 mosquito larvae, 7 large amphipoda eaten

The animals were distinctly attracted by the large amphipods when
swimming, but often missed catching them, and paid no attention to them
when quiet. Iii one or two cases amphipods were rejected after two or
three chews.
Experiment 2. Isopods (A.scl(us) and Mosquito Larvae

Latter
kept running around edge of jar and water-dog sometimes seized two at a time. Several
times obviousiy snapped at larva os pupa in midst of isepods but often missed and got
isopod by mistake. At end of 1 hour, 45 A.e1ln and 21 larvae had been eaten.
Cl. July 21. 50 la.rvae and 50 4se7/us put into jar, no cover for Asellus.

Since the isopods were under such an extremely abnormal disadvantage without any cover, 4 water-sogged willow leaves were added for
the .4selius to hide under, and the nuniber of larvae and isopods brought
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up to 30 each. In 1 J./ hours 9 isopods and 27 larvae had been eaten.

On the following morning all the larvae were gone, but 7 isopods were left.
Given 50 larvae and 50 Asellu.s, with 8 leaves for cover. In
Cd. July 21.
2'/z hours, 46 larvae and only one Aseltus eaten. Leaves removed, leaving isopods
without cover. Next morning one of the four remaining larvae and no AseI(us had
been eaten.

July 21. Given 50 isopods with a few leaves for cover, Next morning
only 11 isepeds eaten.
July 21. Given 50 larvae and 50 isepods, with leaves for cover. Apparently

all attention paid to larvae. In 2 hours, 38 larvae and 4 or 5 isopods eaten. Next
morning 49 larva, 7 or 8 isopsds eaten.
El (full-grown larva) July 21, 6:00 P. M. Given 15 larvae, 15 isopods, 2 leaves
for cover.

Next morning 10:00 A. M. 3 larvae, 1 isopod eaten.

Experiment 3. Larvae and Damsel-fly Nymphs
11:30 A. M. Given 50 larvae, 10 damsel-f lies, with spray of Cicuta.

In two
hours 39 larvae and 3 damsel-flies eaten. 2 hours later 9 more larvae and no more
damsel-flies eaten. Next morning all larvae and 7 damsel-flies eaten.
11:30 A. M. Given 50 larvae, 10 damsel-flies, with spray of Cicuta. 2 hours
later 11 larvae, 1 damsel-fly eaten. Next morning nothing more eaten, water-dog
apparently sick.
Noon. Given 50 larvae, 10 damsel-flies, no cover. 1½ hours later 13 larvae,
6 damsel-flies eaten. Next morning 23 larvae, 9 damsel-flies eaten.
07. 2:00 P. Sf. Given 50 larvae, 10 damsel-flies, with small spray of water
weed. Next morning, 10:00 A. Id., 28 larvae, 3 damsel-flies eaten.
Experiment 4. Larvae, Small Catfish, Crayfish, Dragon-fly Nymphs, and Minnows
Cl. Given 50 larvae, 2 catfish, 1 small crayfish, 2 dragon-fly nymphe. The catfish were repeatedly snapped at but never caught; the crayfish twice seized and taken
eistii ely into the mouth and then rejected; ds-agon-fly nymphs not tsuchd. In 1½ hours
only 1 larva left.
weed for
CS. Given 50 larvae, 1 catfish, 1 crayfish, 2 dragon-fly nymphs, water
cover. In one hour, 25 larvae eaten, other animals untouched. Next morning 42 larvae
eaten, other animals untouched.
Next
CS. Given 50 larvae, 1 catfish, 1 small minnow, 2 dragon-fly nymphs.
morning 37 larvae eaten, ether aoisials untouched.
Given 50 larvae, 2 catfish, 2 dragon-fly nymphs. Next morning no larvae left,
Cl.

other animals untoucised.
Experiment S. Larvae and Adult Corisids
July 25. Given 50 larvae, 15 corisids, no cover. Coitsids seen to be seized
several timea and their rejected. 24 hours later 49 larvae, 4 corisids eaten; in 48 hours
iso more corisids eaten.
CS. July 25, 1:00 P. M. (Moulting.) Given 50 larvae, 17 corisids, foliage for cover.
Completed moulting 3:00 F.M - 24 lsei.ira later, 8 larvae eaten, no corisids. Next day
nothing more eaten.
C7. Given 59 larvae, 18 cos-isids. Next day nothing eaten. Following day about
10 larvao eaten.
Cl.

Experiment 6, Larvae, Tapoles, and Young Notopltthal.rnsjs Larvae
Given 6 tadpoles, 4 la.rvish salamanders. 2 tadpoles. (Rana aurora) eaten
at once, before larvae could be counted into jar. Snapped at aalamsnders without success. 50 larvae (small) added. Next morning all tadpoles and salamauders, and 36 larvae eaten.
Cl.

CS. Given 6 tadpoles, 4 salamanclera, SO larvae, a few water weeds for cover.
Neet morning 4 tadpoles, 2 salamanders and SO larvae eaten.
CS. Given 10 tadpoles, 51) larvae, water weeds for cover. Next morning S tadpoles, 3 larvae eaten.
C7. Given 6 tadpoles, 4 salsmandera, 50 larvae, enough silt to half-cover bottom
of jar. Nothing eaten.
Experiment 7. Adult Nolonectids. July 28
Cl and CS were each given 6 notoneetids, but no attempt whatever was made to
capture them in spite of the fart that no other food was given.
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From observations made during this series of experiments and from
the results of the exper4mnts themselves, a number of important facts
concerning the food and feeding habits o the water-dog may be deduced,
as follows:

Although attracted by moving objects the approach of a waterdog to its prey is slow and deliberate, and in the few cases where the
trouble was taken to snap at a quickly moving organism, the attempt
was almost invariably unsuccessful. In this the water-dog resembles
the eastern N. virideseens which Fowler (1907) says moves slowly
towards its prey and suddenly snaps at it. If not successful, they do
not resume operations until another opportunity is offered. Their
method is always slow and deliberate, and sometimes they seize and
snap one another, apparently by mistake." The western species does
not share in the last-mentioned habit.
Perception of form as well as of movement is used in obtaining
food. Only after a certain kind of organism; e. g., mosquito larva, has
attracted to itself the attention of the water-dog several times does the
latter actively search for that particular kind of organism. To other
kinds of food it is passive until these force themselves upon the attention by conspicuous movement. In this fact may be the explanation of

the marked differences, noted above, in food found in stomachs of different water-dogs taken in the same place and at the same time.

Organisms which are hard bodied and kick vigorously when

seized; e. g., crayfish, adult corisids, and notonectids, are usually rejected.
Smooth-contoured or soft-bodied organisms, varying in size from small
mosquito larvae to medium-sized tadpoles., are the favorite foods; e. g.,
mosquito larvae, molluecs, larval salamanders, eggs, and tadpoles.
Individuality as regards choice of food is shown.
Food is not sought under leaves or other objects on the bottom.

Free-swimming and surface forms or forms attached to or hiding in
aquatic vegetation, constitute the bulk of the food.
In the above experiments the only kind of food which was definitely
given preference over mosquito larvae was tadpoles and larval salamanders. Since in nature these would never be found in such abundance
relative to mosquito larvae as in the above experiment, and would never
be so easily captured, it may be said that, as far as could he judged from
the above experiments, there is no food which, under natural conditions,
would be more ideal in every respect than mosquito larvae.
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EXPERIMENT ON CONTROL OF MOSQUITOES BY
WATER-DOGS

In order to determine in a practical manner the efficielicy of waterdogs in controlling the breeding of mosquitoes, the following experiment
was undertaken. In a series of water barrels on a trestle on the Oregon
Electric Railway near Corvallis, a number of which were infested by
mosquito larvae, water-dogs were placed in varying numbers. It was
found, however, that the barrels contained so much tar around the sides
and on the bottom that water-dogs could not live in them. For this
reason, and for the sake of convenience, three clean barrels were obtained, placed in a convenient situation, and heavily stocked with mosquito larvae on August 27. Barrel No. 1 was left with only mosquito
larvae in it, whereas barrel No. 2 was supplied with one water-dog and
barrel No. 3 with two wgter-dogs. It was found after a few dayc, however, that th water in barrels 2 and 3 was injurious to both larvae and
water-dogs, due to substances, formerly contained in the barrels, which
were absorbed from the sides. On September 5 the entire experiment
was begun anew, one barrel being discarded entirely. The cleanest barrel,
No. 1, was stocked with two water-dogs and several hundred larvae and
pupae of (Jnii-seta incidens, probably beween 800 and 1000, and No. 2
with a -similar number of larvae but no water-dogs. The larvae and
pupae developed rapidly, and newly deposited egg boats were found
within two days.
On September 12 not a single larva or pupa was left in barrel No. 1,
in fact not even an empty pupal case, and no mature larvae or pupae
could be found on September 10. Barrel No. 2 continued to swarm with
larvae in all stages, and with pupae. From September 10 to September 15
about half a dozen egg boats were placed in barrel No. 1 daily, but these
were devoured by the water-dogs almost as fast as put in. A number
of them, however, which were broken into small pieces and left at the
edges of the water succeeded in escaping long enough to hatch, with the
result that on September 15 the barrel was swarming with hundreds of
newly-hatched larvae.

These small larvae were apparently not sought by the water-dogs
and it was thought that on account of the large number (probably about
500) which would reach maturity at about the same time, some of them
would be able to escape and transform. Although numerous larvae
reached the third stage, however, not a single individual ever succeeded
in pupating. On September 20 the barrel was again empty of larvae and
remained so until the experiment was discontinued on October 5. It is
worth noting that between September 10 and September 20, fifteen or
twenty empty pupal cases of chironomids appeared at the surface, showing that these insects were not preyed upon in the presence of mosquito
larvae. Barrel No. 2 continued to produce large nunbers of mosquitoes;
and eggs, larvae, and pupae were all present in very- large numbers until
the end of the experiment. On several occasions egg boats were found
floating on barrel No. 1, but, except for those mentioned above, they
were always eaten by the water-dogs before hatching.
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PRACTICAL USE OF WATER-DOGS AS MOSQUITO CONTROLS

From the facts brought out by field observatIons, stomach examinations, and' feeding experiments the conclusion is unquestionable that
water-dogs, under suitable conditions at least, are highly efficient clestroyers of mosquito larvae, and where they naturally occur have much
to do with the reduction of mosquitoes. Their further exploitation in
this capacity seems especially feasible for several reasons: (1) The
almost entire freedom of the species from natural enemies, (2) its ability to live in almost any kind of water which is not too filthy and in
almost any kind of receptacle from a glass bowl to a lake, (3) its relatively enormous capacity and fondness for eating, combined with the
ability to go for long periods without food. The chief drawback to an
extensive commercial use of 'water-dogs is the fact that they are slow
breeders and require a long time to reach maturity. However, their

great abundance in many parts of their natural range, the ease with

whIch they can he obtained, and the readiness with which they can be
shipped in a moist box, make their collection and commercial exploitation appear entirely feasible. it is quite probable that the number captured would be more than compensated for by the increased development
of eggs and larvae, since these are preyed upon by the adults.
It should also be pointed out that some caution should be used in
introducing water-dogs into fish ponds or into places from which they
might migrate to fish ponds and establish themselves there. That they
will feed upon young fish under artificial conditions has been proved,
but from the present study of the food habits it appears very doubtful
whether, under natural conditions, enough young fish or fish eggs would
be taken to be worth consheration, especially in large ponds or lakes.
Striking similarity in habits between the western newt and its eastern representative, N. viridesoens, as shown by accounts of the latter
species by Gage, Fowler, Surface, and others, indicates that tbi species
may be as useful as the western one as a mosquito-larva destroyer, and,
due to the ability to stand the more rigorous winters and hotter summers of northeastern United States, might be utilized in many places in
which N. iorosus could not thrive. Surface (1913), from examination
of the stomach contents of 233 specimens of N. viridescen$, 121 of which
contained recognizable food, found the bulk of the food to be molluscs,
especially snails, mites (whether terrestrial or aquatic not stated), and
Insects, especially adults. Unfortunately no clue is given as to what

proportion of the salamanders were terrestrial and what proportion

aquatic.

In view of the facts, brought out above, the extensive use of waterdogs as mosquito destroyers in the following places is suggested:
1.

Rain barrels, water barrels on trestles, etc.

water-dogs

That one or two
in each barrel 'would be sufficient to keep it clear of

mosquito larvae has been conclusively shown. The only requisites for
their successful exploitation in this capacity is that the barrels be free
from oil, tar, brine, or other injurious substances. The water-dogs do not
Injure the water in any way.
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Water troughs. One or two water-dogs placed in a trough at the
beginning of the mosquito-breeding season would be sufficient to eliminate the breeding of mosquitoes in them. watering troughs are often
the chief source of mosquitoes in the vicinity of farm houses and barns.
Within the natural range of the species troughs or watering holes in
the ground are often naturally inhabited by water-dogs and kept free
of mosquitoes'. In order to prevent the escape of water-dogs, especially
from troughs up of f the ground, the water should be kept three or four
inches below the top of the trough, the outflow being through holes
bored at one end, and screened with coarse wire netting.
Borrow pits blocked swamps, etc. These are among the most
important breeding places of musquitoes, since they are large enough to

breed enormous numbers of the insects and yet not large enough or
permanent enough as a rule for fish to thrive in. In almost all cases
such pits or pools should be either drained or filled, and this can usually
be done at comparatively little expense- If draining or filling is not
found to be feasible, however, stocking with water-dogs would in most
cases be found cheaper, easier, and more successful than oiling. In a
pool with ten or more square yards of surface it is not likely that water-

dogs would attempt to escape. One salamander for each ten square yards
would probably be sufficient to eliminate mosquitoes, but this would be
influenced by such factors as regularity of contour, accessibility of all
parts of the pool, number of mosquitoes, etc. Boys in the neighborhood
should be interested in obtaining and protecting the water-dogs, other-

wise they are likely to consider them "big game," the just spoils of

wood-craft, on which all sorts of savage torments may be practiced.
Reservoirs, mill ponds, garden pools, etc. Ponds of these types
could almost invariably be stocked successfully with water-dogs in

climates in which the latter will thrive; and within the range of the

species they are almost always naturally inhabited by these salamanders.
There is a reservoir in North Berkeley, California, for example, in which
water-dogs breed in enormous numbers, and no mosquito larvae ever
occur in it, though they would doubtless develop by hundreds of thousands if the water-dogs were absent.. Many pools of this type can be
kept clear of mosquitoes by fish, but the presence of water-dogs in addition would put a double check on mosquito-breeding in case the fish did
not succeed in completely clearing the ponds.
Irrigation ditches. Ditches in which running water is present,

and in which there are no leaks, do not breed mosquitoes. In large

sluggish ditches, in which the water moves almost imperceptibly, mosquito larvae may breed freely. Water-dogs will thrive in such streams;
in fact, "Pool 4," mentioned in this paper, is really a portion of a stream
that Ia practically identical with sluggish irrigation streams as seen, for
instance, at Fresno, California. In this pool large numbers of water-dogs
are present all summer, and no mosquito larvae ever occur in it, though
abundant in small puddles all around it. Dead branches or brush which
is not too thick, furnish excellent places for the water-dogs to rest in the
water, and seem to be attractive to them.
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6. Rice Marshes. In a recent article Freeborn (1916) has pointed
out that in California the production of rice and the breeding of Anopheleg and consequent malaria find their optimum conditions practically
identical. The rice marshes are flooded to a depth of five inches from
June 1 to October 15, a period which almost exactly coincides with the
mosquito-breeding season. If these rice marshes were so constructed
as to eliminate isolated pools formed by overflow, improper drainage,
etc., it is possible that the release of water-dogs into them. would
largely eliminate the mosquitoes. Very little food except mosquito
larvae would be available except such insects as feed upon the rice
plants and fall into the water. Whether the conditions in the rice

marshes would be favorable for the water-dogs is not known to the writer.
The salamander does not naturally occur in the hot portions of the Sacramento Valley of California where the rice marshes are situated, but for
exactly what reason it is not now possible to say. It seems likely, how-

ever, that the adults could endure the climate, and that the absence of
the species may be due to unsuitable breeding conditions. If the rice
plants do not grow so close together as to hinder the free movement
of the salarnanders, it is quite possible that the animals would distribute
themselves over the flooded area in such a way as to control efficiently
the breeding of mosquitoes. If a permanent pool were constructed in
the vicinity of the marshes to which the animals could be attracted for
breeding in the spring, it is possible that the marshes would become
self-stocked each year. Although the feasibility of using water-dogs in
rice marshes is entirely problematical, it seems to the writer that it is
worthy of experimentation in view of the seriousness of tbe situation,
and the lack of any other adequate method of coping with it.
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