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INTRODUCTION

The family Moniliformidae of the Archiacanthocephala which
containg all the acanthocephala found in terrestrigl mammals

of North America, includes only a single genus, Moniliformis.

The genus- includes two species whieh occur in North America.

Oney; Moniliformis moniliformis, -has attained practically a
worldwlde distfibuﬁidh; ﬁhiie~the<other;-ﬁp clarki, is

indigenous to Nortlh America. Gockroachesfserﬁé as;the

interﬁediate-host fbr the coémopolitanvgaAmoniliformis»which
occurs éé“an:édult.iﬁ the<intestine of éhé oi&‘Wbrid rats.
North American squirrels. are the ‘chief de¢in1tive host for
M. clarki., The intermediate- host for thig form has not been
reporﬁéd;in the literature.

During the. covrse of thls study, some very égéiiing
A interrelationships between the»population dynamiés;of»the
para31te and 1ts hostg were discovevedo‘ Evideﬁcehéf this
sort as. presented beélow, - opens up -a relatlvely unused avenue
of approach to the determinqtion of an intﬂrmediate host. The
usual method of placing the main emphasis on the 1aboratory
determination of the physiological compatibility of the forms
concerneijleaves much to be desired, if one wishes to determine
tﬁe»pafticﬁlaﬁ host or hosts that are é9tivé1y~involved*in
seeing the parasite through the rigors of eafly i;fe; Needless

to say, physielogical compatibility is essential, but the fact
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that a parasite 1s capable of developing in a particular form
does not preclude the possibility that the parasite is actually
utilizing a different host because of some -ecological factor.
Since very little l1g known about most aéanthocephal&n life
cyclés9 the host specificity attributed to the larval forms may
by thé'result of lack of information. The adult form of this
parasite . has been reported from five families, comprising three
orders of mammals,

Evidence will be presented below to show that the common

black field cricket Acheta assimilis (FPab.), is the intermediate

host of M. clarki that parasitigzes Neotoma abigula in the vicinity

of Tucson, Arizona. Evidence from the literature clearly
indicates that the cricket may be involved in other areas  as
well,
Chandler (1947) reporting on M. clarki in North American

squirréels in Florida, stated that there seemed to be a
correlation between the incidence-of M. clarkli in gray squirrels
and the ecological habitat of the hosﬁg O0f the eight squirrels
collected in the river swamp association, none was:parasitized.
However, all three of the adults collected in the zeric
agsociation werévinfested; The river: swamp contained a dense
jungle-llike growth with much of the ground covered with water
most of the year“(cfa also Ja'Mgoreg 1946). The xeric
assoclations were:dry With-sparséjuhdergrowﬁho Therefore”
Chandler concluded that the intermediste host was limited to
the drier loealitieso ~Also,’0hand1er (1942) failed to. £ind
M. clarki in g series of 12 fox and 4 gray squlrrels collected

in swampy Woods in southern Texas.
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Cantral (1943) working on the ecology of the Orthoptera
of .the George Reserve in Michigan, found that crickets may live
cloge to the margin of swamps and marshes, but very rarely enter
hydric habitats. This would explain why Chandler failed to- £ind
M. clarki in squirrels in the swampy areas of Texas and Florida,
if the dricket is the intermediéﬁe host in -those-areas.

M. Qlarki.is primarily a parasité of North American sq_uirrels°
The péraéite'has been reported from five of the genera of

Scluridaes Sciurus, Glaucomys, Tamias, Butamias, and Citellus.

The habit of foraging on the ground ﬁould bring squirrels into
contact with the erickets. Although the cricket ls considered
to be nocturnal, on warm, moist days, they are active until
late morning. I have heard them as~lateraérlo o'elock. Algo,
under the right conditions of moisture and temperature, the
crickets become active early in the evening. This early
morning, early evening activity of the crickets would overlap
with the activity of the squirrels. Moore (1947) noted that
Glaucomys, the Florida flying squirrel, foraged on-the:fargst
and in ééveral-cases found nests below the ground level with
radiating tunnels.
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METHODS

The woodrats used in this study were obtained by Keith E.
Justice and/or me by digging out dens-or trapping. The woodrats

were taken to the 1aboratory?and examined for the adult form of

Monilifofmis qiarki¢ The worms from parasitized woodrats were
plaeedﬁimméai;teiy’into tap-water to be-relaxed for a period
of 8 to 10 hours, or until they everted their proboseig., - After
the~ﬁorms were completély relaxed, they were fixed in alcohol-
formol-acebic acld (a. . a.) after the formula of Cable (1953).
The wormg -were left in the fixative for varying lengths of tiﬁe,
_:from overnight to a week, and then transfered to 70% alcohol
for storage.

The crieckets examined for the larval form of the parasite
.were obtained from dens of woodrats. Approximately 35 dens
“were dug outb for that purpose. The cerickets were -collected
in Wide-mouﬁh Jars and transported to the laboratory for |
examinatiqna

In the iabdratory9 the crickets were anesthetlzed, and
their heads and legs were trimmed off. A slit was made down
the midveﬂtral line>of‘the-body and the larvae were washed
out into saline solution (0.7% Nall) with a small pipetté°
It waS-necessary-io tease the cfickets apart to find the larve
adhering to the adipose tissue and the malpighian tubules.
The gut was dlssected. out in\its'éntirety'and’examined for
the larvae in the process of passinggin£0’the haemocoel -from
the gut cavity. The larvae to be,stéiﬁedfwere treated by the

same method used for adults. The-examination as deseribed
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above was carried out with the ald of a dissectingvbinbcular
scope and is essentially the procedure-followed by Hoore: (1946).

The-cricketsrto be infested artifiliecially with eggs ffom
adult worms were~colleéted in front of food markets at night.
They were placed individually into pint maéon Jars and were
deprived of food for 24 hours. Pablum, infected with a -
suspension of eggs stripped from the body cavity of adult
wornms, was provided for each cricket on a small piece of glass
slideo After several days, ﬁhe~crickets were placed into
aquaria. - The aguaria Wgre‘provided with sand, paper toweling
aﬁd a continuous supply of both feod and water.
| Woodraﬁs reared in captivity werefinfesﬁed with larvae
obltalned Trom the-haemocdél of crickelts. Thres methods\were
uged in attempting artificlally to infest woodrats. The-first
congisted of anésthetiziné the animal and adminlistering the
larvae orally with avsmall pipetgew This method was awkward'
in that it was difflicult io determine how many of the larﬁae
were swallowed, 1f any. The§second method conesisted of -
trimming off the jﬁmping legs of the cricket,; and putting the
- woodrat and the cricket~£ogether'in a cage out.of which the
cricket could not escape. It is impossible with this method
to determine the number of larvae -infesting a cr“icke-t,-ifré,ny°
W. J. McCauley (oral communication) suggested the third method.
A bnemhalf inchlwooden-dowel, with a small hole through the
center aboult three inches from one -end that is tapered to a

blunt point, was forced between the Jaws of the animal te be
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infested. The dowel was rotated to roll out the tongue. &
small catheter wasg inserted through the-hole in the dowel and
into the cstomach of the woodrat. The 1arvae~were«injected
~directly into the stomach through the -catheter with -a -small
syringe. The syringe and tube wére immediately washed out in
saiine solution to recover any larvae:adhering to them.

The captive WOodrats-were prqvidedlwith a comnstant sﬁpply
of a standmrd rat diet,(Purina-léborgtory chow). Moisture was
provided in the- form of prickly pear stems.  -In addition, &
salt lick was provided each rat. The woodrats appesred to
thrive on this diet. One male woodrat was kept almost two years
on thig diet, and~appearedvin e#cellent health when -sacrificed.

The precipiﬁation-data were ﬁakeﬂ*from»thegreport of the
U. SOJDepartment of Coﬁmerce,-Weather-Bureau»on local'
climatological data. The precipitation data werelgathered~at
the Muhicipai Alrport in Tﬁcson,~Arizona (u. 8. Department of
Commerce, Weather Bure&u)o

The stainiﬁggprocedﬁre folicwed is that recommended by
Van Cleave (1953). After staining, thé'speeimens Were~dehydrated
in successiVe-changeé okl alcohol,‘increasing'in strength with
each changes ‘Benzéne wag used to clear thefspecimens,‘and
"~ they were mounted in permdunt (Fisher). | |

Three stains were used: Semichon's carmine (Cable; 1953);
borax carmine, and Erhlighfs haematoxylin aged with potassium
permanganate (Watson, 1943)Q

A large humber-ef Temale worms were measured for total

length. Total length 18 used as a rough estimate -of age to
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determine the population structure of the adult parasite for the
varlous months of the year. All other measurements taken on
both the adults and the larvae were taken with an oculer micro-

meter,



RESULTS

Woodrat Infestations

In the study area, 10 miles east of Tucson along the

014 Spanish Trail, better than 50% of the wocdrats are

infested with the acanthoeephalan¢‘Méniliformis;elarki_

throughout the year (Fig. 1, Table 1). It'is evidentithat

there are two peaks each year-in.the infestation, one.at the

end of summer and the other around the first of the year.
Although the percentage infestation approaches 100%lin each
case, ihe late summer peak represents a much heavier infestation
per rat. The number of worms per rat represented by the

-July, 1956, peak is more than fTive times the number for the
January, 1956, peak. Data for July, 1955, are lacking, but

the infestation in-August, 19559 is more than twiece thét'in
January.. 19560 ‘

| There Seems Lo be a’good correlation béuﬁeen the amount

of 1nfestatlon and pre01bltationo In 1955 and 1956 the sunmer
raeins are followed closely: oy‘both an -increase in the percentage
finfeatatlonuamd in thevnnmber of worms per rabt. Also,. there

is a similar inerease;falthough not as prominent, after the
winter rains early in 1956. This correlation appears to be

a congequence of the role which rainfgll“plays in the
interrelationship between the weoodrat and the in%ermediate

host.



Pig, 1. The rate and incidence of infestation

of Moniliformis clarkl in the woodrat as correlated
with precipitation (infestation data for July,

1955, is missing).
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Table l.-=Monthly data of bre01p1tatlon and woodrat infestation
(T = trace). .

Number Number % of ~Worms

of rats .of rats rats per

Year Month. (§) infested infested rat Maximum Precipltauion

1955 ‘June - 12 8 ©, 66,7  3.18 12 - 0.03
July ' 5.10
Aug, 92 83 90.2 13,80 131 7.93
Sept. 4 4 100.0 10.00 41 0.05
oct. '15_ 15 100,00 .9.07 35 0.32
Nov. 24 22 91.7 5.75 33 T
Dec. 13 10 76.9 3.55 13 0.33

1956 Jan. 14 11 78.6 5.79 42 1,08
Feb. 22 21 95.5 2.82 12 0.54
Mar. 31 18 58,1 1.93 12 0.00
Apr. 35 21 60.0 2,71 14 0,31
May 15 8 53.3  2.53 20 T
June 23 - 21 91.3 T7.79 31 : 0.36-
July 26 26 100.0 30.46 151 2.77

Aug. 8 7 87.5 T.00 24 1.12



% INFESTED OR RAINFALL IN INCHES (XIO)

100

80

60

40

20

% INFESTED

30

25

20

o

JUNE

JULY

AUG.

1955

SEPT.

OCT.

JUNE

JULY

AUG.

WORMS/RAT



11

To gelt some ldea of the-pdpulation structure of the wornms
throughout the year, a serles of worms from each month was
measured for total length. Only the femaleg were measured,
for two reasons. .There is a pfonounced sexual dimorphism for
length, with the females ag much as two or three times the
length of the maleg. Further, the males -appear to be’
eliminated from the woodrat earlier than the-females. In
this work, 1ength is used as a rough~estimate~of age; with
full knowledge of the fact that Burlingame-and-chan&ler»(1941)
have-shown-ﬁhat:total length 1s dependent on a number of ‘
factors, such as the amount of infestation and position in
the intestine. At present, size seems to be the besﬁ indication
of age avallable.

The worms were grouped into eight classesuaccor@ing to
length. The first class (class A) contains worms 1-40 mm.
in 1eng£h, the second 41-80 mm., and so forth to class H which
contains worms 281-320 mm. long. The percentage frequency
distributions for each month of the year are represented by
the hiétograms_in Fig. 2. In each case, -N represeﬁis the
totalﬂnumber of worms measured for that month. The number
ot ggggwfepresented for eaéh montﬁz aldng Wiﬁh the -other
mmericel data for Fig. 2, is glven in Table II. The
individual class~A and the combined classés F, G, and H in
Fig. 3 show-éfaphically_the percéntage distributions of the
classeg comprising the~smalles£ and 1argest-wbrms, resgpectively,

throughout the year.



Fig. 2.

5

Monthly distribution of length classes

of adult female Moni1iformis clarki in

the woodrat.
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Figc{_zo

The- distribution of the smallest
(class A) and the largest (combined
classes F, G, and H) adult-femalev

worms by monthly pefiodso
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Table 2.-=Monthly data in the population structure of M. clarki-as indicated by total length.

(2.0)

Jan., Feb.  Mar., Apr, May June July Aug. Sept. Octo Nov. Deco
No. rats  (10) (17) (1) (13) (&) () W) (5) (6 (7 W (8)
Noo worms (N) 38 3 26 k9 16 50 51 36 l9 30 b33
Range 72-222 2)=232 34233 15296 8-119 L-173 Le152  2.202 8146  8-201 17-152 38-178
(length) mm.
No, worms in
each length
class and %
of total in
parenthesis
1 1 10 7 22 24 8 11 5 N 1
0-L0 (2.5)  (3.8) (20.h) (L3.7) (Lk.0) (L7.0) (22.2) (22.Lh) (16.7) (20.0) (3.0)
1180 (10.5) (7.7) (3.8) (22.k) (37.5) (Iho0) (27.k) (38.9) (36.8) (607) (30.0)  (3.0)
1) 1 L 7 3 12 9 7 12 6 12 13
81-120 = (3668) (2.5) (15.7) (14:6) (18.7) (2L4.0) (17.6) (19.h) (24.5) (20.0) (30.0)  (38.k)
8 5 7 9 8 o 8 9 1 13
121-160  (21.0) (12.8) (26.9) (18.7) (16,0) (7.9) (11.1) (16.6) (30.0) (27.5) (38.k)
9 20 6 7 1 30 6 1 5
161200 (2306) (51.6) (23.0) (1L.6) (2.0) (8.3) (20.0) (2.5) (15.2)
3 9 77 ' 2 ' '
201=240 (7.9)  (23.0) (26.9) (1h.6) (6.7)
2
211-280 (L)
| 1
281~320

T
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It is evident from the frequéncies graphed that during the
first three months, worm$ of intermediate size make up most of
the ?opulationob In January,.the-smalleSt Qf the ﬁorms, class 4,
and the largegt-of the.worms,-classes-@»and H, are not r-epresénted°
However, in February and March a few'juvénile~worms aépearo» Also,
there ig a shift of the frequencies toward the longer individuals,
but still the last two classes are absent. It is not until April
that the last two classes becéme represented in tﬁe population.
Also in April, the first class (class A) has inereased to
slightly more than 20%. The increase in the extreme classes
tends to flatten out the distribution for April.

By May a decided changeiiﬁ thewpopulation has occur®d. The
entire population is~made up of individuals falling in the first
three classes only. The large wormé have dropped out completely
and the young worms have taken over. The heavy infestation with
young worms is increased slightly in June, falls off slightly in
dJuly and then continueé_falling throughout the rest of the year.
-Along with the decrease in fnéquency'of the young, there is a.
correspondihg increase in the frequencies of the intefmediéte
classes, but apparently no increése.in the last three classes.
Either the worms are being eliminated before they can reach the
larger size, or because of enﬁironmental reasons, such as
cdmpetition for food or space, growth is slowed at this time of
year. It is not until Januvary that class F begins to show up
consistently and in any amount. From January on,rgrowﬁh'in
length continues, until the population turnover in May, at which

time the old worms drop out te be replaced by the next generation.



16
It ié clear from the evidence presented that there is a
complete bopulation turnover each. year. The large adults from
the previous year drop oubt completely at the time -of the heavy
reinfestations in May and June. This fact and the fact that
the worms do not grow fo an extremely large slze ﬁntil after
the héavy reihfestation has ceased, indicate that the older
worms are belng pﬁshed out by the constant reinfestation by

juveniles. Burlingamé and Chandler (1941), working with the

clogely related form Moniliformis moniliformig, found that

_after infesting rate with the larvae of this form and then

superimpcsing_another‘infesbatién on the first, there wés a
loss of worms from the initial infestation, as Well as from
the second.

Since all known life histories of acanthéceophalans are
complicated by at least two hosts9 a vertebrate specles as g
difinitive host and an invertebrate or vertebrate as an
intermediate host, the occurence of the parasite at any time

or place is dependent upon the concomitant occurence of both

hosté, Therefore any intermediate host proposed for Moniliformis
clarki must fulfill certain qualifiéationsa For éxample, i£~is
apparent from the evidence preseﬁtedg that the intermediaté

host must pregent a continuous source of infestation throughout
most of the year. It must occur in falrly large nuibers and

be readily abcessible as food to keep the tremendous infestation
of the woodrat at such -2 high level throughout the year. As
indicated before, the intermediate host must be sensitive to

precipitation, or perhaps both hosts are affected by precipitation
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in some way. Since’the»percentage of juvenile worms drops off
practically to zero the last of the yéar and thg’first of the
next, the intermediate host must be correspondingly inaccessible
teo the rat at that time. The percentage infestation of the
Vintermediate»host also may be low at that time. However, since
the female worms are adult and gravid, the evidence would seem
to point to the intermediate host being-in a lessg accessible

form or stage in its development.
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Cricket Infes@ation

The usual sité~of infestation of adult acanthocephalans
in land mammals is in the lumen of the small intestine. Here
fertilization takes place and fully embryonated -eggs are—shed
by the worm which pass to the outside in the feces of the
hos’q° A suitable intermediate host, usually an érthPOpad,
feeding on the feces or material contaminated by the feces,
ingests the egge. The eggs hatch, releasing the aeanthof;
thé:newly_hatChed~lérva9 inﬁo the lumen of the midintestine,
After ten or more days, the acanthors ﬁork their w@y’through
the wall of the intestine. They drop into the cavity of the
haeinoco-ele9 encysﬁ in a hyaline sheath, and complete development
to the infective stage in from four to elght weeks (Burlingame
and Chandler, 1941; Dp Moore, 1946). The cycle is completed
when the deflnltlve host eats the infested 1ntermed1ate host.
It was w1th thesc thoughts foremost in mlnd t at an autempt was
made to discover the intermediate host or hosts that are
maintalning the heavy - infestatlon of the parasite in the
woodrat in the study area. | ’

From fleld observatlons and ev1dence bresepted by Justice
(1956), the woodrat appe rs to be-a rather sedentary enimal,
spending most of its time in the den or in its viginity°
Therefore, the search for the intermediate host-wés started
by examining the wvarious arthropods found in or around the
dens of woodrats. Of the various forms examined, only the

black field cricket was found infested with the larval stage
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of M. clarki. The larvae 1in the cricket were identified as

M. clarki on the basis of the morpholegical evidence'presented
in TabléJB, and the desgcription of the adult worm by Van
Cleave (1953). |

The possibility that the grubs of certain winged adult
arthropods may be serving as intermedlate hosts has not been
eliminated entirely. Only a limited number of arthropod grubs
have been examined at this time.

It soon . became apparent ﬁhat the cricket is the most
abundant and the most consistent inhabitant of the woodrat's
den. Vorhies and Taylor (1940) found 55% 6f the dens with .
"onefto.several"‘cricket37®h the Santa Rita Experimental
Renge. I have found erickets in 100% of the dens in the
study area. But two of the many dens examined 10 miles from
Black Mountain, south of Tucson were found lacking cfickets;

The abundance of the crickets depends upon theftiﬁé é@’
year the den is examined. The»gggiikcrickets first apﬁééfn
in the dens around the middle of June. In 1956, the first
aduits were collected on June 22, at whioh time approximaﬁély
three-fourths of the crickets collected were édultso By the
end of the first ﬁeek in July most éf'tﬁe-crickets had become
adults. The nymphs started to appear again~around the middle
of August. Eleven small nymphs.were collected from a den on
Augusﬁ ZL'?‘o Nymphsvfirst appeared in cricket cultures in the
laboratory on August 12, Byvthe time of the first appearaﬁee

of the nymphs, the adult population had dwindled to Jjust a
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Table 3%.-- Morphological measurements. of the adults
and larvae of Memilitormis clarki, in mm.,
compared with those-as reported for the
adults by Van Cleave  (1953).

. Proboscis Probosecis Hook'i No. No.
uSouree length - width' . . length. Rows Columns
~Adults from R '

WOOdl”at s .0 22"" o, 31 a 12“‘ c17 ° 019" 0021 12"14 6""8

Larvee from '
crickets A,g23=028 o1ll~.14 017=.021 12514 6-9

Adults from _
1iter‘atu1‘e 028°‘o42 . 011?015 0016"’0021 12"’16 6“‘8
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few individuals-here and there. In eight déns;examined after
the appearemcelof the nymphs, only five adults were collected.
The last adult was collected on September 8. One adult was
heard on October 17, the last record of adulte for the year.

It seems evident, therefore, that the crickets in the
study area represent a single pqpulation.that overwinters
primarily in the nymphal stages. Ball et al. (1942) repofted
that at lower elevations both nymphs andradults are found all
winter in considerable numbers. From obséfvations made during
this study, it would seem that overwintering adults are
limited to areas where irrigation is practiced, such as lawns
in town. Adults can be heard on any warm winter night around
TPucson and especlally on the campus of the University of
Arizona. '

Figure 4 shows both the percentage infestation of the
cricketé-andhthe nunber of'larvae per cricket. N is the
number of crickets examined in each month. There is one peak
voccﬁrring in the late summer which corresponds to the peak
in the worm imfestation-(Figo 2). This peakAoecufs juet before
the &ecline~of the adult. cricket population. The dropping off
of the infestation»in September is a result of the dying off
of the adult crickets. Only one adult cricket was collected
after August. It was infested with two larvae. The rest of
the crickets of September and October were nymphsvin the-early
instars. It should be noted that one nymph was dollected in
September and another iﬁ October that was infested with one

and two larvae respectively.
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The last column of Table 4 gives for eéch month the
maximum number of larvae found in any one cricket, With the
exception of May there is a sﬁeady increase from two in
February to 54 in August. The evidence clearly shows that
the heavy infestation in late summer 1s the result of two
different factors, that 'ils, an increase in the rate and a
corresponding increase in the lncidence of infestatlon in
the cricket, That is to say, the woodrat would not have
to eat any more crickets than usual to increase manylfold

'the number of worms harboredo



Fig. 4.

The rate and incidehce of infestation

of Moniliformie clarki in the Dblack

Tield cricket (data for 1955 and

1956 combined). N is the number of

crickets examined in any month.

23



12

L1 3XMJ1YI/73VANY

o \
w \
- \
n |
w I
w !
z I
>/
(-]
o~ /
I
_— -y
\
\
\
\
\
\
\
_..l
i
|
i
!
1
i
1
o
1 1 1 1 1
o
o o o Qo o
—_ [+ 9] w0 < o

Q31S33Nl %

MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT.

FEB.



Table 4.-=Monthly data of cricket infestation.

ol

(M) No . No . % larvae
Months - No. crickets infested Ilarvae Iinfested cricket Max.
. _ _ : =
2 22 3. 6 13.6 .27 2
3 22 3 8 13.6 .37 4
4 38 8 2h 21,1 .63 8
5 18 2 7 11. 239 6
6 31 10 39 32,3 1.26 10
7 19 8 47 42,1 2,47 18
8 7 6 84 87,7 12.0 54
9 2 3 22.2 <33 2
10 17 1 2 5.9 12, 2
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Artificial Infestaﬁions

The population of erickets within the city was sampled
from time to time throughout the year and was found to be
free of the larval M. clarki. TFrom 45 to 50 crickets
collected within thé city, primarily around food mafkets
in the evening and/on the University campus, were infested

as described under "Methods."

Of thesge only 12.survived to
be examined. The'héavy mortélity was apparently.causedJEy
injury sustained during capﬁure and by eannibaliémj Also,
there is the possibility that the infestation may,havé'been
a contributing factor.

Of the 12 artificia11y infested crickets examined, 10
had the larvae of M. clarkl encysted in thelr haemocoele.
The number of 1arvae»in ahy ohe»crickei raﬁged-from 1 to
141 (Tabie 5). -The -large discrepancy in the range can. be
expiained in part by the following facts. The éfickets-were
infested with egé3~stripped from the body cavity of worms
‘late in July and early August. A glance at the g?aphs-of
Figure~2 shows that at that time of year, there were very
few large Worms available from which to obtain fertilized
and fully embryonéted eggs. Attempts to hatch the eggs. by
the method of Manter (1928), as impfoved by,Moorer(l§42)y
proved disheartening in most cases. |

Three-methods-werenﬁsedfi@ attempting to pass the
infestation fronm tﬁe cricket to the Woodfato The first, by

oral pipette; was:.completely unsuccessful (Table 5, Rat No.'s
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Table 5,.,-- Upper: Data for the 9 rats artificially
infested (see text for discussion).
Lowers Cricket infestation data are
presented for beth the natural and
artificial infestations.

Rat No. No. larvae admin., No. worms recovered % recovery

1 8

2 9

3 9

4 ?

5 ?

6 8

T 18 4 22.2

8 15

9 16 ‘ 7 43,8
Source No . No . | No.” =~ % 1arvaé

of crickets crickets-infested 1arvae_linfested cricketh‘Maxo-

Town 12 10 203 83.3 16.9 - 141

Study area - 183 43 220 23.5 : 1.2 54
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1, 2, and 3). The second method (Rat No.'s 3 and 4), feeding
live crickets to the woodrats, yielded the best results of
the three. From the two rats fed crickets;'two and four worms
respectively were recovered. Rach of fhé two woodrats had
been fed three crickets. The third method (Ret No.'s 5, 6,
7, 8, and 9), injecting the larvae directly into the stomach
by means of a catheter and syringe, ylelded moderate results.
Four wormg were recovered after injecting 18 larvae into rat
No. 7, and 7 worms from 16 1arvae Were recévered from rat
No. 9. Rat No.'s 1 through.S were.woodrats born or ralised
from an'early age in captivity? while rat Née 9 was a hooded
rat which was also born and raised in the Laboratory. It
was assumed that these animalé were free of the infestation
and therefore no prelimenary examination of the feces was
made.
| _ Rat No.'s 4, 5, and 9 were animals infested with the
larvae of naturally infested crickets from the study area.
Rat No. 7T, howevef, waé-infested with 1afvae obtained fﬁom
a cricket artifioiallyAinfested with egéé from an adult worm.
The two female worms from rat No. 7 were adult and contained
fully emb-ryonatéd»eggs° These results show that the cricket

is physiologically capable of being an intermediate host.
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Discussion

The black field cricket appears to satisfy all the

requirements for the intermediate host of Honiliformis

clarki as it occurs in the woodrat in the vieinity of
Tucson. Cantrall (1943) ranks the cricket as a scavenger.
He reported crickets feeding upon various kinds of food-
including dead mice, dead inseects, othef crickets, and
various vegetal materials. Folsom and Woke (1939).observed
crickets eating both d%ied and green vegetal materials,
moths, cockroaches, dead tiger beetles, and dead or dying
crickets. They list the cricket as omnivorousg. I have
obgerved crickets eating various vegetal materials in the
laboratory such as lettuce, cabbage, carrots, and apples,

» aé well as‘each other. It seemg highly probable the woodrat
droppings or at‘least materials_contaminateé by woodrat
dropﬁings would comprisge a certalin percentage of the food

of the cricket living in a den. ‘

| Both Mc@regor-(1929) and Folsom and Woke (1939) reported
that overwinteriﬁg nymphs become active, feed, and molt on
warm days. The fact that the nymphs of the study area get
progressively larger toward spring would Indicate that there
is some activity during the winter. Also, on hot, dry nights
the erickets stay withih the confines of the den, but on
warm (but not hot) moist nights, they'afe found as mueh as

four feet away from the den.
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It would seem then that this chaﬁacteristic of the
ericket to become éotive on warm, moiét nights would
eXplain the relatively smail peak in the wofm population ,
fight after ﬁhe winter rains. If it is assumed that the
maein factor determining whether a woodfat will eat & cricket
or not is frequency of;ehoounter, then it would seem reason-~
able ihat if the éricket is out of the den actively feeding,
an gncéuhter would be~morevprobable'than if the cricket
was lost soﬁewhere-in the debris of the den. Thefefore,
the winter peék,in the infestaﬁion of the woodrat is not
the result of either an increase in the absolute number
for in‘the amdunt of infestation of the intermediate héstg F
but rather ta'theﬁincreésed frequencyvof encounter between
the woodrat and the ericket. R

It is also sigﬁificant that the late summer peak
,follows the summer rains. This is the-time of year that
the crickets are molting into adults and acﬁiveiybéngaged
in breedinga Again there is an inerease in thé—ffequency
of encéﬁhter'bétween the~woodrat,andmﬁhe Crickeﬁﬁfollowed
by thé’eXpected increase in the infesﬁatioﬁ of thé woodrat.
Recali, howéver9 that the peak 1n the amount of iﬁfestation

following the summer rains is more than five times the

¢

corresponding peak following the winter rains. It would
seem unlikely that this tremendous lincrease of infestation
- in the summer could be explained solely by the increased

activity of the cricket. The answer seems to be in the

Univ. of Arizona Library
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extensiveiincrease in the amount of infestation in the
criéketf Not only will the woodraﬁs encounter and eat
moré crickets, but more of the crickets will be infested
with a greater incidence of larvae than was the case in
crickets eatén during the previous winter. Therefore,
the.gummer peak is complicated by three factors aecting
simultaneously. That is, an lncrease in the activity of
the~criokets, an inereage in the percentage or the spreading
of the infesgstation within the cricket'population, and an
incfeasefih the amount of infestation in any one cricket.

The factors affecting the buildup of the infestétion
in the cricket are not as apparent. If 1t is assumed that
the infested nymphs 1ivé to become adults, then there would
be a»gradual increase in the amount of infestation in the
oriqkét population with time. This would explain the
gradual buildup, but not the blossoming-forth of the
infestation after the summer rains. —?erhaps the rains
cause contamination of the food used by the cricket. Then -
again, perhaps the woodrat droppings become more palatable
after a rain.

Barlier in this paper it was suggested that perhaps
the crickets are adversely affected by a heavy infestation
of the larval acanthocéphalans, It was concluded from aata
presented under "Results" that the decline in the amount of
infestation in the eridkét~was the result of the djing off
of the adult cricket popﬁlationo It séemS»significant that

no adult crickets were seen or heard after the middle -of
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Octqber'in the study area; yet, in town, adulis can be both
seen and>heard.on any warm night all winter.

The woodrat shows no outward gign of adverse effects
-that could be attributed 0 the parasite. This is very
surprising indeed considering the éxtent of inféstation
during most of the year. The problem of host-parasite
relations between these two forms 1s very interesting and

- needs further investigation.
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Summary

The black field cricket, Acheta agsimilisg, is the

intermediate host of Moniliformig clarki which parasitizes

the woodrat, Neotoma albigula, in the vicinity of Tueson,

Arizona. Evidence from\the literature on the habits of
the cricket suggests that it may be serving as the
intermediate host in other areas.

PhysiolOgical compatibility between the parasite and
the cricket wag_demonstrated by the recovery of mature
adult worme from laboratory reared woodrats infested with
 larvae from wild crickets.

Evidence ‘in the form of the—interreiationships-between
the population dynamics of the parasite—andvits hosts, 1s
presented to demonstrate that the cricket is actﬁally"the
intermediate host in the study area. The need for more
emphasis on the interrelationships between the parasite
and its:hogts is discussed.

Tﬁéfé'ére two.peaks in £he i@éidenée of:infestation
in the'ﬁoodrat; VOne, a relaﬁively higﬁ-péak, followélthe
summer‘réiné; and the oﬁhér, a relatively lower peak,
follows the winter rains. The winter peak is the-result
-0of a higher frequency of enc¢unter between the lightly
infested cricket and the woodrat following the winter rains.
The sunmmer peak 1s the:résult“of three factors: an increase
in the activity of the crickets following the -summer rains,

an increase in-the percentage infestation in the cricket
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population, and an increase-in the amount of infestation
per cericket.

The summer peak in the infestation of the cricket is,
in part, an accumulation ffom the early instars. VAlso,
perhaps there is an inérease~in the contamination offthé
food consgumed by the crickei, or, perhaps the woodrat
dfoppiﬁgs beconme more palatable after the rains.

The heavy infestatibns of the cricket appears to be
one of thevfaetors“involve& in assuring the complete
‘separation of the_gdult crickete from one generation to
another. | | |

The host-parasite relations between the woodrat and

the parasite need further study.
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