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" fFIELD AND TLABORATORY STUDIES ON THE
BEHAVIOR OF THE LARVAE OF THE SWINE
KIDNEY WORM, S1. PHANURUS DENTATUS!

By L. A..BriNpLZR,
Assistant zoolegist, Zoological Division, Bureau of Animal Indusitry
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ECONOMIC IMPORTANCE OF KIDNEY WORMS

The swine kidney worm, Stephanurus dentatus, has long been
recognized as & sericus menece to the raising of hogs. The magni-
tude of the Josses 1t occasions has been str« ssed not only in the United
States but also in other countries, particularly Australia. Shealy and
Sanders (10)® consider this nematode one of the most injurious mter-
nal parasifes of swine in the southern part of the United States and
the economic losses attributable to it nearly as large as those caused
by ascarids. Nighbert snd Connelly (2) estimate that losses duo,
for the mosy pert, to kidney worms, incident to the dressing of cer-
casses, amount to 80,000 annually in one packing house in Georsia.
This estimate, however, does not teke intc account the stunted
growth and unthriftiness shown by Schwartz and Price (8) to he a
result of infestations with this parasite,

Losses from kidney worms, moreover, ere not confined to swine
slone, since agamic forms of this parasite are of common oceurrence
in the livers of catile in certain parts of the South, according to thase
authors (3). The presenee of these immature worms in eattle hvers
resuits, as does their presence in swine livers, in considerable losses
owing to the condemnation or necessary trimming of affected parts,
according to Schwartz (6,7). In discussing the swine kidney worm
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he states that this parasite constitutes an actual and potentiel menace
to the swine industry of the southern part of the United States.

Ross snd Kauzal (5) report that in certain parts of Australia this
nematode iz not only one of the commonest parasites of swine, but is
also one of great importance from sn economic standpoint. ‘The
mcidence of infection with the kiduey worm in certain parts of Queens-
land is reported by these writers to be as high as 70 nercent of sll pigs
killed. They add:

There is evidence that the number of infectious is increasing, a5 is also the
severity of infestations in individual pigs.

SCOPE OF THE INVESTIGATION AND THE APPARATUS USED

In view of the serious losses caused by kidney worms in regions
where these parasites are prevalent, it is importent that control
measures be insfituted. These imeasures must be based on the life
history of the parasite, more particularly on its bohavior during the
preparasitic stages. The results of & study conducted at Moultzie,
bGlflhl, on the bionomics of the preparasitic stages, are presented in this

etin,

In cerrying out this investigation the following program was

followed: (1) The d’stribution of larvae in hog pastures snd the con-
ditions under which larvae were present were studied by means of the
Baermann apparatus; (2) the longevity of the infective larvae, under
conditions similsr to those in which tiey were found in nature, was
determined; (3} the effccts of various environmentel conditions upon
the eggs and laxvae of this parasite were determined; (4) the reactions
of the infective larveae to environmental stimuli were noted; (5) the
migrations of the infective larvae on soil and on grass were studied
both experimentally and under field conditions; and (6) the eflect of
growing crops on land infested with kidney worms was determined
by means of the Baermann apparatus.
. The Bacrmann apparatus used to isolate kidney-worm larvac from
sotl consisted of & large glass funnel 8 or ¢ incles in diameter, with a
short rubber tube attached to ifs stem, a clamp to closs the lower end
of this tube, and a copper sieve about 54 inches in diameter, having
a 1-mm mesh, which was placed inside the funnel. In order to pre-
vent, so [ar as possible, small particles of soil from sifting through into
the Iiurmei, the sieve was lined with two thicknesses of unbleached
muslin.

In routine procedwre n battery of several funnels was used. The
soil to be examined was thoroughly broken up, and a layer, 2 or 3 cm
deep, was placed In the cloth-lined sieves. The sieves were then
placed in the funnels, and water at & temperature of about 95° F,
was poured over the rims of the funnels until the level of the water
was above that of the sofl. After a period of from 4 to 6 hours, ap-

roximately 1 liter of water was drawn off from each funnel, into
geaker, and allowed to settle for 1 hour. At the end of that time the
supernatant Juid was drawn off and the residue examined for Steph-
anurus dentatus larvae. Corn husks and grass, after heing cut up
with scissors, were also examined for larvae in this manner.
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DISTRIBUTION OF EIDNEY-WORM LARVAE ON HOG PASTURES

Soil samples were collected at weekly intervals from pastures where
the hogs were known to be iufested with kidney worms. These
samples were then examined, in the manner previously described, for
the presence of infective and preinfective larvae. Owing to the
immense amount of work invulved in searching for kidney-worm
larvae among the hundreds of soil nematodes recovered in each Baer-
mann isolation, quantitative determinations of the numbers of larvae
in soil taken from these pastures were made in only two instances.

The greatest concentration of kidney-worm larvae was found on
moist soil beneath piles of corn husks, corncobs, and other debris
occurring on the areas on which the hogs were fed. It was observed
that the farmers, in the locality investigated, stored corn unhusked in
order to protect it from insects. (n most of the farms under observa-
tion the prectice of feeding this unhusked corn on the ground at the
sarpe place each day resulted in an accumulation of cérn husks and
cobs to a depth of almost a foot in some instances. The scil beneath
this debris, being protected from the drying action of the sun and
wind, in inany cases remained moist even over prolonged dry periods.
In observing the sctivities of hogs on these farms, it was noted that
the animals usually gathered af the feeding grounds, at irregular inter-
vals during the day, to root through the pies of debris in search of
feed. It was further observed that usually one or more of the animals
urinated during this period, and that the urine, containing kidney-
worm eges, was soon covered with debris thrown about by ogher hogs.
Under these conditions, animals frequently swallowed infective larvae
which had hatched from eggs deposited thers on previous days.

Kidney-worm larvae were commonly found also among moist pine
needles which covered the ground in the small pine groves usually.
included in the hog pastures in the locality under observation. It
was observed that the hogs often spent the hotter. portion of each
day in these pine groves, resting and rooting among the pine needles.
Consequently the sifuation in these places was somewhat similsr to
that on the feeding grounds, although the concentration of larvae
was much lighter than on the feeding grounds.

Infective and preinfective Stephanurus larvae were recovered in
small numbers from moist soil taken from shaded paths, from areas
near trees, and from the vicinity of shaded wallows, _

No larvae were recovered from either shaded or unshaded dry
soil. Furthermore, no larvae were found on moist soil that had been
exposed to the sun for a period of more than & few hours;

Infective Stephanurus larvae were rarely found ou areas covered
with forage, and then only on low-lying areas where the soil was
continuslly damp. _ .

Contrary to the opinions of Ross and Kauzsal (§) and others con-
cerning the importance of wallows in the disseminstion of the swina
kidney worm, these areas were found to be of comparatively little
importance in this respect. This conclusion seems justified in view
of the fasct that imfective Stephanurue larvae were recovered from
wellows in only 22 of 472 examinations. Moreover, in 8 cases where
infested snimals were seen o urinate in wallows, Bagrmann examina-
tions of mud and water from the entire areas, made twice & weel for
periods of 6 weeks, gave cousistently negative results.
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In this connection a comparison was made in two instances of the
number of larvae recovered by means of the Baermann appsratus
from measuvred quanfities of mud and water teken from wallows,
with the nuinber of larvae recovered from kmown smounts of soil
and husks from feeding grounds some distance away from these
wallows. In each determination, 3 weekly collections were made
of 2 quarts of soil and husks frem the feeding ground snd 2 gallons
of mud and water from the wallow which was to be examined. In
the first test & total of 4,567 Stephanurus larvae were recovered from
the scil and husks taken from the feeding ground. In contrast to
this, no larvae were found in the mud and water from the wallow.
Similar results were obtained from the second test, 1,498 larvae being
found in meterial taken from the feeding ground and none in that
from the wallow, ' -

Since Stephanurus larvee wers not recovered from mud and water
teken from wallows in the examinations described above, & series of
tests was carvied out to determine the fate of kidney-worm eggs and
larvas when exposed experimentslly to conditions which exist in
wellows. In each of 4 tests, kidney-worm eggs and larvae were
placed in & shaded wallow in & vacant hog pasture, and from 3
to 6 weekly examinetions were made of mus and wsater from the
entire wallow, by means of the Baermann apperatus. No larvae
were recovered in any of the examinations,

These findings indicate that kidney-worm larvae die rather quickly
under conditions present in wellows and that the wallow is evidently
of minor importance in the spresd of the swine kidney worm in the
locelity where this investigation was conducted.

The results of this series of observatious on the distribution of
kidney-worm larvee in hog pastures indicate thet most kidney-worm
infections in hogs are evidently acquired in s comparatively small
number of places, namaly the feeding grounds and shaded areas in
pine woods. 'This finding hes a bearing on control measures, :

LONGEVITY OF INFECTIVE KIDNEY-WORM LARVAE

Ross and Kauzal (§) reported that infective larvae of the swine
kidney worm lived 154 days in a culture of soil and feces kept in the
leboratory, They made no statement, however, as to the time such
larvae would live under less favorable conditions cutdoors. In order
to obtain definite information on this point, the writer carried out
two series of experiments. In the first series the larvae were kept in
small experimenteal plots outdoors where variations in tempe:ature
occurred but where sbundent moisture was supplied at all times.
The second series was carried out under pasture conditions where
the larvae were subjected to prevailing variations in temperature and
moisture. The experiments in which the larvae were kept under
favorable conditions as regards moisture, already briefly reported
(11), are here reported in detail. Certain other experiments fully
reported previcusly (71) dealt with the length of time larvae lived
under experimental conditions when moisture was not supplied.

Kidney-worm larvae that had just resched the infective stage
were placed on sterile soil in experimental plots kept under conditions
approximating those commonly found in hog pastures of that locality.
The experimental plots were laid out by first placing layers of gravel
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in the bottoms of metal containers, such as deep pans or tubs, which
were then filled with moist, sterile soil. This soil was kept meist
by the addition of water through a pipe extending into the layer of
gravel in the bottom rf sach container. Some of these containers
ware placed in the sun, and others in the shade. The soil in certain
of the containers exposed to the sun wag covered with a layer of corn
husks, and in others a sod vf carpet grass was grown. By the addi-
tion of large quantities of water the soil in some containers was made
to resomble wallows.

The Baermann apparatus was used in examining the soil, daily
examinations for larvae being made of soil samples from each plot.
In order that the total number of larvae on any experimental ares
might not be materially reduced by tha daily examinstions, all the
larvae recovered in the Baermenn isolations were returned to the
places from which they were taken. The next day soil for examina-
tton was taken from a different area in the experimental field. When-
ever a sampie of soil was negative for larvae, additional isoletions
were made from that plot until positive results were obtained or
until it became apparent that all the larvae were dead,

Counts of the number of larvae recovered from the soil of the
experimental areas were mot made. However, in this connection
it was observed that the number of larvee recovered in each isolation
decreaser progregsively until, toward the end of the experiment,
only one or two larvae were recovered in each isol.tion.

15171 table 1 are shown the periods during which kidney-worm
larvae were recovered from the various types of experimental plots,
together with the maximum and minimum air temperatures, and
the number of cloudy days during those periods.?

Tavrr 1.—Periods during which ezperimental plols conlained Kve Stephanurna
larvee when adequale moisture was supplied

LARVAE BENEATH OORN BUSKS AND OTHER DEBRIS, ON UNSMADED S0IL

Alr tempera- | Cloudy
ture during dnzye
Experi- longest period | during live Jarvae wars

Period durlng wiich

Date of beginni mengal| thatlarvae  llongest recovered
ginning of teat Plots survlved pf]: % a
BY
used ot
Maxl- 5iir-
mum vlvad

N mber| . . Number|
Apr. 4, 1850, 44
July 24, 1030
Aug. §, 1930
Oct. 8, 1430
Oct. 31, 1630
Now, §, 1030.
Dee, 12, 1630, ...
Jam. 24, 1931,
Fab. 10, 193]
Apr. 16, 1831

[EE ) E Y YR XNy

! The meteorologlunl datn were obtalned from the 6. Department of Agriculture Weather Burcau
station at Thomesville, Ga,, 28 miles southeest of Moultris.
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TacLe 1.-—Periods during which experimenial plols conlgined live Slephanirus
larvae when adequate moisture was supplied—Continued

LARVAE ON EHADED BOIL

Alr tempera- | Cloudy)
ture during days | Period during whish
lonpgest period | duriog 1lve larvas were
tal thnt larvae | longest racovared
Diate of begianing of test survived period
thet
lnrvas
Maxi- | Minl- | sur-
mum | vived

Number|
21

Bept. 20, 1028
Oct. 41, 1920
Nov. 15, 1928,
- Dree. 18, 192§
Jan. 4, 1930

Apr. 4, 1830
Apr. 11, 1830
July 26, 1630,
Aug. 9, 1830
Crct. 14, 1930

-

Mov. 18, 630
Novw, 26, 1830 ..
Do 3, 1830,
Dec. 12, 1530,
Dec. 24, 1930
. Jan, 15, 1031
Jou. 27, 1631
Jan. 30, 1631_.
Mar, 16, 1031 -
Apr. 39, 1931

bl e et B el bl e B R Y B b i DD D BT D D L B G e e

b .
Bicsonw-ooni

ON BOIL, IN

Qeat. N, 1920
Nov, 15, 1#0....
. 10, 1029
D, 11, 10801
Jon. 4, 10300

[—P L — L= ]

—

—
[—=F-—d=R 0 Ll =]

—

an
WS oo OO

0 - .
Feb. 3, 1930 1T
Dal....
Wnr, 3, W30
s}
Apr. 11, 10301
o

Aug. %, 18300,
Do

=]

[XRTR LR
—

-

Lk R B b3 e e B B B RT Y RI BT LT

LARYVAE

Doee. 10, 92
Dec. VLB
Jeo. 4, 1930,
Jon. 23, 1030,
Fep. 1, 1930..
Miar, 14, 1830 -
Mar. 31, WD
Apr. 4, 10300
Aug. 5, 1930,
Oct, 14, W30 .-
Apr. 1, 1031

bt et D b B3 D BT DB

1 Tha Inrvae were plaged an Toose, porens seil,
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TapLe 1.—Feriods during which evperimental plofs conlained live Sitephanurus
lurvag when adequate moisture was supplied—Continued

LARVAE OR EGGS IN MUD WALLOWS, IN SUN?

Al tempers- | Cloudy,
ture during | days | Pericd durlag which
Experi-| 10ngest period | during live larvae were
megtal tbaf lai oo |longesi recavered
lots gurvaved period

s that
. larvaa
Mpxi~ | Minl- | sur-
mum vived

Date of beginning of test

e fer| 8 . Number
Nov. 20, 1520_ i
Dee. 10, 1020,
Jan. 4, 1930,
Jan. 10, 1930,
Jan, 2, 19'30

-

Mar. 15, 1930 +

Apr. &, 1530

Apr. 10, 193D

Jone 6, 18304
Do

-
bl el B0 B ek bt B 02 D 7 L5 B

June 7, 1630
Aug, 9, 1930 4.

- -

Do_.
Aug, 12, 1920

! Nieterminations were made on larvae, except when eggs are speelfied.
¥ Egas recovered; no lnryae.

1 Preinfective larvae.

1 No larvoe recovered.

As is shown in table 1, when the larvae were protected from light
and desiccation and, to a cerisin extent, from extreme ve “ations in
temperature by a covering of corn husks and other debris, the plota
remained positive for larvee during & maxirnum of 78 days. Aress
of moist, shaded soil remained positive during & somewhat shorter
time, 66 days being the maximum time in which larvae were recovered
under those conditions. In contrast to this, when larvae were placed
on moist soil that was exposad to the sun, live larvae were seldom
recovered after the first day. However, in one instance two larvae
were recovered on the thirty-seventh day after the beginning of the
experiment. In this case the soil was very loose and porous and may
have afforiied some protection to the larvae. It is to be noted also
that in this test 26 of the 37 days were cloudy.

As is.also shown in the table, when infective larvae were placed in
small, artificially constructed wallows they appsarently died rather
quickly. in one instance larvae were recovered {our days after the
beginnirg of the experiment, after which time the plet remained
negative, Preinfective larvae failed {o veach the infective stage and
eges failed to hatch under these conditions.

As can also be sean {rom table 1, the periods during which the experi-
mental plots deseribed remained positive for larvae in winter were
much shorter than the periods during which they remained positive
in the werm months of the year. In every case, when the minimum
temperatures dropped below freezing for a sufficient length of time to
freeze the ground in the experimental plots, they became negative,
the larvae apparently heving been killed by the low temperatures.
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These observations, which are in accord with the findings of Schwarbz
and Price (8) and of Ross and Kauzel (5), were confirmed by examina-
tions of infested areas in hog pastures made by the writer during the
winter monthe. As was found to be the case on the experimental
plots, the larvae in hog pastures were readily lilled by {reezing.

Tn conjunction with these experiments, additionsl tests were made
on the longevity of infective larvae under pasture conditions, in which
the lervae were exposed to normsl variations of temperature and
moisture. 'These experiments were carried out during the spring and
summer of 1931 on & carpet-grass pasture that had been unoccupied
by hogs for more then a year. In each of five tests several thousand
infective larvee were placed on ereas of unshaded seil in this pasture
and also among moist pine needles in an srea of pine woods adjacent
to the pasture. Weekly examinations were made, by meeans of the
Baermann apparatus, of the aress on which the larvae had been placed
and of the surrounding soil and debris. Table 2 shows the length of
time the larvae lived under these conditions, together with the
distances they migrated, the maximum and minimuin air tempera-
turas, the rainfall, and the number of cloudy days during each period.

Tanre 2.—Length of lime infective Stephanurus larvge lived and the distance they
mrgrated under field condilions, 1831

LARVAER ON UNSIADED SCIL OF A CARPET-GRASS PASTURE

Air  temperatore | Rainfall | Olondy

s | Sy (| g e

o - o A

Date of bg},_”n'“g of :%?gi‘.sa! vae survived ptaé'iotd estt;?‘eréud
used i Mini- ian’rlaa lnn?ae

survived | sarvived | Tt} Plot 2

Period durlog
which Hvelarvan | Greatest
were recovered

N wpiber " ¢F. Trgher | Nusher Duys
) VI S— 1 k 2,13 18 24

Apr, —— LHE 1
MDay 14 -4 i2
June 12
July Teeeae

L3 fi
210 0

b ED 1D

LARVAE AMONG MOIST PINE NEEDLES SHADED BY PINE

2z a7 a8 . 23 18
1 103 i) 3 2 4
1 70 69 . ir ]

May Mo mee

Lervae were tecovered from the pasture areas for pertods of from
6 to 24 days, and from among pine needles for periods of from 18 to
29 days aiter the beginning of the experiments. These results indi-
cate that when larvae of the swine kidney worm are exposed to the
environmental conditions present in carpet-grass pestures snpd pine
woods, they survive s shorter time than under the more favorable
conditions of shade and abundant moisture.

EFFECTS OF YARIOUS ENVIRONMENTAL CONDITIONS UPON KIDNEY-
WORM EGGS AND INFECTIVE LARVAE

In order to account Tor the short time which infective Stephanurus
larvae lived in nnprotected situations as compared with the time they
lived under more favorable conditions, a series of experiments was cer-
ried out in the Iaboratory te determine the effect of the various environ-
menta)] factors upon these larvae. The effects of sunlight, desiceation,
and high temperature upon infective larvae are discussed m this order.
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EFFECT OF SUNLIGHT ON INFECTIVE LARYAE

As was stated in discussing the results of the survey of hog pastures
for larvae, no live kidney-worm larvae were recovered by the writer
from either moist or dry soil that hed been exposed to sunlight for
more than a few hours, Furthermore, as shown in table 1, Iarvae lived
a very short time on experimental ]ﬂ‘lots exposed to the sun, even
though abundant moisture was supplied at all times.

In order to account for this, the following experiment on the effect
of sunlight upon kidney-worm larvae was carried ouf: 100 active
infective larvae were placed in each of several 5-cc vinls filled with
water af » temperaturs of 77° F.; each vial was then suspended in a
horizontal position in a 1-lifer beaker by means of a wire stuck in the
cork of the vial and looped over the rim of the beaker. TEach beaker
was then filled with water at & femperature of 77°, and the larvae in
the vial-beaker set-ups were exposed to sunlight for varying periods
over o white background, the water in the beakers being kept at a
constant temperature throughout the period of exposure to sunlight.
After this exposure, the larvae were kept in the dark for 24 hours at
o temperature of from 687 to 77°. At the end of this time they were
warmed to 98.8° to determine whether or not they were still alive.
In each experiment an cqual number of control larvae were exposed
in the soune manner to the diffuse Hght {rom o north window at 77° for
the same length of time that the cxperimental larvae were exposed.
All the control larvace survived under these conditions. In contrast
to this, it was found in a series of experiments carried out during
June and July 1931 that exposure to sunlight for a period of 1 hour
on & clear day was sufficient to Kill infective kidney-worm larvae.
In agreement with the results obtained with the control larvae, an
exposure of 9 liours to outdoor conditions on totally cloudy days was
found insuflicient to kdll the larvae.

To test further the effect of sunlicht upon these worms, infective
larvae were placed on moist, hard-packed soil in Petri dishes. These
dishes were then set in the sun. At each I-minute interval o dish was
removed to the laboratory, placed in water in a pazn, with the level
of the water below that of the soil in the Petri dish, and kept in the
dark for 24 hours at & temperature of from 68° to 77° F. At the end
of this time both the soil in the Petri dishes and the water in the pans
were examined for live larvae.

In a series of 12 tests carried out on clear days during the months
of June, July, and August, 15 minutes was the maximum period that
larvae were found to survive under these conditions. These findings
sre supported by the results of feld studies on the effect of sunlight
upon the eggs and larvae of this parasite.  On one of the farms under
observation, a brood sow was eonfined in a {farrowing pen from which
all vegetation and debris had been removed. The sow habitually
uring$ed on an area of soil close to the north side of o wooden gate.
Because of the nature of the soil, this area was continually damp,
Examinations were made of the soil twice o weelt for o period of 4
weels, the length of timerthe sow was allowed to remain under these
conditions. On three occasions, infective larvae were found on the
soil shaded by the gate. In coutrast to this, no larvac were recovered
from the contaminated areas that were continually exposed to the sun.

These experiments and observations indicate that the larvac of
the swine kidney worm are very susceptible ¢o the action of sunlight

10600°—54——3
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and are readily killed on moist soil that is exposed to sunlight. This
accounts, in part at least, for the failure to find infective larvae on
soil exposed to the sun, and also for the short perieds during which
larvae survived on unshaded experimental areas. (Table i andp.7.)

EFFECT OF DESICCATION ON EGGS AND INFECTIVE LARVAE

Since, as stated in the results of the survey of Lkidney-worm-
infested hog lots, kidney-worm larvae were never recovered from dry
soil, o series of tests was performed to determine the effect of desicca-
tion on the eggs and larvae of this parasite.

To determine the effect of desiccation on eggs, single drops of water,
each containing approximately 300 eggs in the early stages of develop-
ment, were placed in several places on a layer of dry pulverized soil
indoors where the temperature varied from 68° to 77° F. At inter-
vals of 15 minutes the soil containing the eggs from a single drop of
water was removed, moistened, mixed with charcoal, and cultured
for 10 days at room temperature (68° to 80.6°). The viability of the
eggs in ench test was determined by examinations of soil and charcoal
cultures made from eggs not exposed to drying. The results of the
17 tests are given in table 3. These data show that kidney-worm
eggs are killed by air-drying in from 7 to 10.75 hours.

Tapry 3.—BEfecis of air-driing on kidney-worm eggs and infective larvae

Timo of " Tima of Timo of
survival survival survival
Test na. Test no.

Larvoe Eggs i Larvae Epgs |Larvae

Fours Ioure | flours Flaurs
2. 50 8,00 3,50 0.00
3.25 - 10. 50 2,00
. 10. 50 ]

| MRS 2,60
10,25 1. 78
8.50 3.23

In order to obtain additional information on this point a study was
made, under field eonditions, during the spring and summer months .
of 1931, of the effect of sunlight and desiceation on Lkidney-worm
cggs that had been deposited by infested animals when urinating on
dry, unshaded soil. Immediately after these animals had urinsted,
a portion of the seil en which the urine fell was collected and later
taken to the laboratory, kept for varying periods, and then mixed
with charcoal and incubated at room temperature. The location
of the infested soil was carefully marked, and a second sample taken
24 hours later.

Tn o study of 62 such areas it was found that 24 hours after the
urine had been deposited the soil was caked and dry. Zggs recoverad
by the salt-flotation technic from these areas appeared to be dead in
all cases. When this soil was moistened, mixed with charcoal, and
incubated at room temperature, no larvae were recovered from any
of the 62 samples, even after an Incubation period of 16 days. On the
other hand, soil samples collected immediately after the urine was
deposited yielded infective larvae, with but two exceptions, after
5 to 8 days’ incubation.

Sinco it was found that Stephanurus ova are quickly killed by desic-
cation, o series of tests was made to determine the effect of air-drying
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on the infective larvae of this parasite. In these tests infective larvae,
in small drops of tap water, were placed on dry pulverized soil in the
shade, where the temperature varied from 68° to 80.6°F. Atintervals
of 15 minutes, soil samples containiug the larvae from & drop of water
were removed and placed in the Bacrmann apparatus to determine
whether or not the larvae were still alive. The results of the fests
are shown in tahle 3.

During certain of these tests the larvae were still alive after 3 hours,
even though the soil appeared tobe dry. Onmicroscopical examination
it was found that each particle of soil was surronnded by a thin film of
water and that it was only after this water had entirely evaporated
that the larvae died.  In view of this fact, much of the variation in the
survival time, 1 to 3% hours, ean perhaps be attributed to the varia-
tion in the rate at which the water evaporated from the soil particles.

The results of these tests and observations of the effect of desicea-
tion on kidney-worm eggs and larvae confirm the findings of Schwartz
and Price (8) and of Koss and Kauzal (5) to the effect that these
stoges of the kidney worm are readily killed by drying. This sus-
ceptibility of the eggs and larvae to drying serves to explain the failure
to find live kidney-worm egegs and larvae in places where they would
be exposed to drying.

EFFECT OF HIGH TEMPERATURE ON INFECTIVE LARVAE

No attempt was made to determine {lie maximum temperature ab
which infective Iarvae will live on soil, but in laboratory tests it was
found that the infective larvae are killed alinost instantly in water at
& temperature of from 123.8° to 124.7° F.

REACTION OF INFECTIVE KIDNEY.WORM LARVAE TO CERTAIN
ENYIRONMENTAL STIMULI

REACTION TO LIGHT

In order to determine the reaction of infective Stephanurus larvae
to light, the following tests were performed.

Several hundred active infective larvae were placed in water in a
glass tube which was stoppered ab both ends. One half of the tube,
placed in e horizontal position, was then inserted in a wooden ther-
mometer case, and the opening around the tube plugged with cotton,
leaving half of the tube in constant darkness and the other half
exposed to daylight, The tube and thermometer case were then
placed in a horizontal position on a table by a window, out of direct
sunlight, and the position of the larvae in the tube was determined
4 duys later. When a small portion of the covered end of the tube
was pulled out, a large number of larvae were scen to have gathered
at o point in the tube which had been just inside the mouth of the
thermometer case. The majority of these larvae had apparently
migrated from both the covered and uncovered portions of the tube to
what was probably the point of most faverable light intensity for them.

TFurther, to test the renction of infective Judney-worm larvae to
light, several hundred nctive larvae were placed in a Petri dislr approx-
imately one fourth full of water, hall the dish being covered with black

aper. The dish wag placed on a table near a north window, and the
srvae were distributed in the dish as evenly as possible. When bhe
dish was examined 3 days later, there was, as before, o noticeable
grouping of larvae just inside the darker area.
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These observations indicate that the infective larvae of the swine
kidney worm are, to a certain extent at least, negatively phototropic.
This condition, it seems, would enable larvae on soil to escape the
destructive effects of sunlight by migrating for short distances into
protected situations. In this manner many larvae would be sble to
survive in relatively dark places, wheress they might be destroyed

in lighter aress.
REACTION TO HEAT

When a bot needle was applied to the under side of a watch glass
containing infective larvae in water it was found that those in the
vicinity of the needle soon became active. When the process was
continued for seversl minutes, the larvae for some distance away
gradually migrated toward the point of greatest heat.

The reaction of infective kidney-worm larvae to heat was further
tested by & method similar to that used by Monnig (f). A large
number of infective larvae were placed In & small glass tube of watber
which was stoppered with small corks. A copper wire of small
diameter was wound several times around the middle of $he tube, and
the end of the wire was left projecting a distance of about 4 inches
beyond the tube. The tube was placed in & horizontal position on the
stage of 8 microscope, and heat was applied to the end of the wire
by means of an alcohol lamp, care being taken not to apply the heat
50 rapidly tha$ bubbles would be formed and currents set up in the
water. As the heat penetrated along the columm of waler the larvae
became quite active. As the water became warmer, meany of the
larvae for o distance of an inch or more on each side of the wire begsn
to migrate slowly toward the warmest spot. In about an hour many
of these larvae bad collected near the wire st the point of greatest
heat, which indicates that the larvee are positively thermotropic with
respect to degrees of heat likely to be encountered under natural
condibions.

MIGRATIONS OF INFECTIVE EIDNEY-WORM LARVAE
LATERAL MIGRATION ON MOIST SOIL

In order to determine whether infective Stephanurus larvae migrate
extensively over the surface of the soil, the following tests were carried
oub. Infective larvae were placed on narrow strips of shaded soil
each of which was bounded on all sides by pieces of dry tin, soldered
at tha corners and extending 2 inches above and 2 inches below the
surface of the soil. Moisture was supplied, as previousty described,
by meens of » pipe extending te the bottoms of the containers in
ywhicl};lthe tests were performed. The results of the tests are shown
in table 4.

Tants 4—Ixtent of leteral migration of infective Lidney-worm lurae

Dis- Dis- Dis-
tanca Eroco tance

the the tun
larvao Test no, lnrvae larvno

i mi- mi-
grotad grated grated

Inches Taches Inches
3 ofl 8. | F | 2
3 2 a
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As may be seen from table 4, very little lateral migration occurred
wnder these conditions. In this conmnection it should be noted, how-
- gver, that considerable lateral movement of larvae ocourred (12 inches
" in one case) in three of five tests on the longevity of infective larvae
under pasture conditions. (Table 2.} In these instances however,
heavy rains had oceurred during the time the tests were in progress,
which accoungs, perhaps, to & certain extent at least, for this move-

‘ment.
YERTICAL MIGRATION THROUGH MOIST SOIL

In order to determine whether or not infective kidney-worm larvae
are able to migrate upward through soil, three tests were performed,
as follows: Several hundred'infective larvae were placed in the hottoms
of each of four small tin cans about 2% inches deep, which were then
filled with moist sterile soil. Each con had a number of holes punched
in the sides near the top to permit the entrance of moisture to the
goil inside the can. These containers were then placed in a tub of
sterile dirt with the surface of the soil in the eans slighfly above that
in the tub. Moisiure was supplied to the soil in the tub in the man-
ner previously described. Daily examinations for larvae were made
over g period of 3 weeks, both the surface soil in each can and the
dirt in the tub being examined. After esch examination an amount
of sterile soil equal to that used in the sxamination was returned to
-each cen.

In these tesfs only a few larvae were found to have reached the
surface of the soil in the cans at any time during the periods in which
the examinations were made. In the firat series of examinations 1
larva was recovered from the surface of the soil in a can on the four-
teenth day, and 3 from another can on the fifteenth day; in the second
series, 1 laxva was found on the tenth day; and in the third series 4
larvae wera recovered from the gurface of the soil in a can, on the
eleventh day.

No larvae were recovered from the soil in the tubs, outside the cans,
af any time; this indicates that the larvae did not migrate to the seil
outside the cans.

Since soma vertical migration of infective larvae oceurred under
experimental conditions, a series of examinations was made of kidney-
worm-infested fields, both before and after plowing, to determine
whether vertical movement of larvae through soil occurs under these
conditions.

Shortly before the fields under observation were plowed, a number
of infested spots were earefully loeated; after plowing, six weekly ex-
aminations were made, by means of the Baermann apparatus, of the
soil directly over and for some distance arcund the spets where the
larvae were buried by the plow; no larvae were recoversd from the
goil taken from any of the 95 prens examined.  As was the case under
experimental conditions, apparéntly the larvae showed very little
tendency to move upward through soil, sither by their own efforis
or by the capillary movement of water contained in the soil. The
depth to which a plow would bury larvae exceeds 2} inches; and
either the percentage of larvae that could migrate upward a distance
distinctly greater than 2% inches was very small, or the distance was
too great for any larvae to migrate.

These results confirm the findings of Ross and Kauzal (5), to the
effect that extensive vertical migration of kidney-worm larvae through
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- soi apparently does not occur. The results also indicate that plowing
of infested land is & control meesure for this parasite.

YERTICAL MIGRATION ON GRASS

Infective kidney-worm larvae were placed on soil in an experimental
Elot; on which weas a heavy sod of grass spproximately 12 inches in
eight. Several times each day a number of stems of grass were cut
close to the ground and divided into l-inch lengths, measuring from
the bottoms of the stems. The various I-inch lengths of grass were
then washed in separate dishes of warm water which was allowed to
settle, following which the supernatant fiuid was pipetted off and the
residue examined for larvae. The various lengths of these samples of
grass were also examined for larvae by means of the Baermann ap-
paratus in the manner previously described.

Before or just after sunrise each morning, when the grass was wet
with dew, large numbers of active kidney-worm larvae were recovered
from the stems and blades of grass cut at that time, 2 inches being
the maximum height at which larvae were found. After the dew
had evaporated, however, only a fow dead larvae were ever recovered
from the grass. Gz the basis of the number of live larvae recovered
before and after the dew had evaporsted, and the results of experi-
ments on the resction of Stephanurus larvaeé to light, it may be con-
cluded that ss the grass blades dried the larvae migrated downward

-to the damp, shaded soil below. Some, however, were killed on the
grass, either by the action of light from the sun or by desiccation,
.68 the finding of dead larvee there proved.

The results of these experiments were confirmed on several occa-
sions by the finding of live infective larvee on grass that had been
cut from infested pastures before sunrise, whereas grass cut from the
same areas after it had dried was always negstive. Schwartz * found
that Iddney-worm larvae in charcoal-feces cultures kept in glass con-
fainers migrate up the sides of the containers and move in the films
of moisture which settle on the walls of the glass vessels. He found
that the larvee accumulate on the walls of the vessels in large clusters
and wriggle very actively a8 long as moisture is present.

The upward migration of kidney-worm larvas on grass undoubtedly
has a bearing on the discemination of this parasite. In the locslity
in which fnis study was made, heavy dews fall almost every night, and
hogs grazing early in the morning undoubtedly pick up many larvae
which have migrated up the grass blades. This habit of the larvae, of
ascending vegetation, may also explain the frequent cecurrences of this
parasite 1n the livers of cattle in this section of the United States.

EFFECT OF GROWING CROPS ON LAND INFESTED WITH KIDNEY-
WORM LARVAE

In order to determine whether the growing of & crop on an infested
field would destroy the kidney-worm larvee present there, and thus
enable the farmer o place clean animals on this land without danger
of infestation, the following tests were made.

Infested aress in fields were carefully located immediately before the
fields were plowed. - After the Jand had been plowed, weekly examina-
tions of the surface soil plowed over the infested spots were raade

1 Perzann! communication,




BEHAVIOR OF LARVAE OF THE SWINE KIDNEY WORM 15

throughout the period of growth of the crop. Furthermore, collections
of soil from thess areas were made within a few minutes after the land
was plowed for the next planting. In this manner examinations were
continued, over a periog of 18 months, of infested fields on which
crops of corn, cotton, peanuts, tobacco, melons, sweetpotatoes, onts,
and sugarcane were being grown. No larvae were found at any time;
this indicates that plowing infested land and growing a crop on it will
free the land of kidney-worm lervae and render it suitable for the
raising of pigs free from. kidney-worm infestations, if the breeding
stock 1s unparasitized and if extraneous sources of contapnation can
be avoided.

BASIS FOR CONTROL MEASURES

Suggestions for the control of the swine kidney worm have been
made by Shealy and Sanders (10), Schwartz (6, 7), Roberts (4),
Ross and Kauzal {5}, and others, oll of whora emphasized the impor-
tance of mainteining sanitary conditions in hog lots as an initial step
in the control of this parasite. Roberts (4) and Ross and Kauzal (&
further state that if control is to be accomplished it is important to
take advantage of the susceptibility of kidney-worm eggs and larvee
to the destructive effects of sunlight and desiccation by raising young
pigs on clean, dry, well-drained soil that receives the maximum of
sunlight. These writers also emphasize the desirability of plowing and
working land on which infested animals have been lept before placing
clean animals on it.

On the basis of the experimental data reported in this bulletin and
of the results obtained by other workers, the following recommenda-
tions are made which embody the essential requircments for control
of swine kidney worms.

A field that s used for farrowing purposes should be well drained
and should have had at least one erop grown on it sinee last being used
by infested spimeals. In view of the susceptibility of the eggs and
larvae of this parasite to the destructive effects of sunlight and desic-
cation, farrowing houses, feeding pens, and wafer barrels should be
located close to the fence on an area of dry, well-drained, unshaded
sofl a6 least 30 feet wide. 'This strip of soil should be kept {ree from
vegetation and debris of all kinds. By this arrangement the sows will
have to cross the strip of bare soil alter leaving the feeding peons,
farrowing houses, or water barrels, beforo reaching the grazing crop
used as o source of green feed for the sows and pigs. Asa result much
of the urine passeE by the sows at such times will fall on the bare
unshaded soil where the kidney-worm eggs will be killed by sunlight
and desiccation. Likewise, in view of the fact that swine ﬂabituully
malke paths along fences, a strip of bare soil 5 feet wide that is kept free
from debris and vegetation should extend along the other sides of the
farrowing field.

Tt is desirable that the sows be fed and watered in a pen to which the
pigs are not admitted at any time. This pen should be located on the
wide strip of baresoil. The sows ghould remain in the pen for at least
1 hour at each feeding time in order that most of the urine and feces
they pass at feeding time may be in o place inaccessible to the pigs.

As soon as the pigs are old enough to eat, o balanced diet should be

rovided for them in self-{eeders located in a creep on the wide strip of
gare goil previously mentioned.
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After the pigs have been weaned and transferred, by hauling, to
clean ground, the old farrowing field should be plowed and at least one
crop grown on it before it is again used for clean snimals. Nighbert
and Connelly (8) also recommended such a procedure.

Additional suggestions for the protection of pigs from kidney worms,
based on the life cycle of the parasite, have been given by Schwartz
(73. Details of management gre also under further investigation on
farms in the vicinity of Moultrie, Ga.

SUMMARY

In a survey of kidney-worm-infested hog pastures in the vicinity
of Moultrie, Ga., larvae of these worms were found almost entirely
on moist, shaded soil where they were protected from light and desic-
cation. The greatest conmcentration of larvae was found to oeccur
beneath piles of corn husks, cobs, and other debris, on areas where
bogs were fed. Larvae were found less frequently among moist pine
needles, on moist, shaded paths, and beneath grass on low-lyiug pas-
ture arems. On the other hand, live larvae were never recovered
even from moist soil when the soil had been exposed to sunlight
for more than a few hours. Lervae were not recovered from dry
soil at any time during this investigation.

Contrary to the findings of Ross and Kauzal in Australie, kidney-
worm larvae were seldom recovered from wallows in the vicinity of
Moultrie, Ga,

The meximum length of time infective larvae survived under
favorable moisture conditions was found to be as follows: On experi-
mental plots covered with corn husks and other debris, 76 days; on
soil covered with growing grass, 67 days; va shaded areas, 66 days;
on unshaded soil which was loose aund porous, 37 days; in wallows, 4
days; on unshaded areas of bare packed soil, 3 days.

Under actual pasture conditions, live lgrvae were recovered from
carpet-grass pastures for & maximum period of 24 days, and from
pine needles m a pine grove for a maximum period of 29 days.

Kidney-worm larvae were found to be susceptible to low tempera-
tures, being killed by freezing, both in experimental areas and under
field cenditions.

Infective kidney-worm larvae in water were killed by 1 hour’s
exposure to sunlight at 77° F. When exposed to sunlight on moist,
smooth soil, infective larvae were killed In 15 minutes. These re-
sulta were confirmed by the failure to find larvae on moist soil in
hog lots exposed to sunlight.

%.idney—worm larvae and eggs were killed by desiceation on dry
soil in the shade under expertmental conditions, and evidently died
under such conditions in the field.

Infective Stephanurus larvae were killed almost immediately by
water a4 & temperature of from 123.8° to 124.7° F.

The results of experiments on the reaction of infective kidney-
worm larvae to strong light suggest that these larvae avoid intense
Light, since they were found to migrate short distances away from
strong light info light of slight intensity.

These %arvae were also found to be positively thermotropic, being

definitely attracted to moderately warm areas, into which they
moved from colder areas.
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Under experimental conditions infective larvae migrated laterally
8 maximum distance of 4 inches on moist soil. Under field condi-
tions some lateral movement of larvae over soil was found to oceour,
12 inches being the maximum distance recorded. Under experi-
mental conditions & small number of larvee migrated vertically
through 2J{ inches of moist soll. These findings are in agreement
with those of Ross and Kauzal (), who found that thess larvas
would migr&te vertically only a shost distance through soit. From
8 study of infested fields no evidence was found which would indicate
thut imfective larvae are able to migrate to the surface of soil after
being covered to usual plowing depths.

Vertical migration of infective larvae on grass to a distance of
approximately 2 inches was found to occur, both under experimental
snd field conditions when the grass was wet with dew.

In & study of kidney-worm-infested fields, extending over & period
of 18 months, it was found that growing a crop on an infested area
will epparently free the fields of the larvae present there.
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