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bRicefield Re.t) in Centra.l Luzon
'lfhesis<:;directed- by Proi‘es_sor Olwen Hill’iems, o

''''''''

" Food habits of the Philippine ricefield rat (Rattus ratt

minda.nensis) were studied for 12 months, June. 1970, through Ma.y,
1971. This investigation was pa.rt of a rat damage control program
of the u, S. Agency for Interna.tiona.l Development and its contractor,
the U, S, Bureau of Sport Fisheries and Wildlife, The damage rice-
field ra,ts ca.use to rice, while somewhat poorly quantified, is
substa.ntia.l, with estimates of 10 to 23 percent of the standing crop.
Rat control methods now used in the Philippines are not effec-
tive. Integrated oontrol, involving cultural ma.nipula.tion of
vegeta.tion, is pfr:obe.bly the best approach to rat damage control,
However, it was first necessa.ry to determine the food preference
of R. r. mindanggsis. Pla.nt and animal reference material and rat
stomachs Were collected each month by personnel of the Rodent Research
Center, Gollege Laguna., Republic of the Philippines, a.nd shipped to
the Denver Wildlife Research Center for prepara.tion and exa.mination.
Twenty-five stomachs Were examined microscOpica.lly every month
_(except October when only 14 were a.vaila.ble) to determine the
quality a.nd quantity of the contents. Gontents of a.dditiona.l
stoma.chs were pooled ea.ch month a.nd chemically a.na.lyzed for nutri-

tiona.l components a.nd gross energy. ,

Although 34 food items were consumed by the. re.ts, only elev z

contrimted l percent or more to the tota.l yea.r-l_ & diet. (0f 4

eleven ma.terials, five were pu:esent in most months a.nd oontributed



.
f:the sreatut percent volune. Ozyga sativa. (rlce), meect matter;’
"_:smm BPey .Imne eayeﬂ.a and _chlenshl_esglgngm were' the
food items most commonly ea.ten. Non-diagnostic parts of plaxxte.
'-thue unidentified, comprised 42.5 percent of the total year-long -
volume, Rice eeed and unilentified plant pe.rts occurred in :mverSe
proportion, When rice seed was a.veilable, it compn:ieed e.bout )

75 percent of the diet. The only rice eeed ava.ile.ble i‘rom 1ate
Decenbea:‘ through Fetruary was tha.t portion left 1n the padd:l.ee after
harvest., D\n.':l.ng the dry season, Decenber,th:ough June, there :l.s
1ittle growth of plants and the rats took a hléher percentage of |
unidentifia.ble plant parts, Stomachs from Jﬁne a.nd Septembe:r: con- |
ta.ine.l large a.nounts of insect matter; high prote:Ln, fat a.nd gross
energy levels reflected this increased ingestion of animal tissue.
In the months of Novem'ber, December. Ja.nua.ry. and Felruary la.rge
amounts of rlce seed were found 1n the stomachss these stoma.chs also
had the highest 1“915 of nitrogen-free extract. Stomachs collected
in Fehrua.ry conta:lnecl the‘leaet pr:oteln. 4

It wa.e thought tha.t perhaps rat weights would reflect the qua.lity
‘of the feod the en:lna.ls were eati.ng. However, nean a.nimel weights
fluctuated thrcughout the year with the a.dults being heavieet 1n
spring a,nd fell. Even through the dry eea.eon, the ::a.ts were able to
mainta.in rela.tlvely consistent ueights. Numericel levels of the ra.t
population at thie time were unknown. however. Sex retioe of the
animals trapped :t‘a.vored. females, particularly 1n the dry eea.eon.
Juvenile a.nimale we:re most common 1n December a.nd least common :m

September e.nd October. ‘



That cultu::al control of ra.ts can be accomplished by clea.n
harvasting methods and. na.tural vegeta.tion control is speculative,

This abstract is appmoved as to form and content, I reccmmend
its publication. '

' Olwen Willia.ms
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"SEASONAL FOOD HABITS,(
RA’I'I‘URA’I'I‘ IS} 'IINDANENSIS (THE PHILIPPINE RI(.EFIELD RAT)"
IN CENTRAL LUZON,

INTRODUCTION

Rodents of the genus Rattus, notably the Norway rat, (.

norvegicus), the roof rat, (R. rattus), the Polynesian rat or kiore
(R _;g;ggg), and various subspecies thereof are found throughout

the Pacific Basin, and while the damage they cause to agriculture

is not well quéntified. the animals have been a source of concern
for many years. Clark (1958) reported that in the Philippines 1ittle
was knoun of the relation of rats to agriculture until an outtreak
occurred 1n Cotahato in 1953, followed by another on Mindanao in
1955.

Rafbdamage ocours in many agricultural situations. Up to 50%
damage by réts to copra on a New Hehrides plantation and rat damage
at a maxinun of 73% in the Gilbert and Ellice Islends has boen
reportéd. Average cdpra loss in South Tarawa was 23% and in French
Polynesia between'zs‘and 308, In one 1930 report on the Colony of
Fiji there vas a 6,9% loss, but in 1934 on the Fijlan Island of
TaVeuni the danage was 28%; the first calculation was considered
too low (Wilson, 1968) However, these estimates are, if anything,

{conservative since they do not “take into account depredation of
stages other than the "half-grown nut" stage. Stxecker (1962) noted
fthat coconuts from the size of oranges to the "drinking-nut" staze

ﬁare damaned by R.MWV&'

{andlthe outer husk poses no obstacle: to "



}struction of coconut crops is rarely seen, uo to 50% damage may be -
tthe upper limit which is imposed on- the rat populations by the

environment.

A variety of other crops are eaten by the various species of

“Rattus. Rat damage as high as 70%'has been reported for cocoa, a

| crop gaining importance in the Pacific. One Samoan planter considers
that he loses about 256 of his total annual yield (Hilson, 1968).
Hood (1967) satd that in Hawaii rat 1osses are estimated. at s
million dollars annually (plus $387,000 for rodent control programs,
Teshima, 1968). and that in addition there is damage to nut, vegetable,
and fruit crops. Throughout the Pacific Basin cash crops affected

by rats include peanuts, pineapples, curcurbits, macadamia nuts,

and corn, while subsistence crops such as taros, yams, sweet potatoes
Land maniOc (cassova) are also eaten by rats (Hilson, 1968) Eight
hundred thousand hectares of rice in Indonesia sustain an ayerage
iamage of 40%. Further, in Java, 14,000 heotares of sugarcane
suffered 30 to 100% rat damage (boekarna, 1968) Finally, it should
be pointed out that rat damage to cocoa, as well as other crops,
notabdy sugarcane, may be indirect as well as direct since a rat-
caused injury is an open invitation to plant disease (Nilson, 1968)

. :: Thus, ue have a telef summary of man 8 conflict with R, rattus
,in the_Pacific Basin Islands, but the problem precipitating this
;present study ooncerns the Philippine Islands. Alfonso (1968) stated
»that'rice is the most important agricultural crop in the Philippines

and that the 7$ illion acres devoted to rice oulture produce 49


http:roduce.49

 million:dollaTs Worth, of rice annually ;}Q_,The ricefield rat is

\considered its maaor pest, for it attacks gcrminating seeds, growing
'iseedlings, panicle-bearing plants and stored grains. LaVoie et gl.

!-5 2

( 970) stated that although destruction during early’ vegetative

periodsiwas light, there was a marked inorease in rat damage in the
reproductive growth period--up to 2% of the tillers (the fruit-
.hearing stems of the rice plant) sampled, LaVole's data Were not
available when Alfonso (1968) stated that a loss of 10% exceeded the
value of rioe imported annually by the Philippines to cover its rice
shortage. It 1s then possible, although not proven, that the actual
loss in reality may be closer to 20%,

' Recognizing that an immenee problem exists in the Philippine
man-rat conflict, the Denver Wildiife Research Center of the U, S.
Bureau of Sport Fisheries and Wildlife was contracted by the U, S,
Agency for International Development to study the Philippine rice-

fleld rat (ﬂattﬁg'gattgg-mindanensis) problem and develop methods
to ourhvthe economioflosses. One facet of this program is the study
herein reported. It had two objectives:

1. To determine the seasonal (12 month) food habits of the
ricefield rat in a cultivated, nonirrigated area in central Luzon,
1n terms of plant species and other material,
| 2, To determine the proxinate analysis (ash, mrotein, fat,
orude fiber, nitrogen-ﬁree extract, and carbohydrate) of stomach
contents and their gross energy value for each of 12 months.

The information gained from this study will be reluted 4c

R, 2. mindanensis populations management.




‘BIOLOGY OF RATTUS RATTUS IN THE-PACIFI

; Variability of Rattus zattus in the Psolfic 1s illustrated by

the number of named subspecies; it is estimated that there are 125.
Aithough originally described by Mearns as a distinct species, the
ricefield rat 1s now designated _a._‘t_t_gg zattus mindanengis (Barbehenn,
119691 Johnson, 1962; Sanborn, 1952) It is a medium-sized rat;
adults welgh about 180 g (Ba.rbehenn, 1969) The tail in B, zo |
mindanensis is somewhat longer than the head and body combined and
it is uniformly black or dark-brown throughout; scalation is variable.
The hind foot averages 38 mm in length, but the Tange of 34 to 42 mm
overlaps that of many other species of rats, Flantar pods are well
developed, Ears, measured from the notch, average 21 mm (range 19
to 23 mm). Pelage color is quite variable, light gray to somewhat
melanistic (Ba.rbehenn. 1969) On Ponape, and perhaps other islands,
other subspecias also show varying degrees of melanism. This»
melanism occurs in three grades: 1) bdack above and alate below,

2) black aboVe and normal below. and 3) normal above and slate below
(Marshall, 1962) The ricefield rat typically has two pairs of
pectoral and three pairs of inguinal mammae, with the anterior pair
actually being abdominal and more distinct from the niddle pair than
the posterior pair (Barbehenn, 1969) To the non-taxonomist the
various subspecies are Very similar and where ranges overlap it is

exmremely difficult to separate them.

Distribution
‘Rattus rattus ocours almost worldwide, although it is not found




5
_ far inland in the ,north'e:r_."r; J,-af"',ti_.;t‘.‘d‘?.s,' It has been reported as far
north-as Urbana, Illinois in the United States (Burt and Grossenheider,
1964). On the other hand, R. exulans (the Polynesian rat) occurs
only in the Pacific Basin (Southwick, 1966). Johnson (1962) stated
that all rodents of Micronesia seemed to have arrived in the company
of man, Tomich (1969) added that although both R. rattus and R.
exulans occur in the Philippines (ana many other islands as well¥),
R. exulans has not ventured far into the Asian continent. Barbehenn
(1969) considered R, r. mindanensis to be an endemic subspecies in
the Philippines since it is presumed to occur on virtually every
island. The animals are found from the seacoast to over 6,000 feet
in Lugzon and Mindanao, although they are less common at the higher
altitudes,

Reproduction and Ontogeny

Considerable variatj.on occurs in the birth and development of
Rattus within the Pacific btasin and elsewhere. Speaking of both
R, rattus and R, exulans Jackson and Barbehenn (1962) stated that
the young are naked and helpless at birth and that their eyes open
in about two weeks. They soon accept solid foods and may be force-
weaned at three weeks, Southwick (1966) said that the gestation
period is from 21 to 23 days and the average litter size is five
to elght, He further stated that time to maturity for R. rattus is
40 days and for R, exulans, 45 days., In contrast, Jackson and
Barbehenn (1962) said that both R, rattus and R, exulans, ja._lthougk} .
testes descended in about seven weeks, required ten weeks to

reach:sexual maturity. To further confuse the 13!3“_?‘:_;-11!,,Ind;?nﬁ,ﬁiq;..; ;

*author's note



;Soekarna (1968) said thet-R. e pggz;gggggxn_ matures 1n five weeks

k“”He further stated that ‘the gest&tion period 48 four:
'week ,and‘the average litter contains 11 young.:

Number of young produced per female per year varies consider=
<ab1y 1n R rattus. " For example on Ponape ‘the figure 18 12.2. in- -
Malaya 16 0, Honolulu 40, 3, and on ships-in' London- harbor 5642
.(Southwick; 1966).  Infant mortallty’ in‘Rattus ‘is highj the average.

length of 1ife from birth‘for‘g.‘gggggg i1s six weeks, . However,
older”individuels have'grea;er”life'expeCtancy. Average life after
weaning is about six monthst(Davis, 1969). Work done by Jackson
(1962a) agreed with Southwick's (1966) statement that production is
low on Ponape, Jackson sald that the reproductive rates of both

R, rattus and R, exulans on Ponape were strikingly different from
most populations studied elsewhere, Both prevalence of pregnancy
and average litter size were as much as 50% less. Only f;gnres on
intra-uterine loss of eehryoe corresponded to those percentages
reported for similar leeses among pepulatioﬁs of other :egions.
On‘?onape, hreeding‘continued through the yeaxr 1nAboth epeciee, but
in R, rattus there seemed to be a correlation of treeding peaks with
the drier season, Also, there nerenmere male rats present than
females, Depending on the habitat, up to 60% of the population
consisted of males, although usually the mele-feme;e ratio was

1ittle more than 50%,

Home Range and Travel'
In Hawaii R. rattus is eomﬁdn“1ﬁ”gﬁ16ﬁé§”andﬁgfaggigndg.:uIt

rarely noves from its hbme7afee7h1¥$6§§$3éﬁﬁoveQEKﬁgef’656?fee£¥we3'
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On§STIGCQrdéu:\10mlcn, Lyou), Tqm;cn%usedﬁtheaadjgsﬁédgiéggéiiépgth;
to define’R,"rhttis novenents,: The-adjusted range Lehgth: s defined
agi~ iR “ét.‘cé,iéht%iﬁéé‘ distance between the most widely separated. .-
sites®of capture of an individual: rodent, with the correction factor
of half the distance to the nedrest trap added to each end", In
Hawali the adjusted range length for male R. rattus was 62 m (range

13 to 144 m) and for females 54 m (range 13 to 145 m),
k. rattus leaves little evidence of its rresence in the field,

Droppings are hard to find and they disentegrate rapidly, Runways
are rarely found; direct observation shows wandering, exploratory
novements. The home range extends up to 0.5 ha, with the standard
diameter for males, 66 m, and for females, 52 m. Fourteen out of

28 males moved farther than 79 m (Strecker and Jackson, 1962),
Although R. r. mindanensis may travel as far as 100 m from their
‘nests, most movements are estimated to be 20 to 40 m (Alfonso et al.,

1967).

On Ponape R, rattus is most common in grassland and least

common in ferns, lowland woods and rainforest, There, as probably
elsewhere, R, rattus is more adaptable than R, exulans, especlally
to human-~disturbed conditions. R, rattus is also found in human
villages (Jackson and Strecker, 1962). Rattus exulans can reach a
density of 40 to 50 per hectare on:Ponape, while on Guam there may
be only 10 to 23 per hectare (Jackson, 1966). Rattus is an efficient
digger, but the burrow may not be extensive, One burrow excavated
by St;equr and Jackson (1962) was only 36 inches long., In the
Ph;lipéines, the éve:age number of R, r. mindanensis burrows per
100 n of paddy dike vas 0.5, and 2.8 per 100 m of water tra.r‘x,évport‘
dike (Rodent Research Center, 1970).



Rodent populations ma.y be na.tm:ally restricted 1n numbers by .
:competition within or among species for the envi:ronmenta.l necessities,
klthatfare in linited supply. Although Davis (1969) stated that rat
"populations a:ce 1im1ted by socia,l behavior ra.ther than food deﬁ.cit, .
Southu:lck ,(1966) :did not: entirely -a.gree. He eaid that most field:
studies invdica.tedv that other factors such as food supply, predation,
or direct behavioral stirife (a.greesion;» aberrant psrental ,beha,vier,
cannibalism) come into operation before the more classical sympioms
of the general adaptive syndrome (reduced fertility and increased
mortality) are evident.

Barbehenn and Strecker (1982) found little indication of strife
between R. rxattus-and R. exulans. Where habitat is diversified the
roof rat.may make more use ¥ iis climbing proclivities whereas the
Polynesian rat .forages at ground level. Where the habitat is uniform
grassland, R, exulans may avold competing with the larger roof rat by
being more active in the daytime, In contrast,. Jackson (1966, p. 10)
in a later report belleved that interspecific competition in island
populations may be very intense: "Tpis characteristic has profound
effects on the population dynamics of the species, Our data on rats
suggest very,,sug;p;e, popq;et;pne with low reproductive rates, long
1ife span, and high sui:vive.lgi-ell-_gin.-,_dizgegt ‘contrast to rat popula-

tions elsewhere in :the world."
Foods and Feeding
Rats are ueua.lly considered genera.lists in thelr food ha.bits,

being a.ble to utilize a wide variety of food. Their feeding patterns
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va.fr.‘y. Alfonso et al. (1967) said Philippine ricefield rats usually
feed 'atmnight. Barnett (1969) added. that some members of Ra.ttus
tend to, ha.Ve a. four-hour rhythn of a.ctivity. ‘The animals particula.rly
like rice plants, rice grains, -and green corn, Shelled corn, cassova,
and fruit serve as secondary foods, They are great gnawers and
nibblers and. seldom.ea.t théir food at one sitting, Ricefleld rats
converge. in areas where the bést food is avallable and where shelter
is adequate, The xat is omnivorous, feeding on insects and snails
as Wwell as vegetation (Alfonso et al., 1967), Half the diet of rats
in some areas may be insects (Barnett, 1969), Further, food is often
carried away and eaten under cover, Piles of snall shells are found
in Philippine riceflelds (LaVoie, personal communication),

Rat food varies also because of availability., On Ponape,
Strecker and Jackson (1962) reported rats feeding on bananas, sugar-
cane, tapioca, tomatoes, beans, pineapple, papayas, soursap, durien
(Panglun edule), cacao, and coconut, In grasslands the passion
flower (Passiflora foetifia.), a shrub (Melastoma marianaum), and seeds

of Bermuda grass (Cynodon dattylon) were eaten, In the rain-forests,
fruits of Parinarium laberrimum, Elaeocarpus carolinensis, and
Campnosperna brevipetiolata were utilized, A large land snail
(Achatina fulica) may serve as a food item, but was not preferred,
and a slug (Sarasinuda p' lebeja) was eaten, However, the slug can

be injurious as it may serve as a source of lungworms (Ang‘_ﬂ,ggg‘ .an
£ylus cantonensis), Plant material q.qmposed 94%% of the volume of |

the stomachs examined by Strecker and Jackson (1962). Water seems
not to be.a limiting factor. because of the sucoulent veatatinn .

avallable,



Not a grea.t deal ie known about ths diseases afflicting Ra.ttus

in, tne Pa.cific Basin except where huma.n hea.lth“is :!.nvolved. ‘ However,

Lgptgspirg_ g_l_x_g_t_gg.lgg a.nd L. cteroha.emorrh_agia.e are’ suspected to
ocour (Jackson, 1962b).

‘In“Java, Indoneeis., Ka.rdarsan (1968) rsported tha.'b the 1nfect1ve
, agent of rat-anemie., a.rtone;;a muris, has been found in the blood

of R norvegicus ‘and R. T, brevicaudetus. Also’ spontaneous pol;,'- -
'arthritis was observed in R. norvegicus but ‘the: bs,cterium was not’
‘defi_n’itely ldentified. However, a similar disease in laboratory
rats was determined to be caused by a symbiotic relafionshlp' between:
Streptobacillus moniliformis and a very small pleuropneumonia~like’
ofge.nism. Plague , cau's:ed by Pasteurella pestis, and typhus; cé.ﬁsed. 'v
by 'Riekettsia typhy and R. tsutsugamushi, were isolated from ecto-'
parasites on Rattus and are of public health concern, '

Parasites are perhaps easier to study since apparently healthy:
animals may be found which are severely infested; - In ‘contrast, rats
dying from btacterial or'viiel disease are'vavely found. Ford~
Robertson and Bull (1966) in & study on Little Barrier and Hen
Islands near New Zealand listed a trypanosome, Trypanosoma lewisij
a cestode, Hymenolepis diminuta; a mite, Mesopsylla australiensiss
a louse, Hoplopleura pacificaj; feur flea.s,; Xenopsylla vgxsb;lia.
Pyziopsylla hoplia, Parapsyllus' ;gl_gi_cgr_g;g, ‘and Nosopsyllus
fasciatus) and a nemotode, Ma.s’tem& orﬁg'."'x_nm.g,'as/"occurr;hg in or on
the kiore (R. exulang).

To this list Jackson (1962b) ‘added, - for the _a.Lt__ on Ponape

and nea.rby 1slands, the ectopa.ra.sites Hoplopleura. enom ( a.



,louse) a.nd gl p ch m a.nd L. nuﬂg, i (mites) He"a.lvs‘e'
e reports three endopa.rasites. Capularia he 'bi ca, a round worm'
Ta,enia. taeniaeformes, & 1iver ta.peworm; and M ggngxlus 1ogs
:a lung nemotode. Ka.da:csa.n s (1968) pa.per on parasites and disease
rof wild rate in Java. expa.nded the list of paia.sites, and increa.eed
the list of ra.t hosts. Kadarsan spoke of R. norv ggigus, R.z.
g_ia.r__d; R. r. hrevica.uda.tus, R, whitehea.di, R. lepturus and "yild
I‘he effects of these parasites on populations of Rattus in
the Pa.cific is unknown, but Ford~-Robertson and Bull (1966) did not
consider the hiax incidence of Trypanosoma lewlsi in the R. exulans
on Little Ba.rrier Island to be’ important in controlling rat popula.-
tions. Other persons, ‘however, (Barbehenn, personal communication)
considered that l_iggiostronglus spp. may be e limithngj chtor in
Rattus populations,



- METHODS: AND MATERIALS

BERT e

| The rat collecting area was. choeen bw the U. S. Agency fbr
International Development/bureau of Sport Fieheries and Hildlifel
Rodent Research Center personnel et College Laguna Republic of thei
Fhilippines, Because the food habits study uas part of & 1arger )
investigation of population dynamics, only a limited number of the
rats collected were used in this determination of the food habits.
We chose a non-irrigated area ae more representetiVe of the overall
'rice culture in the Philippines. A eite near Barrio Bentigan in
the province of Nueva Ecija, Luzon, was eelected (Plate l) The
area from which the animals and plante were taken was az2x 3 km

mdeMdiMoﬂx@Mmuoflmzum.

Collection of Reference Materisl
A Filipino botanist (Danilio Sanchez) collected the plant and

animal reference material, One hundred and four plants were
collected, dried and pressed, and sent to Denver, The first collec~
tion, arriving in March, 1971, consisted of two specimens.of the 55
most common speciess. these wefe identified, The second shipment of
rarer plants arrived in'November?offléfl'and‘about;uq%_of the plants
still Lemain unidentified, Fortunately, none of the unidentified
pPlants appeared in the rat stomachs, ‘l | |

The limited number of animal species in the reference collection
consisted of insects, snakee, frogs, crabs, sncils, and mammals,
Some of the higher animals Were identified to species, but moet of
.the ineecte were identified only to order. Specific identification
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Plate 1. Rice paddies early in the rainy season (June or July) near Barrio 3entigan, Luzon.
Fhotograph by Rodent Research Center personnel.
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»_'wa.s unimporta.nt as:no attempt wa.s made: to: identifyi ‘this. materia.l

beyond "insect animal' tissue

: either a.lcohol or forma.lin until reference slides coulda.be';prepa.red.

GOllecticn of Rats

Rice planting in Bentiga.n a.nd thus a.va.ila.bility of rice to

the rats 1s dependent upon the onse» of’A rains. In 1970 tra.ns-

pla.ntings were mads in July and. Augusfend harvested in la.te
November and December. 'I.‘he dry eeason usually begins in December
and lasts through May (Rodent Reseaxch Center, 1970 a.nnua.l report)
The rat stoma.chs used in this study were collected irom June. 1970,
through Ma.y, 1971..

'Ifhe rats ,were _collected within the 6 kn® paddy system. Each
of the six 1 kn? quadrats was randonly assigned a number, which
thereafter designat:ed' the ‘seQuence of trapping. After all quadrats
had been trapped, the sequence was repeated, Two hundred snap-traps,
baited with ro‘a,sted coconut, were set in each area in four lines of
50 each, - The (spac‘e‘ :between the traps was 10 m, Since the traps
were set along dikes, the distance between lines varied, but
generally was about 100 m, The tra.pping"was usually done in the
middle of each month and the 1ines Were checked for three nights or
until sufficient specimens Were: trapped. 'hfenty-five animals were
considered sufficient, but usually 4o to 50 ra.t stoma.chs were sent
to the Denver Wildlife Research Center ea.oh month. In October,
1970, however, beca.use of trap theft a.nd proba.bly poisoning. only

14 anima.ls we.ee caught in two separate attempts. This wa.s the

only month :‘Ln which feuer tha.n 25 stomachs were ana.lyz for«food

‘ha.bits, e.nd no stoma.chs were ava,ila.’ble for the proximate ana.lysis.
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Rat stomachs were removed as soon as rractical after the animals
Were collected, and placed in small vials containing 7% ethanol or
methanol and 25% glycerol, Hach bottle was labeled with a reference
number and a tag with the same number was placed in the bottle,
Data collected were 1) sex, 2) age, and 3) weight of each animal,

along with any pertinent observations.

Preparation of Reference Slides

Most literature on the techniques of food habits refers to the
work of Baumgartner and Martin (1939) and Dusi (1949 and 1952) with
the varlous modifications such as those of Williams (1959a and 1962),
Keith ot al. (1959), Ward (1960), Ward and Keith (1962), Hayden
(1966), Myers and Vaughan (1964), and Vaughan (1967). In addition,
the good compilation of methods used in food habits research by
Korschgen (1969) was utilized, A later reference (Hansson, 1970)
Was not obtained in time to be of much value in this study, For
the most part, the methods given by Dusi (1949) and Williams (1959a)
were used in this study.

The plants were pressed and stored for several months prior
to examination, Subsequently they were segregated as to leaf,
stem, root, and flower, cut into small fragments, soaked for about
two weeks in a solution of equal parts of water, glycerol, and 95%
ethanol; they were then ground in a high-speed blender. The ground
plant materiai was first placed on a funnel covered with fine
bolting silk or similar fabric and thoroughly washed with tap water,
The materlal was then treated with an iron alum mordant, stained
With 1% hematoxylin, and rinsed in tap water to remove the excess
stain, F&nﬁlly, a small amount of the stained material was mounted
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‘on 2:8lide in a non-resinous mounting medium (Williams, 19593) under
a 22 x 40 mm cover. glass.y The slide was labeled appropriately.

»ﬁ;kpmepsuggestiom of,Keith LaVoie tno additignelssteps of
preperatiom‘we;e used for the stomach-content slides and the second
shipment gf_plants. Between the first washing with tap Hater and the
application of the moidant, the finely divided material was treated
with 1% sodium hypochlorite for about one minute, washed, neutralized
with 2% acetic acid, and washed again, These steps helped claxrify
the tissue, and the epidermal patterns by which materials were
recognized were generally easier to see. Animal tissue was prepared
in the same manner,

For each plant species sent in March, 1971, separate slides
were prepared for the leaf, stem, root, and flower. However, the
stem and root portions proved so non-diagnostic that they were
omitted when the second collection of plant specimens was prepared, .
Photomicrographs in black and white were taken of each species.
Photomicrograph prints were put in sheets of cleax plastic and

stored for easy reference in large loose~leaf notebooks.

Pre on of S ch Sample Slides

The whole stomachs were stored in the preservative until the
reference slides made from the first shipment of plants were completed
and photographed. Finally, the stomach contents were carefully
removed, with an effort to exclude the mucosa and ihe macroparasites,
Only nematodes (unidentified) were found.v The stomach conpents Wexe
then weighed while still wet and their volumes determined by water
iisplacement (Fichter et al., 1955). These data had 1ittle value,

however, as they merely indicated how much the animal had eaten prior
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to being trapped. The contents were then transferred to a filter
funnel and the slides prepared in the same manner as the second
shipment of plants, i.e,, including the clarifying 'stép. Two slides

were made of each stomach,

Proparation of Stomach Contents for Proximate Analyeis

Thq stomach contents not used for the food habits determination
Were pooled by month and stored in jars until analyzed, About 10 g
dry welght were needed for these analyses.,

Identification of Stomach Contents

Two slides of each stomach (25 per month) were examined using
a Leltz Ortholux Microscope, and plant and animal fragments indenti-
fled, Vegetative material in the slide was compared with the
photomicrographs and verified with the original reference slide,
until such level of skill was acquired that verification was not
always necessary, Flants were identified to species when possible,
Several instances occurred when species within a genus were so
similar that genus alone was recorded. Epidermal patterns, stomata
and trichomes were used to identify the plants, I tried to use at
least two of these features in each identification. Flates 2, 3,
4, 5, and 6 are photomicrographs of reference materials and corre-
sponding food items found in the stomachs, and they illustrate the
diagnostic features, Animal matter was tentatively identified as
animal tissue or insect, It later developed that only insect
remains could be conclusively identified, Sometimes it was necessary
to use chemical tests (cellulose, lignin, and chitin analyses) to
deternine whether the subject material was plant or animal.
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Plate 2. Fhotomlcrographs of Ipomoea aquatica. Upper plate was
taken from a microscope slide in the reference collection,
The lower plate is the plant as it appeared in the

stomach contents of a Rattus rattus mindapensis. (X100)



Plate 3,

Photomicrographs of rice seed (Oryze sativa). Upper
plate was taken from a mlcroscope slide in the reference
collection. The lower plate 1is rice seed as it appeared
in the stomach contents of a Rattus rattus mindanensis.
(X100)
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Plate 4.
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Pnotomicrographs of Echinochloa colonum, Uppex plate was
ta.ken from a microscope slide in the reference collection.

The 1ower plate is the same plant as it appeared in the

" stomach contents of a Rattus rattus mindanensis, (X100)
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FPlate 5, Photomicrographs of insect parts found in the stomach contents
of Rattus rattus mindanensis. Upper plate is the integument
of a larval insect, Lower plate shows unidentified insect
eggs. (X100)




Plate 6, Non-diagnostic parts of plants found in stomach contents
of Rattus rattus mindanensis. (X100)

22
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3ince it was necessary to quantify the food items appearing

in the stomachs, ten spots (field of the microscope) were examined
per stomach (five spots on each slide--one in each quadrant and in
the center) at low (about 100X) magnification (Keith et al., 1959;
and Ueckert, 1968). No attempt was made to select any particular
spot on the slide, The only criterion for selection was that there
be food iltems within the field of view.

The percent of the field occupled by each food item (used
interchangeably with percent volume in this study) was recorded,
together with frequency of occurrence. The percent of the field
Was an actual count of the number of squares in a 10 x 10 (area =
1 mn® at 100X) grid that a parficular food item occupled, The
percent volume of the stomach contents indicated which food mate-
rlals were preferred and were the major energy source for the rats.,
The frequency of occurrence, on the other hand, indicated how many
times a specific food material was sampled and, alone, does not
suggest food preference. However, when frequency of occurrence
and percent volume are examined together, rreference and need for
a food item may be inferred; in addition, the avallability of the
materlal may be suggested.

Bait material (coconut) was recorded, but eliminated before
data analysis since coconut palms are very rare in the collection
area, and the possibility of the rats obtaining wild coconut was
almost nil, After completion of the 12-month identification, spot
samples were taken of several slides each month and specles presence
verified. Special emphasis was placed on the June collection, since

this was the first analysis and thus a learning period.
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The quality (species 1dent1ty) a.nd qua.ntity of the stomach ,
contents give only pa.rt of the die'betic story of the ra.t. Tha
nutritional compos_ition may indicate whether an anlmal utilizes a
diet highvin }prétein or car'bobyd:éi_e, or whether some other ‘gziqmi;o-.
nent 1; important, Therqfore, a proximate analysis, performed by
The Industrial Laboratories Compeyn& of Denver, Colorado, w_as>
utilized to determine the percent welght o.f ash, pmotqin, fa.t,
crude fiber, nitrogen-free extract, and total ca.rbohydra.te. In
addition, the company determined the g:r:oss eﬁergy of the sioma.ch
contents. All analyses were performed using £he Association of
Official Agricultural Chemists methods (Horwite, 1965).

Since glycerol wé.s ; component of the preserving solution, the
amount of glycerol in each sample was quantified and subtracted from
the nitrogen-free extract component and the gross energy of each
sample, The resence of glycerol made analysls difficult and caused
some imprecision, thereby contributing to wide va.ﬂ,a.tion in the gross

energy determinations,

Statistical Analyses of Da

The following data were compared among monthss 1) frequency of
ocourrence of food items, 2) percent volume, 3) proximate ‘analysis
values and gross energy, 4) sex and age ratlos and weights of ‘all
animals used in the ‘study.

Numbers of males and females were compared using Chi-square
(Snedecor, 1956)% ‘Adult-juveniie pércentages; being incomplete and -
eéméwhat subjective; were Hot analyzed ‘statistically,’ The remaining
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data were analyzed by analysis of variance (Snedecor, 1956). Where

the analysis of variance showed significant differences to exist,

the means were separated by Duncan's New Multiple Range Test (Steel
and Torrie, 1960),



‘RESULTS -AND ~DISCUSSTON:.

'Ra.t Food Items

Of the 104 plants collected in the study area and prepared as
references, only 33 were identified in the rat stomachs (Table 1)
of these, when unidentified matter (almost totally plant, this
material was essentially all non-diagnostic parenchyma.'colienchyma‘
and sclerenchyma,) Was not included, only ten species contributed
1% or more to the year-long diet., When insect matter was included -
with the ten specles of plants, these 11 items cemposed'almost 9&5
of the identified materiel. Hewever, when unidentified or non-
diagnostic plant parts are included, the 11 items contributed only
55% of the total. Non-diagnostic plant parts constituted 42,5% of
the volunme,

Since not all 11 food items appeared in all 12 months (June,
1970 through May, 1971), Table 2 illustrates the percent volume of
the five occurring thteughout most of the year, Oryza sativa, insec
Digitaria sp., Ipomoea aguatica, and Echinochloa colonum, Note in

Table 1 that these plants, except for Q;xgg sativa (rice) were
present in the Bentigan area all year and are abundant, Figure 1
illustrates the utilization h& iats of.these»five food items and
the unidentified or non-diagnostic material, calculated on 1oq%
stomach volume. Hith the addition of the. unidentified msterial,
the pereentege ofvthe,five food item lepped propo:tionetely.
‘These features of the.filgure appear noteworthyx ;l) insect use is
thhest in June and September (protein and fat are also highest
then--Table 11 and 12); 2) rice use appears inversely proportional;i
to unidentified matter; and 3) the other three plant species de noth



,Ta}‘ble 1. Flants utilized by Rattus rattus mindanensis in the Bentigan area of Central Luzon,
Family | Species Oizm%e Abundance D:l.stri‘bution
;-:Conyqlvulaéeaé *Ipomoea aquatica Forsk. all year very abundant pure sta.nds
' to mats
Malvaceae *Malacra capitata L, all year common singly or
small patches
" M. fasciata Gurtz. all year common singly -

B Sida rhombifolia (L.) Borss. all year common singly.
Palmaceae **Cocos nucifera L, all year rare singly -
Tiliaceae Corchorus capsularis L., all year common singly -
Gramineae *Echinochloa colonum (L.) Link, all year abundant large éoloxiies _

" *Brachiaria mutlca Forsk. all year very abundant large colonies
or pure stands

" B. distachya (L.) Stapf, all year Trare small pctches

" *Paspalidium flavidum (Retz.) A, Camus all year rare small patches

" *Panicum repens L, wet season very abundant pure stands.

" *Oryza sativa L, wet season very abundant pure stands
or mats

" *Digitaria sp. all year common small patches
to pure stands

" Paspalum longifolium Rxb, dry season common small patches

3



Table 1. Continued

Gramineae

"

Pontederiaceas

Cappéi‘i&é.ceae

P. punctatum (Burm.) A. Chase
Pennisetum polystachyon (L.) Schult.
Ischaemun rugosum (Cav,.) Merr.
Cynodon dactylon (L.) Pers.
Alternanthera sessilis (L.) R. Br.
Crotalaria guinquifolia L,
Alysicarpus vaginalis (L.) DC.
Desmodium capitatum (Burm.) DC.
Hedyotis corymbosa (L.) Lam.
Melochia conchorifolia L.

Commelina diffusa Burnm,

C. benghalensis L.,

‘Aneilema malabaricum (L.) Merr.

*Monochoria vaginalis (Burm.) Presl,

Cleome ciliata Schmn, and Thomm.

wet season
wet season
wet season
all year
all year

?
all year
all year

?
all year
all year
all year
wet ceason
all year

in water
all year

rare .
coRrmon
abundant
Trare
common
rare
abundant
common
common
Trare
common
comaion
rare
common

very rare

small pa.tches
small patches to:
large colonies
small patches

small pa,fches

and pure stands -
small patches )

singly

small patches.:
to pure mats
small patches
small patches
singly

small: pa.tches
sna.l.:. pa.tches

amallv patches

small patches to

large colonies
singly

-14



Table 1, Continued

eae Ludwigia perennis L. all year common singly
(Oenotheraceae)
Verbenaceae *Lippia nodifolia (L.) Rich. all year common rmall patches
to pure mats
Compositae Blumea sp. dry season common to small patches to
very abundant large colonies
" Eclipta gippeliana 8. all year common small patches
Solanaceae Physalis angulata L. ? very rare singly
* Contributing 1% or more to the year-long diet of R. r. mindanensis.

¥sed as trap bait. Discarded from calculations.
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Table 2, Percent volume of the five most utilized food items
found in Rattus rattus mindanensis stomachs each month,
Calculated as percent of the identified material,

Percent Volume

Honths=-~-June, 1970,
through May, 1971 SE¥Z& 1. .., Digltaria Ipomcea Echinochloas

sativa 8D, aguatica  colonum
June 0 29,2 0.1 17.9 25,1
July 10,7 40,3 0 10,2 10,6
August 4,0 12.9 23.4 15.3 2,6
September 0.9 69.6 5.4 0,1 3.2
Octobexr 78,9 9.4 0 0 0
November 72,9 12,5 1.7 0 ]
December 78.2 8.0 5.2 0 0
January 72.4 8.0 0.9 0 0
Fetruary 79.8 9.2 0.5 0 0
March .2 11.8 ll,.2 0 0
April 158 244 54,1 0 0
May 0 3.6 296 397 0
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contribute much to the food supply. Insects are available to the
animals fhroughout the year, but apparently are used more in the
rainy season. Vegetative parts of the rice plant were rarely
idéntified; the rice usage as graphed in Figure 1 was essentially
rice seed. The rice becomes available sometime in October, depend-
1ng on the onset of the rainy season and thus on how early it was
planted. Rice seed utilization remained high until a precipitous
drop occurred betiteen February and March, This drop may coincide
with'the burning of the rice paddies and the removal by various
secondary consumers and reducers of the rice grains left on the
ground in the paddies after harvest. The Denver Wildlife Research
Center 1970 narrative report stated that in one study, 182 kg of
rice/ha were left in the paddies after harvest., During this period
when ric \Feed utilizatioﬁ by rats was high, the percentage of
unidentizigd matter, or non-diagnostic plant parts, drops. The
percentage of this non-diagnostic material was high when rice seed
was unavallable, and since the crude fiber level (Table 13) was
highest in March, may indicate thatlthe rats were eating a poorer
quality food, Furthermore, “the rats may have been taking parts of
the plant not utilized when there was ample food,

?&e@uency of occurrence of food items in the rat diets indica-
ted close agreement with the porcent volumes (Table 3). Of the five
items in Table 2, only Echinocholoa colonum did not appear in the
high-five frequency of ocourrence; 1£.was nunber six (Table 5),
These results contrast with those of Hanason (1970) who did not
fihd close agreement between £requency of occurrence and percent

‘volume, The analysis of variance for frequency of occurrence showed



Table 3, Frequency of occurrence for 12 months of the five
most important food items found in 284 Rattus
rattus mindanensis stomachs.,

33

Fo Zina emwe hmmtel
Oryza sativa 136 48
Insect 192 68
Digitaria sp. 9N 32
Ipomoea aquatica 33 12
Echinochloa colonum 22 8
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significant difference among the means (Table 4). The separation
of the mean frequencies of the food items is shown in Table 5.
When the five items contributing the greatest percent volume were
considered, only two, insect and Oryza sativa, differed significantly

from all others in frequency of occurrence. However, comparison of
the percent volumes on the basis of identified-only and total food

items present, did show significant differences. There were fewer

specles and thus fewer degrees of freedom available when unidenti-

-fied material was included (Tables 6 and 7).,

Tables 8 and 9 1llustrate the mean separation as calculated
by Duncan's New Multiple Range Test, (This test is used where the
analysis of variance shows a significant difference among means.,
The Duncan's Test provides a method of determining which means

differ significantly.) Oryza sativa (rice) and unidentified, or

non-diagnostic matter, were the only means significantly different
from the other six food items (Table 8)., Likewlse, Table 9 shows

rice to be different from all other food items in terms of percent
volume in the rat diets, That there is no difference between means

of 19,92 (insect) and 3.46 (Echinochloa colonum) indicated the

great variatlon within the data, Percent volumes varied from a
high of 79.8 to 0,

Coconut was used for trap bait and therefore not included in
the analyses, Its effect on normal food habits is unknown, but in
several instances 1t composed 100% of the volume of a stomach,
Unfortunately, this bias could not be accounted for and subtracted

from the proximate and gross energy analyses.
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Table 4, Analysis of variance of the frequency of occurrence of
12 most commonly used food items found in Rpttus rattus
mindanensis stomachs,

Source of Degrees of Sum of Mean F
Variation Freedom Squares Square

Total 143 8233.16

Food Itens 11 5304,58 485,51 22,16**
Residual 132 2892,58 21,91

*¥Highly significant difference, tabular Fol= 0,01 is 2.4,

Table 5. Mean separation of frequency of occurrence of food items
found in Rattus rattus mindanensis stomachs,*

3
;3 .g 5 3 wl
2 4 dg % g 7 3
TR L g R
+ LAl - . ]
FERE He A% A 89 5§ g ds E"éag‘é
X 0,50 |0.67] 0,67 | 1.33{ 1.58] 1.83 2,58 [ 2,75 7.58] 11,33 | 16]18.25

—y

*No significant difference among means connected by line,X = 0,01,
Separation by Duncan's New Hultiple Range Test.
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Table 6, Analysis of variance of all food items found in
Rattus rattus nindanensis stomaghs.
Source of Degrees of Sum of Mean F
Variation Freedom Squares Square
Total 95 43534
Food Items 7 20315 2902 11 %%
Residual 88 23217 263

*#*Highly significant difference, tabtular F & = 0,01 is 2.85.

Table 7 .

Analysis of variance of identified-only items found
in Rattus rattius mindanensis stomachs,

Source of Degrees of Sum of Mean F
Variation Freedom Squares Square

Total 131 90

Food Items 10 15756 1575 7.6%%
Residual 121 25232 208

#Highly significant difference, tabtular F ok = 0,01 is 2,47,



37

Table 8, Mean percentage separation of total food items found in
Rattus rattus mindanensis stomachs, Means are for the

entire year,¥

;
P

3
da 28 9%

&
1,38 1.78 | 2.31 | 3.18 | 4.49 | 9.63 | 29.62 |42,

Echinochloa
Unidentified

b |

* No significant difference exists among those connected by the
line «= 0,01, Mean separation by Duncan's New Multiple Range Test,

Table 9. Percent volume mean separation of identified-only food
items found in Rattus rattus mindanensis stomachs.*

-

g1 9 44 2 g
Ba oF dg 27 39 d9 gd 3 H 5 e
ﬁél.% =9 95 A9 A8 S5 8% § . 3 E{ﬂ
gp Y HE 4 Ad 89 dy AF =4 A 5
X]0.98 ] 1.35 | 1.66 | 2,04 | 2,28 | 3.46 | 3.87 | 6,93|14.34{19.92 | 37.90

*No significant difference exists among those connected by the line
«= 0,01, Mean separation by Duncan's New Hultlple Range Test.
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Prexiqaieﬁﬁnalxeis‘of}Stomach.Centents)k»

‘PbeiEd‘efohech'contents”were'anelyzedweachvmenth“feriash. fat,
pretein, orude fiber, nitrogen-free extraet, totei'e55boh&drete and
gross energy) no stomach contents were available for October. The
analyses were replicated 12 times each month. The mean weight
percentages are shown in Tables 10 and the analysis of variance
for nutritional components occupies ‘Table: 11; significant differencee
existed among the means. The glycerol used in the preservative was
subtracted before the data were calculated.

Thers seems to be little information of significance in the
percentages of ash found in the rat stomachs excepi that it was
highest in August (Table 12). Results for Felruary and July differed
from those of other months also, but there was no seasonal pattern,

The data shown in Tables 13 through 17 are more informative,
These tables indicate that the fat and protein contents and the
nitrogen-free extract were inversely related by months, Stomach
contents from June and September samples were highest in fat and
protein and lowest in nitrogen-free extract, -Stomachs from the
June and Septenber collections were also highest in insect matter
(Figure 1), Sanples from the months ‘of greatest rice utilization,
November,‘December, January, and Fetruary (Figure 1) were highest
in nitrogen-free extract and lowest in fat. COnversely, in Felru~
ary, stomach contents showed the lowest pexrcent protein. Stomach
contents from the post-harvest months of December, January, end
Fetruary were loWest in fat and occurred among those showing the .

highest nitrogen-free extract.



Table 10,  Mean percentages of weights in grams for ash, protein, fat, crude fiber, nitrogen-free extract,

', and total carbohydrate for 12 months found in Rattus rattus mindanensis stomach contents,

‘Month

Proximate Analysis

- Ash Protein Fat Pimy  ogenTree  Garbonydrate "o S ache

June ?7.95 26,48 742 12.46 47.70 58,04 23

July 8,88 18.96 I, 46 10.44 57.26 6770 19:
Aug. 13.42 18.21 4,88 9.85 53.64 63.49 24

Sept., 4,95 30.80 10.97 14.69 38.59 53.28 20

¥* : -

Nov, 5.76 20,58 3.35 6.39 63.92 70.31 11
Dec. 6.85 18.35 3.46 7.29 64,05 71.34 37
Jan, 5,68 19,32 3.16 9.62 62,22 71,84 20
Feb, . 8.15 13.92 3.12 11.27 63.54 74,81 25
March 6.56 16,30 4,79 16.98 55.36 72.33 25
April 6.39 17.13 6.36 8.57 61.52 70,08 25
~ May 7.08 15.92 5.00 13.67 58.33 72.00 25

*No stomachs available in October.

6¢



| Tatle 11 Anslysis of variance for ash, motein, fat, crude fiber,
" nitrogen-free extract, ahd total ca.rbohydra.te i‘rom
Rattus rattus mindanengis stonmach contents a.nalyzed

monthly froa June, 1970, through May, 1971.

Source of  Degrees of Sum of . Mea.n F
Variation Freedon . .Squa.re.s Squa.re
Total 131 707.22 , o
Ash 10 636,03 63.60 108,17%*
Total 131 2956489 X

Residual 121 72430 0,60

Fat 10 664,86 66,49 99,23%*
Residual 121 81,14 0,67

Total 131 1308.71 | |
Crude Fiber 10 1123709 123.71 209,32%*
Residual 121 ‘71,62 0,59

Total =~ 131 8386,08

Niggg;g;m" 10 ‘8035,97 803,60 277,77
Residual 121 i 350 10 : 1 2.89

Total 131 -5661 01 :
Carbohydrate 10 5426,31 542,63 279, 71%%
Residual 121 234.78, ; L9

*¥i{ighly significant difference, tabular Fol= 001 is 2,47,



Table 12, Percent weight mean separation for ash found in Rattus rattus
mindanensis stomach contents.*

Sept. Jan. Nov., April March Dec. May ~June Feb. - July  Aug.

ol

4.95 | 5.68) 5.76 | 6.39 | 6.56 | 6.85|7.08} 7.95] 8.15] 8.88 | 13.42

*No significant difference among those monthe connected by the line,
o = 0,01, Separation by Duncan's New Multiple Range Test.

L
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Table 13. Percent weight mean separation for mrotein found in Rattus rattus
mindanensis stomachs,*

Feb.  May March April Aug., Dec. July Jean, Nov. June Sept.

X | 13.92 | 15.92 |16.30 {17.13 | 18.21 | 18.35 | 18.96 19.32 | 20.58 | 26.48 | 30.80
e——

St —y
r———
m——
Pr———
Srm—————

*No signiﬁqa.nt difference among those months comnected by the line,e(= 0,01,

Separation by Duncan's New Multiple Range Test.

oy



Table 14,

Percen” weight mean separation for fat found in Rattus

rattus windansnsis stomachs.*

Fab, Jan, Nov. Dec, July March Aug. May April June Sept.
i 3012 3.16 3035 3."6 4.46 4079 l".88 5.00 6.39 7.“2 1OQW

* No significant difference among those months connected by the line, &

= 0,01.

Separation by Duncan's New Multiple Range Test.

%]
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Table 15. Percent weight mean separation for crude fiber found in Rattus
rattus mindanensis stomachs.*

Nov, Dec, April Jan, Aug. July Feb. June

‘May Sept. March

bl

6.39

7 029

8.57

9.62

9.85

10.44

11.27

12.46

13.67

14.69

16,98

*No significant difference among those months connected by the 1line, &= 0,01,
Separation by Duncan’s New Multiple Range Test.



Table 16. Percent weight mean separation for nitrogen-free extract found
in Rattus rattus mindanensis stomachs.*

Sept, June Aug, March July May April Jan. Feb, Nov. Dec.

=l

*Ho significant difference among those months connected by the line, %= 0,01.
Separation by Duncan's Hew Multiple Range Test,

St



Table - 17. Percent weight mean separation for total carbohydrate found in
Rattus rattus mindanensis stomachs,*

Sept., June Aug. July Aprii Nov. Dec. Jan. May March Feb.

»l

53.28 §58.04 ] 63.49 | 67.70 | 70,08 | 70,31 | 71.34 | 71.84 | 72.00 | 72.33 | 74.81

*No significant difference among those months connected by the line o= 0,01,
Separation by Duncan's New Multiple Range Test.
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That the animals were eating poorer quality food during the
dry season after the waste rice seed was gone is indicated in Table
15. Crude fiber was high in the stomachs from March, May and June,
but it was also high in September, a rainy season month. The abtrupt
change from rice seed in February to non-diagnostic plant parts in
March (Figure 1) may have accounted for the increase in crude fiber,
since rice contains less than 1% crude fiber (Altman and Dittmer,
1968), Table 17 shows the mean separation for total carbohydrate,
Combination of the two components provided a less clear plcture of
the rat diets than the separate analyses,

These chemical analyses can be somewhat misleading, Without
& bioenergetics study of the rat itself, there was no way of deter-
mining what percentage of the components in the proximate analysis
was usable. Gross energy figures were thus blased also., In other
words, the protein or carbohydrate may not be usable to the same
degree in different species, Ruminants, such as cattle, for example,
utilize crude fiber much better than a non-ruminant rat. We have no

knowledge of assimilation efficiencies in {. . mindanensis,

Gross Energy of Stomach Contents

As was done in preparation for the proximate analysis, the
stomach contents were pooled each month before being analyzed for
groas energy, The analysis was replicated 12 times each month;
energy due to glycerol used in the preservative was subtracted from
the total energy, Gross energy was reported as calories/hram of dry
stomach contents., The monthly means are shown in Tables 18 and the
analysis of variance is given in Table 19, Significant differences

existed among means,



Table 18, Monthly means of gross energy found in Rettus
rattus mindanensis stomach contents,

Honth (cal/i dcy weidnt)
June 4550
July 5059
August 4392
Septembur 4985
*

November L8k
December 5197
January 4615
February 4986
March by72
April k7?7
May 4600

*No stomachs available for October,



Table 19, Analysis of variance of mean gross energy per month
of Rattus rattus mindanensis stomach contents,

Source of Degrees of Sum of Mean F
Variation : Freedom Squares Square

Total 131 21,252,353

Months 10 8,471,527 847,152 8##
Residual 121 12,780,826 105,626

¥¥Highly significant difference, tabular Fex= 0,01 is 2,47,
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Table 20 shows the mean separation of the gross energy for each
month, July, September, November, December and Felruary were the
months in which the stomach contents contained the most gross energy.
They were not significantly different from one another, but did diffe:
from those values occurring during the rest of the year., Of these
five months, only July stomach contents were low in rice (Figure i);
the stomach contents of the July sample contained a high percentage
of unidentifiable material, I suspected that perhaps the stomach
contents from the months of June and September would be high in
energy because they were high in protein and fat. September's gross
energy was predictably high, but the insect matter in the June stom-
ach contents was evidently too low to produce gross energy levels
comparable to the monthly samples high in nitrogen-free extract.
There was a 805 cal/g difference between the highest and lowest
values, Between these two extremes, the animals were apparently
able to maintain a reasonably consistent level of energy. However,
as was the case with usable amounts of protein and crude fiber, the
amount of usable energy could not be determined by these data, either,

The overall gross energy analysis was hard to determine because
glycerol was used in the preservative solution., After the alcohol
had been evaporated, the remaining material appeared as a thick gel,
which made sampling difficult and results more erratic than expected.

Other Biological Data on Rattus rattus mindanensis

Weights for all animals used in the study were available for
13 nonths, June, 1970, through June, 1971, These data were included
because they offered additional information on the physiological
adaptations of the animal to 1lts dlet, 1l.,e., its ability to maintain



Table 20. Mean separation for gross energy in gram-calories from
Rattus rattus mindanensis stomach contents.*

Aug, March June May Jan, April Nov. Sept. Feb. July Dec,

>l

4392 | ub72 | 4550 | 4600 | 4615 | k777 | w88y | 4985 | 4986 | 5059 | 5197

*No significant difference among months connected by the line, A= 0,01.
Separation by Duncan's New Multiple Range Test.

1]
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.consistent weight in different seasons, Numbers of animals caught
in the study and monthly mean weights are shown in Table 21, Table
22 shows the analysis of variance for the welghts of all aninals
captured, There was a significant difference among months. The mean
separations are shown in Table 23, The a.n?.ma.}s trg.ppedgin May; Sep~-
tember, and Octobex wére significantly heaver than those trapped in
the other months, The welghts of those. aninals caught in October
and September, though not significantly different from rats tra;pped
in May, could have reflected the weighté of gra.‘v‘id’ females. The
lowest mean weight occurred in December and reflected young a.niina.ls
being caught, Yearly habitat conamoné nay also have contributed
greatly to animal weight since June, 1971, had significantly heavier
animals than June,“ 1970, X 142 g vs,. 119 g,

When weights of subadult rats were included in the analysis,
the weight range was wide, and vthe_ welght change which could have
been corxelated with food a.va.il!,ability became obscure, Theréfore,
the juvenile aninal welghts (less than 105 g) were omitted and the
data reanalyzed, The average weight of adult rats was 145 g. The
analysis of variance in Table 24 indicates that there were significant
differences among the monthly weights. Table 25 shows which monthly
welghts are sig’nif:.ca.ntly différent. Aninals caught in March, May,
September, October; and November were the heaviest and ware signifi-
cantly heavier than those trapped in the other months, Since these
five months mciuded both wet and dry seasons, it appeared that ’the
animals were capable of maintaining normal weight under varying
habitat conditions, However, there was no bermation on numbers of

animals, Perhaps during the dry, sﬁrg‘asﬁ],: season there were feﬁer



Table 21, Numbers and mean weights of male and female Rattus
rattus mindanensis trapped for this study in Central
Luzon, June, 1970 through June, 1971.

53

Month Hunbers of Numbeza of X Woight in g
_ All Animals

J ﬁllte . | ’197(') 26 22 22
July 18 19 213
August 24 24 127
September 23 22 159
Octobex 4 10 154
Novembex 12 oly 125
Deéember 23 3% 102
January, 1971 32 26 1
retrary 19 31 107
~ Maxrch 10 3 3
April 17 n 13
i 19 31 147
e 50 20 142
: - - 7

Total 261 330




Table 22, Analysis of variance for monthly weights of all Rattus
ratius mindanensis captured for this study in Central
Lugon, June 1970, through June, 1971,

Source of Degrees of Sum of Mean P
‘Variation Freedon Squares Square '

Total . 599 903837 |
Months 12 183005 15250 12‘.41**
Residual 587 720832 1228

Hnigtl;y significant difference, tabular Fe¢= 0,01 is 2.22,



Table 23. Mean weight separation for all Rattus rattus mindanens captured for this
study in Central Luzon, June, 1970, through June, 1971.

Dec. Feb, Jan., July April i;g Nov. Aug. March i‘;;; ' May Oct. Sept.

I

(&) 102 § 107 | 111 | 113 13| 19}t 125 | 127 133 | 142 | 147 | 154 159

+

*No significant difference among months connected by the line®¢= 0,01,
Separation by Duncan's Kew Multiple Range Test.

119
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Table 24, Analysis of variance for monthly mean weights of adult

Rattus rattus mindanensis captured for this study in
Central Lugon, June, 1970, thrc:gh June, 1971

Souxrce of Degrees of Sums of Mean F
Variation Freedor Squares Square

Total k14 302967

Months 12 53808 Lyl 7o 2Lm*
Residual Lok 249159 619

**Highly significant difference, tabular Fot= 0,01 is 2,23,



Table 25, Mean monthly weight separation for adult Rattus rattus mindanensis captured

for this study in Central Lugon, June, 1970 through June, 1971.*

June June
July April Feb., Aug. 1970 Dec. Jan. 1971 May March Sept. Oct. Nov,.

b4l

(&) 129 130 1 132 | 135 | 139 | 139 | 140 | 142 152 157 161 | 162 | 163

*No significant difference among months comnected by the line <= 0,01,

Dashed line indicates January mean was significantly different from May mean,
Separation by Duncan‘s New Multiple Range Test.

179
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animale 1n the population and therefore the remaining rats were able
to maintain normal weights, Thsre seemed to be no pattern to the
lighter weights; they were spread throughout the year,

Sex ratios devia.ted from lal throughout thé¢ 13 months (Table
21), Chi-square a.na.lysis showed the differences to be significant
at the d- 0.05 level, but mean sepa.ration was not possible. However,
inspection of the da.ta. showed the devia.tion beginning 1n November,

1970, with Felruary through May-consistently low in males. Thirteen
months of trapping ylelded 591 animals, 56% femele and 4% males,
Whether these sex ratios actually occurred in the population or were
due to other factors such as selective trapping or seasonal behavioral
differences, was beyond the scope of these data,

When total weights were compared, the animals trapped in Dec~
ember had the lowest mean weight, 102 g (Table 23), The December
rat population appeared to have an adult-Jjuvenile ratio which was
different from the other months (Tahle 26), Furthermore, there were
more animals trapped in December, 1970, (62) than in any other month;
there were more juveniles (36) and a higher percentage of juveniles
(586). In addition, Table 26 shows differences in trapping data
among the months and years, While it is. logical that there would
be more adults prior to the period of. parturition (roughly the month
of November) as indicated by the September-October percentﬁges of
Juveniles, there was considerable dis&epmcy among other months:
Data from the Rodent Research Center Annua.l Report (1969) illustrate
some of these discrepancies, For example, while juvenile percentages
were quite high in June and July, 1970, (42 and 36%) the percentages
in June, 1971, (4%) and July, 1969, (10%) were low., Furthermore,



Table 26, Percent juveniles for rats trapped from June, 1970, through June, 1571, and
comparable periods in 1968-1949,

June July Aug. Sept. Oct., Nov. Dec., Jan., Fsb, March April May June

Numbers of

Anima’s .
Trapped 48 Ly 43 45 14 36 62 60 50 50 48 50 50

1970-1971

Percent
Juveniles bz 36 14 L 7 44 58 35 50 34 40 8 4
1970-1971

Humbers of .

Animals
Trapped k7 106 99 3% 19 48 9 401 195 200
1968-1969*

Percent
Juveniles 10 12 7 3 47 23 38 27 33 20
1968-1969

*Rodent Research Center Annual Report, 1969.

6
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when the two trapping periods in December, 1968 and 1970 were compared,
the percent of juveniles was quite different; December, 1970, had
58% Jjuveniles while 1968 had 23%. Variances also occurred throughout
the Aother comparable periods; but since completé cia.ta. were lacking in
1968-69, no statistical analysis could be pexformed, Whether yearly
environmental differencéé or trappins technique rroduced these results
is speculative. )

Management Implications
It appears that if cultural methods of rat population control

are to be utilized, then recovery or destruction of the waste rice
1s the first step. December had the highest percenf.age of juvenile
aninals (perhaps the overall rat population was at a peak then also).
This population of rats must be sustained through the dry, stressful
period of January through June, If waste rice were removed, many of
the young might not survive and the lreeding population in August
and vSeptember would be proportionately smaller., Field trisls would
be necessary, however, to determine whether the induced juvenile
mortality would constitute an addition to or replacement of normal
mortality. If the mortality were additive, then a direct control
nethod prior to rat parturition, perhaps in September or October,
coupled with rice removal, should substantially reduce the overall
rat population, |


http:mortaJ.ty

-SUMMARY

While it is widely assumed that specles of Ratius are general-
1sts in their food habits and feed on a variety of material, the

complete story may be somewhat different., Rattus rattus mindanengis
certainly eats a wide variety of food materials, but only a few items,

Oryea sativa, insect matter, Digitaria sp,, Ipomoea aquatica and
Echinochloa colonum,were identified as contributing the ma jor
putrition., A significant fraction of material was composed of non-
diagnostic parts of plants which dofied identification, Of the
dentified matter, rice seed (Oryza sativa) and insect matter were
most utilized; rice is high in carbohydrate and insect matter is
high in fat and protein, The mroximate and gross energy analyses
and the percent volume and frequency of occurrence data were mutually
supporting, Where high frequency of occurrence and percent volume
of rice occurred in the stomachs, the carbohydrate levels were high.,
Conversely where insect matter was high in frequency of occurrence
and peroent volume, the fat and protein levels were high. When it
was avallable, the animals chose high enexrgy foods such as rice seed,
The rice eaten was mostly seed, not vegetative matter, This study
substantlated laVole's et al, (1970) findings, He discovered that
cutting of rice stems prior to flowering was insignificant, After
flowering, however, the percentage of fruit-bearing stems cut was
23%, Vegetative parts of the rice plant were rarely utilized; they
were left uneaten in the paddy,

In the absence of rice, the rats ate greater amounts of insect
matter, but they also ate more of the non-diagnostic parts of the
plant, I believe that use of the internal parts of the plant, stenm,
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and roots may indicate a more-difficult season of food procurement.
The level of crude fiber in the stomach cqnf.ents rosé in Maxch when
rice séed became scarce., The dry sea.son,’ usuallﬁ December through
May or June, was probably the most stressful period for the rats
since no new food was being produced, However, at least through
Fetruary there was adequate rice seed left in the paddies to sustain
the animals; it occurred in the stomachs in levels approaching 70

to 80% volume,



BIBLIOGRAPHY

Alfonso, P, J, 1968, Rice damage by rats in the Philippines,
Pe 5354, In Asian-Pacific Interchange--proceedings--rodents
as factors in disease and economic loss. (Institute for
Technical Interchange, Center for Cultural and Technical
Interchange between East and West, Honolulu, Hawaii),

Alfonso, P. J., J. L. Morales, and J, P. Sumangil, 1967, Control
of ricefield rats, p., 237-252. In Rice Information Cooperative
Effort, Rice Production Manual, University of the Philippines,
College of Agriculture, in cooperation with the International
Rice Research Institute,

Altman, P, L., and D, S, Dittmer (ed.). 1968, Metabolism, Fed.
Amer, Soc, for Exper, Biol,, Bethesda, Md. 737 pp.

Barbehenn, K, R, 1969, Report on taxonomy of the Fhilippine
ricefield rat., Rep't to U, S, Bur, Sport Fish, and Wildl,,
Denver, 3 p. mimeo, Unpublished,

Barbehenn, K, R,, and R, L. Strecker, 1962, Field data, p., 166-
173. In T. I, Storer (ed.), Pacific Island Rat Ecology.
Bishop Mus, Press, Honolulu. (Also Bernice P, Bishop Mus.
Bull, 225).

Barnett, S, A, 1969, The feeding of rodents, p. 113-123, In
Indian Rodent Symposium, Calcutta, India, 1966. (Sponsored
by The Johns Hopkins Center for Medical Research and Training
and by the U, S, Agency for International Development).

Baumgartner, L. L., and A, C., Martin, 1939, Plant histology as an
ald in squirrel food habit studies, J, Wildlife Mgt. 31266-268,

Burt, W. H,, and R, P, Grossenheider, 1964, A field guide to the
mammals, Houghton Mifflin Co., Boston. 284 pp,

Clark, R, J, 1958, Report to the Government of the Philippines on
the control of field rats in Mindanao. Food and Agriculture
Organization of the United Nations. Rome, Report No. 785,

29 rp.
Da.'ViB, D. E. 19690 Apm‘aisal Of I‘at pOpula.tionS, p' 51-570 m

Indian Rodent Symposium, Calcutta, India, 1966. (Sponsored
by The Johns Hopkins Center for Medical Research and Training

and by the U, S, Agency for International Development),

Denver Wildlife Research Center, 1970, ilonthly narrative report,
Los Balios, January, Denver, Colorado, Unpublished,



Dusi, J, L. 1949, Methods for the determination of food habits
by plant microtechniques and histology and their application
to cottontall rabblt food habits, J. Wildlife Mgt., 13:1295-298

« 1952, The food habits of several populations of
cottontail rabbits in Ohio. J. Wildlife Mgt., 161180-186,

Fichter, E,, G. Schildman, and J, H, Sather. 1955, Some feeding
habits of coyotes in Nehraska., Ecol, Monogr., 25:11-37,

Ford-Robexrtson, J. de C., and P, C, Bull, 1966. Some parasites
of the kiore, Rgttus exulans, on Little Barrier and Hen
Islands, New Zealand, N, Z, J. Sci, 91221-224, (remint)

Hayden, P, 1966, Food habits of black-tailed jack rabbits in
southern Nevada, J, Mammal, U47:42-46,

Hood, G, A, 1967. A rodent control research program in Hawaii,
p. 272-281, In 47th Annual Conf., West. Assoc, State Game and
Fish Comm., Proc, Honolulu. 1l pp,

Hansson, L, 1970. Methods of morphological diet micro-analysis
in rodents. Oikos 21:255-266,

Horwitz, W, (ed.). 1965, Official methods of analysis of the
Assoclation of Official Agricultural Chemists. 10th edition
Assoc, Off, Ag. Chemists, Washington, D. C, 957 pp.

Jackson, W, B, 1962a. Reproduction, p. 92-107, In T, I, Storer
(ed.), Pacific Island Rat Ecology. Bishop Mus, Press,
Honolulu, (Also Bernice P, Bishop Mus, Bull, 225).

 1962b, Parasites and disease, p. 190-199. In T, I,
Storer (ed.), Pacific Island Rat Ecology. Bishop Mus, Press,
Honolulu, (Also Bernice P, Bishop Mus. 3ull., 225),

« 1966, Productivity in high and low islands with
speclal reference to rodent populations, Micronesia 3:5-15,

Jackson, W, B,, and K, R, Barbehenn, 1962, Growth and development,
P, 80-89., In T. I, Storer (ed,), Pacific Island Rat Bcology.
Bishop Mus. Press, Honolulu, (Also Bernice P, Bishop Mus,.
Bull, 225).

Jackson, W, B,, and R, L, Strecker, 1?62. Home range studies,
P. 113-124, 1In T. I, Storer (ed.), Pacific Island Rat Ecology.
Bishop Mus, Press, Honolulu, (Also Bernice P, Bishop Mus.
Bull, 225).

Johnson, D. H, 1962, Rodents and other Micronesian mammals
collected, p. 21~38, In T. I, Storer (ed.), Pacific Island
Rat Ecology. Bishop Mus, Press, Honolulu, (Also Bernice P,
Bishop Mus., Bull, 225),



65

Kadarsan, S, 1968, On the parasites and diseases of wild rats in
Java, Indonesia, p, 121-129, In Asian-Pacific Interchange--
oceedings--rodents as factors in disease and economic loss.,
f?nstitute for Technical Interchange, Center for Cultural and
Technical Interchange between Hast and West, Honolulu, Hawaii

Keith, J. 0,, R, M, Hansen, and A, L, Ward, 1959, Effect of 2,4~I
on abundance and foods of pocket gophers., J, Wildlife Mgt.
231137-145,

Korschgen, L. J, 1969, Procedures for food-habits analysis,
P. 233-250, In Wildlife lanagement Techniques. ‘The Wild1life
Society, Washington, D. C., 623 pp,

LaVole, G. K., F, N, Swink, and J. P, Sumangil, 1970, Destruction
of rice tillers by rats in relation to stages of rice development
in Luzon. Philippine Agriculturist, 54:175-181,

Marshall, J. T., Jr. 1962, Geographic distribution and color phases
of Mlcronesian rodents, p. 42-43, in T, I, Storer (ed.),
Pacific Island Rat Ecology., Bishop Mus, Press, Honolulu,

(Also Bernice P, Bishop iHus, Bull, 225),

Myers, G, T., and T. A, Vaughan, 1964, Food habits of the plains
pocket gopher in eastern Colorado, J. Mammal, 45:588-598,

Fydent Research Center, 1969, Annual Report, U. S, Bureau of
Sport Fisheries and Wildlife, Wildlife Research Center, Degnver,
59 pp. mimeo, Unpublished,

« 1970. Annual Report, U, g, Bureau of Sport Fisheries
and Wildlife, Wildlife Research Center, Denver, 56 pp, mimeo,
Unpublished,

Sanborn, C, C, 1952, Philippine zoological expedition 1946-47~-
mammals, Fieldiana Zool,, Chicago Nat. Hist. Mus, 33:89~-158,

Snedecor, G, W, 1956, Statistical methods. 5th ed, Iowa State
College Press, Ames, 534 PD.

Soekarna, D, 1968. The ricefield rat and its control in Indonesia,
Ps 265-272, In Asian-Pacific Interchange--proceedings=-~rodents
as factors in disease and economic loss, (Institute for
Technical Interchange, Center for Cultural and Technical
Interchange between East and West, Honolulu, Hawaii),

Southwick, ¢, 1966, Reproduction, mortality, and growth of murid
rodent populations, p, 152-176, In Indian Rodent Symposium,
Calcutta, India, 1966, (Sponsored by The Johns Hopkins Center
for Medical Research and Training and by the U, S, Agency for
International Development ),



66

-StéQ;,.R,;Gg Dg,;qndﬂJqéhéaiorriegg-1960.?[E:incipl¢sxanﬂﬁnnqquq;es
' of statistics, . MeGraw-Hill Book.Company, .Inc., New York,
481 pp.. i

Strecker, R, L. 1962. Coconut groves, p. 200~208, -In.T. I,
Storer (ed,), Pacific Island Rat Ecology., Bishop Mus. Press,
Honolulu, (Also Bernice P, Bishop Mus, Bull, 225), o

Strecker, R, L., and W, B, Jackson, 1962, Habitats and habits,
p. 6473, In T. I. Storer (ed.), Pacific Island Rat Ecology.
Bishop Mus. Press, Honolulu, (Also Bernice P, Bishop Mus,
Bull, 225), |

Teshima, A, H, 1968, Rats and the Hawalian sugar industry, p.
69-71, In Asian~Pacific Interchange--proceedings--rodents as
factors in disease and economic loss. (Institute for Technical
Interchange, Center for Cultural and Technical Interchange
between East and West, Honolulu, Hawaii),

Tomich, P. Q. 1969. iammals in Hawall; a synopsis and notational
bibliography. Bishop Mus, Press, Honolulu. (Also Bernice P.
Bishop Mus, Spec. Pub. 27). 238 pp.

« 1970, Movement patterns of field rodents in Hawail,
Pacific Sci., 241195-234,

Ueckert, D, N, 1968, Seasonal dry weight composition in grass-
hopper diets on Colorado herbland. Ann. Ent, Soc., Amexr,
61:1539-1544,

Vaughan, T, A, 1967, Food habits of the northern pocket gopher on
shortgrass prairie, Amer. Midland Natuxr, 77:1176-189,

Ward, A, L. 1960, Mountain pocket gopher food habits in Colorado.
J . Wildlife Mgt . 2“” 89"920

Ward, A, L., and J, O, Kelth, 1962, Feeding habits of pocket
gophers on mountain grasslands, Black Mesa, Colorado., Ecology

Willlams, O, 1959a. Food habits of the deexr mouse. J, Mammal, .
40: 415"419 » ’

. 1959b, Modified gum syrup. Turtox News 37(10).

¢ 1962, A technique for studying microtine food habits,
J, Mammal, 43:1365-368,

Wilson, B, J, 1968, The rat problem in the Pacific btasin, p. 9-30,
In Asian-Pacific Interchange--proceedings--rodents as factors
in disease and economic loss. (Institute for Technical
Interchange, Center for Cultural and Technical Interchange
between East and West, Honolulu, Hawaii),

GPO B42-244



