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ABSTRACT

The workability of a new technique using the non-radioactive
trace element rubidium to determine movement patterns of some small

mammals (Rattus rattus and Rattus exulans) was tested. The study was

conducted'bn the Eniwetok Atoll, Marshall Islands, United States Trust .
Territory of the Pacific.. Two.applicationAmethods were tfied;‘a foliax-
spray and an impregnated bait. The rubidium concentrations acQuirea

by the rodents were determined from subsequenﬁ tissue analyses by aiomic.s
absorption spectrophotometry. -

~The amount of rubidium aﬁsorbed by plénts was ‘dependent upon the
hyd:ation and evapotranspiration but the loss-rate was not. The half-
loss time (time needed for initial concentration to decrease by half)
was much shorter for dicots than for monoco£s. In plaht and apimal tiésues;
the average background rubidium éoncentrations (by weight) were 7.8 ppm
for plaﬁts and 26.S'ppm for rats. The rodents which had injested thé
. rubidium baits or treated vegetation'wer; easily detected héving concen-
trétions ranging from 35.L to 3420 ppm, by weight. No correlation was
. found between the acquired rubidium concentrations in rats and their
capﬁure distance for the rubidium sourée.

The technique which is #orkable has éome disadvantages such as
individuél marking difficulties and identification upon death only. Some
of the distinét advantéges of the technique are the ease of handling,

- application and its definitive identification. Much mofe information
concerning the physiological properties and reactions of rubidium in plants

and animals is néeded before this technique can be fully apbreciated.
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' INTRODUCTION

This study tests the wérkability of a new technique using a trace
element to determine movements of small marmals. Involved is an en-
vironmental'applicatioﬁ of rubidium, a.ﬁon-radioactive trace elément,
which serves as an index for movémeﬁt and dispersion patterns.

Dispérsion has been defined by Lack (195L) as a non-random type
 of distribution. Wynne-Edwards (1962) more specifically defined
' dispersion as céﬁérisimg the placemént of individuals ahd groups of
individuals within habitats they occupy and fhe processes by wnich
this is Brought about. a

The cdncept of héme range is necessarily considered when studying
movement and.dispersion patterns. Burt (19L40) states that héme range
is that area abopt the animal's established home which is traversed
by the animal in its normal activities of food gathering, mating, énd
caring for young.

ngera} parametérs of population density may léad to dispersion.

- While ehvironmeﬁtal:factors, such as temperature and rainfall, may
cause dispersion (Davis and Golley, 1963), food according to Lack

(1954, 1966) is the predominant density dependent factor détermining-
population‘stability. The'rate.of emigratioﬁ (the movementAout of_an
;rea) incgeases when a pépulation'reéches‘envirohméntal capacity
(bavis';nd Goiley, 1963); C;glev(l9Lh) feébrté that'iﬁdividuais.forced |
from théir homes may return to theﬁ wnen conditions are again suitable.
wynﬁe—Edwards (1962) states that the populatibn density appears to

bear approximately a constant relation'to the amount of food présént.

-
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~ i In éséeﬁcé, before maximum population densities are reached, environmental
requirements, such as food; are feadily.availablé; as coﬁpetition fér
them is inCréased, weaker competitors are forced to disperse, thus the
population remains at approximately the carrying capacity of the
environmeht. |

Barnett (1963) observed no hierérchy in wild rat colonies hut has
observed a péttern of .dominance and recessiveness. He has found fhree
types of rats: Alphas, Beﬁas, énd Omegas. The Alphas are dominant, while
the Betas are subordinate and are tolerated by the Alpha rats. The
Omegas; which}are eéSentially on an equal basis with'the Betas, are not
folerated and are continually aﬁtacked by the Alpheas. Thérefore, the
Omega rats Aust eitherileave the colony or be killed directly by the
Alpha rats or indirectly by starvation or secondary causes.

Population studies have involved a variety of data collecting
techniqueé. Direct observations'of animals marked with colored plastic
ear tags (Manviile, 19L9) as well as examination of excretory products
colored'by characteristic dyes either added to fcod supplies (New, 1958)
or injectea subcutaneously (Brown, 1961; Gast, 1963) are some older
techniques. Receﬁtly, the £echnique of tagging with radioactive
- materials-either externally as leg bands {Godfrey, 195L; Gifford and.

Griffin, 1960; Griffin,‘l952; Kaye, 1960 and 1961} or internally as
radioactive impregnatgd foods (Jenkins; 195L) or.és subcuﬁaneoué
injections (Harvey, 1965; Karlstrom,‘i957; Millef; 1957; Twigg, 1963)
'has'prpven itself to e workable. - |

- A technique using non—radioéctive‘elements as tracers has haa

. some.success. Lowman (1965) found the identification of non-radiocactive
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trace elements by atomic absorption‘spectrophotometry to be helpful
in determining river influencern tne surrounding sea. .Similarly,
trace element composition has aided geologists in identification of-
mineral samples (Angino, 1966; Capacho-Delgado and Manning, 1965;
Olson, 1965; Simmons, 1965).2

My study uses this non-radioactive tr%ner technique by adiing‘
rubidium to £hé natural environment to determine movement and disbersal
patterns of rodents. This ekperimeht consisted of two phases. First,
a éolution of rubidium chloride (RbCl) was applied'to the foliage of
plants; and second, RbCl was added to a supplementa{y food supply,.

Atomic absorption spectrophotometry was employed in this study for
the detection of the trace element concentration. This method is based
on the atom's éapacity to go from the ground state to the excited state
by absorbing energy from its surroundings. A di;charge lamp, emitting
the same Qavelength as the metal in the flame absorbs, is used to
provide the background energy. The absorbance of_this energy, while
traVeling through the low eﬁergy flamé, is a measure of the céndentration
-of the metal being analyzed (Prugger,-l966).\

Rubidium (Rb) a rare, monovalent, alkali metal having atomic weight
85.48 and atomic number 37 was selected as the non-radioaétive tracer
" to be used. Although no trie mineral has yet been found (Rose, 1956),
the oxides of Rb are widely dispersed, though not abundantly, throughout
the Earth's crust (Whiteley, 1950). The average percentages of rubidium
found in sea water, marine organisms, rivers, fresh water_organiéms,
soils and grasses are 2 x 10-5, 3.L x lO'h, 1.6 x 10-7, 2.9 x lO"h,

6 x 10'3, and 6.0 x IO'h, respectively (Mellor, 1963).
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Rubidium chloride phytofoxicity, similar to that of the chloride
salts of Othgr alkali metals, causes stunting or aeath due to calcium
depletion (Mellor, 1963),.and is proportional to the acduired concen-
tratibns; Wnile mdny plants are'indifferent to small concentratiops
of rubidium, growth in several species may actually be stimulated
(Mellor, 1962). : o

Rubidiuﬁ has been found in humans by Yamagata (1962) and in many
but not all marine and terrestrial brganisms by Mellor (1963). Rubidium
toxicity to animals is the lowest of the alkali metals (Rose, 1956)
and appears to depend on ;ts interference with potassium (Mellor, 1963).
It is the only element that can be parti{aily substituted without harm |
for potassium in several yeasts, mycobacteria, aerobic spore-forming
organisms (Mellor, 1963); and in human blood (Rose, 1956).

| Glending et al. (1956) found that rats fed diets containiﬁg_o.l
per cent Rb or more'?uffered a decrease in growth, reproductive
performance, and surVival time. In comparison, ;ats fed diets contaiﬁing
0.02 per cent Rb or less were not affected. Rubidium Waé not cdncéntrated
in any parti&ular“tissue or organ, though bone coniained less Rb than
the soft tissue. Beyond some basic informaﬁion, relgtively little is
known of rubidium's affect on énimals (Mellor, 1963), exéept that it
is not- a nutflbional requirement for white rats (Glending et é}.; 1956).

This study was conducted at Eniwetok Atoll, Marshall Islands,
United States Trust Territory of the Pacific. The atoil, located
- 11° 211 North latitﬁde and 162° 21' East longitude, has a mean annual
rainfall of 57,60 inches énd an average monthly temperature of 82;3 F

(€onnor, 1966).‘ The atollvcovers'388 square miles and consists of

L
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LO islets having a dry land.afeavof two and one-fourth square miles
(Donaldson, 1959) and an elevation above sea level of 13 feet (Connor,
1966). The impact éf the nuclear_testing‘program between 1946 and

1958 on the pﬁysical and biotic aspects of the atoll have been summarized
by Hines’(1962) and Jacksoh'(l%?)° Only four of the LO islets were
involved in this study: Runit; Japtan_(Mﬁti), Biijiri, and Engebi
(Figure l).‘ . |

Runit, located on the eastérn edge of the atoll, has primarily a

grass hummock environment inhabited by the roof rat, Rattus rattus.

The vegetatién covering Runit, which has been repeﬁtedly destroyed by

-

nuclear testing, was relatively sparsé (Figures 2 and 3). The selected

study area had secondary scrub vegetation identified as: Frimbristylis

atollensis (a grass), Ipomoea spp. (a vine), Messerschmidia argenta

(a shrubby hardwood), §9§§X9¥3:§£ﬂ§?§§9§9§ (a2 shrubby hardwood) and

Triumfetta procumbens (a vine). Taxonomic usage follows St. John (1960).
Japtan, located on the southeastern edge of the atoll, has a dense

Cocos nucifera (coconut) forest environment (Figure L) inhabitéd by the

Polynesian rét, Rattus exulans. The vegetation covering Japtan has
5een affected little by thé nuclear testing; however, about 20 years
ago, forest area was cleared of secondary vegetation but this has since
regrown. More recently (about five years age), constructien pﬁshed
back the forest;»thig hasﬁgincé regrown into grassy fields. Sections.

of these regrown areas were included within the study aréa (Figure 5).

The major vegetation of the study area was identified as: Cenchrus

echinatus (a grass), Cocos nucifera, Frimbristylis atollensis, Lepturus

repens (a grass), Tricachne insularis (a grass) and Triumfetta procumbens.

]
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The vegetation covering Biijifi has not been serioﬁsly affected
since it was leveled by the 1952 nuclear test. Biijiri, which is still
nearly devoid of trees, is inhabitéd by the Polynesian. rat, Rattus
exulans. A vine covered field with é few shruﬁby hardwoods nearby was-
the selected study area (Figure 6), and the vegetatioh identified was:

. Frimbristylis atollensis, Ipomoea-spb., Messerschmidia argenta, and -

Scaevola fructescens.

Engebi, completely denuded by constructicn and testing activities,
now covered by a mixture of grassland and scrub forest, is.inﬁébited by

the roof rat- (Rattus rattus) (Jackson, 1967). Within the study area,

along the edge of an old airport runway (Figure 7), the principal

vegetatioﬁ was identified as: Frimbristylis atollensis, Ipomocea spp.,

Messerschmidia argenta, Pluchea odoratus, and Scaevola fructescens.




METHODS

This study was conduCtedAOn four of the atoll's hd isiets. The
foliar application phase involved aréas 6n Runit and &aptan; the
supplementary fdoé supply pﬁése,»Biijiri and Engebi.

The'dimensioné of the sprayed aréa on Runit were 13 meters by 10
meters. With a three-meter wide dirt road, having essentially né'.
vegetation aﬁd not being spraye?,_tfénsecting the area, the net area
‘sprayed was 100 square meters. |

A four gallon agqueous solution of 0.1 ﬁolar (M) RbCl was applied

with a Chapin, number 192, compressed air sprayer to the foliage within

the 100 square meter area on 2L July, 1966. The spray had the consistancy

of a coarse mist and was applied in a criss-cross pattern: first in a
north-south direction, then in an east—weét direction. Drift appeared
slighl despite the.constant sea breeze, but no actual determination of
rubidiuh levels immediately outside the treated area %as made.

Immediately following the spraying, the islet was sgqucted to‘appfox-

imately five minutes of heavy rainfall.

On 27 August, 1966,:3b days after the foliar application, the study

érga of 133,750 square feet, which included the éprayed.area, was
intensi&eiy trapped for one night. A total of 2L6 Victor rat traps,
‘baite@ with coconut, were placed in a grid patterﬁ at 25 foot (8 metefs)
intervals Qithin the'study area. 'With each capture, the point.of
capture wifhin.the grid was recorded. The liver and both kidneys were

collected, weighed to the nearest 0.01 gram on a triple beam balance,

oven dried at 65 C for approximately four days,'individuélly wrapped
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in foii, surrounded by gauze, and sealed in plastic bags for shipment
to Bowling Green State Univeréity for further analysis.

.In'ofder to determine rugidium concentrations, reﬂresentétive
plant parts.(stems, leaves, and flowers when available) sprayed ﬁith
~ RbCl were collected from'the sprayed area on 25 July, 9 Aﬁgust, and
. 28 August, which were 2k, 38L, and 8&0 ﬁours after application, respectively.
Prior fo spféying, plant parts were collécted on 25 -July from the unsprayed
‘area to obtain nqrhallbackgrouﬁd concentrationé of rubidium. Similarly,
ﬁhe liver and kidneys af rats captured prior to the foliar application
were'collected from another area of Runit. Plant tiésues were processed ]
in the same manner as fge aniﬁal tissues. | A

.The Jabtan sprayed area of 10O meters square was sprayed on 7
August, with a 0.1 M aqueous RbCl solution (Figure 5) in exaétly the
same manner as previously described for Rﬁnit. Because of the wind
shielding abtion of the surrounding Egggéhfofest, the solution was
applied in a fine ﬁist with 2 minimum of drift. Representative portions

of plants (except Cocos nucifera) were collected from the spréyed area

-.‘on 8 Augus£ and 22 August, 2L and 360 hours after application, respectively;
reference plant tissues, on‘22 August from a diffe;ent section of the
} forest. “The Japtan study was terminated.on 22 August, 1l days afterlﬂhe
© foliar applicatioﬁ, by intensively trapping the area for.one night with
2L9 Victor rat traps.‘ Ahima; énd plant tiséues ﬁere processed in the
same manner as those obtained from Rﬁhit.
~ The short term supplementary fooa supply phase wasAinitiated on
both Biijiri and Engebibon_BO August, 1966. The meat ffom three
qoconﬁts was grated, soakedkfof'four days in'aqueous.O.h M Rbbl Solution,




then scattered over a one meter square area on each islet. Trapping

on Biijiri.ahd Engebi was accomplished on the fourtﬁ and secoﬁd days,
‘réspectively, following the bait,plaeemenﬁ. Fifteen Victor rat traps,
baited with coconut, were set in straight lines radiating from the
baited area in qach of the four cardinal directions, the initial trap |
in each line being within one meter of the hait, others at intervals
of about eight meters (eight paces). On Biijiri, space limited thé
south and north lines to 10 and 11 traps, respectively, The tissue
éamples (the 1liver and both kidneys) taken from the captured rodents
were processed as previously described. .’

‘The instruments'necessary for tissue processinéhgnd analysis in
the labaratory were housed in either the Chemistry or the Biology
Departments of Bowling Green State University. The balance used was an
Ohaus Cent~0-Gram, model CG311l, and the-hot plate used was a Lindberg
Hevi-duty, model 5301&. The Perkin-Elmer Atomic Absorption Spectro-
photometer, model 303, was used for the tlssue analy51s. Standard
conversion tables were used to convert the percent absorbance, which
was read diréctly from the spectrophotometer, to absorbance.

A1l glassware prior to‘use'was thoroughly washed. The washing
procedure was as follows: (1) scour with alconox (a powefful wetting
agent and detergent), (2) rinse three times with tap water, (3) rinse
with 50 per cent nitric acid, (L) rinse three times with tap water,
(5) rinse three times with distilledlwater, (6) rinse with 70 per cent
isopropyl alcohol, and (7) rinse witn acetone.

In the laboratory, the rat samples wére unpackaéed,.weighed 5n a
triple bea@ baiance to the nearest 0.0l gram, and pléced in 100 hl/

o
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Kimax beakers on a hot plate for wet ashing (Urone andrAnders, 1950).
-:From the resulting residue, a 10 ml solution was prepared for
analysis in three steps during which each beaker was washed a total

of ten times: once with 1 ml of 1:10 dilution of concentrated HCl;

once with 1 ml of 1.0 per cent NaCl; eight times with 1 ml portions of.

distilled water. The washings wéfe necessary for maximum transfer
of rubidium.

Before and-after each anélysis sequence, a series of prepared
rupidium standards (O;S, 1.0, 2.0, 3.5, S.Q, 10.0,'25.0; S0.0, 100.0,
150.0, ZOOOO-parts Rb/million, by weight) were anal&zed. During the
analyses of the sémples, a known standard coﬂcentration af rubidium
was tested after every 10 samples in order to check the sensitivity
of the instrument. The unknown absorbance for each sample was then
compared with the standard rubidium absorbances for that trial to
determine the amount of rubidium présent in the 10 ml sample solution.
The rubiaium éoncentration per gram dry weight (ppm, by weight) was

calculzted.




RESULTS

The sampleé from Japtan rats were énalyzed on 24 February énd
iats_sampled from Runit, Biijiri, and Engebi wefe anéiyzed on 2l Marcﬁ,
1967. The absorbéncés of ruvbidium standards were‘obtained before and
after each anélysis session. Data obtaiﬁed-from the rubidiﬁm standards
appear in Table 1. One rubidium standard (2 ppm) was not analyzed on
2L March because of contamination. The instrumental variation is
shown for each test session on all standard grapnhs by'plotting the
' absorbance of the two trials of each sgésion.for the séﬁe standard
(Figure 8). The absorbance of'concentrations'greater then 200 ppm,
the greatest'standard concentration used, was extrapolated. The
rubidium concentration of the soiution (ppm)kwas read directly from the
appropriate standards graph; then concentration pér gram dry weight of
sampie'was calculated.

The data obtained from vegetation. sampled on Runit and Japtan
appeér in Tables 2 and 3,'respeqﬁiyely. Rubidium concentrations (ppm)
found. in' the unsprayed vegetation wgre»low,~ranging from 27.L for

Cenchrus to 5.2 for Lepturus on Japtan and from 0.0 for Frimbristylis

to S.b’for Ipomoea on'Runit. Unsprayed vegetétiqn from.Japtan had

approximately twice a3 mucn rubidium as similar vege£ation from Runit.
The ‘sprayed vegetgtion from bo?h study areas had considerably

. higher rubidium coﬂceﬁtratigns; initially about iOO timeé mofe; thani

the unsprayed vegetation (Tables'2 and 3). The first plant sémplings

(2h.hoﬁrs after application) showed'slightly higher concentrations for

plants on Japtan than for similar plants on Runit. These, however,
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were only 1l.L per cent to 11.4 per cent of the total ppm applied.
Tne sampled plants had varying affinities and differential loss

rates for rubidium. Of all plants sampled, Frlmbrlstylls and Lepturus

had the lowest initial affinity. Frimbristylis, Cenchrus, Tricachne,

and Lepturus, all monocots of family Gramineae, had low rates of loss,

whereas most dicots, Messerschmidia, Triunfetta, and Ipomoea, had much

greater rates of loss. Of all plants tested, Messerschmidia had the

greatest loss rate, losing 90.1 per cent of that absorbed in 360 hours.
The average half-loss time for monocots could not be determined but was
estimated at 170 hours for dicots.

-

Data obta]ned from Rattus rattus captured on Runlt on 26 August

(31 days after rubidium application) appear in Table h The points of
capture, with respect to the sprayed area, of all rats collected on
Runit are presented in Figure 11. A total of 20 roof rats, (11 Jd and
99?) were captured on 246 trap nights (trap success = 8,15 per cent).
Although the traps wére checked twice in one night, no trap captured
more than a single rat. | |

The control rat (no. 1879) had a rubidium concentration of 25.8
ppm. A level qf 35.0 ppm was selected as the minimum concentration for
aApositive test (é rat having fed from the sprayed area); On this
basis, three of' the zO individuals captu;ed (15 per cent) were positive,
the concentration ranged from 37.2 ppm (no. 2060) to 161.0 ppm (no. 20L6).
The capture distance (distance between the capture'poiﬁt and the sprayed
area) ranged from 100 feet (no. 20L6) to 212 feet (no. 2060), the

average being about 153 feet.




‘Data obtained from Rgttqs exulans captured on Japtan on 21
August (1L days after rubidium appiicatibn) appear in Table 5. A
summary of the points of cgbture of all rats.collected'on Japtan is
presented in Figure 12. A tbﬁal of 109 Polynesian rats (5744 and 52299)
were captured on 2h9vtraé nights'(trap #ﬁccess = 3.8 per cenf)° The
© traps wefe checked twice in the night, and.QS traps caught two rats
each.

The control ' rat (qo. i8785 had a rubidium coﬁcentration of 507.8
ppm. -This rat, as was later realized, was involved'withApilot studies
of the supplementary‘food‘supply phase of this study and therefore was

not a valid control. Since the majority of the rats captured had

concentrations near those found for Rattus rattus from Runit, 35.0 ppm

was again.selected as the minimum concentration'for a positive test.
Foﬁrteen of the 109 rats captured (12.8 per cent) were positive, the
concentration ranging fromABS.h rpm (no. 191&) to 565.0 ppm (no. 1982).
‘The capture distance ranged from within the sprayed area (nos. 1956; 1957).
to 175 feet away (nos. 2005; 191L).. The positivé tests are centered,

4 generally; about the sprayed area, with the average.captufe distance

being L1 feet.

Data obtained from Rattus exulans captured on Biijiri on 3

September (kL dayé after bait placement) appear in Table 6. The capture
pointé‘of4a11 rats are preSented in Figure'13. A total of 15 Polynesian
rats (6&3 and 999) were céptured;on gl_trap_nigﬁts (trap success = 29.L
| per‘cenf.) ‘ | |

The control rat from Biijiri (no.. 2128) had a concentration .of

- 20.6 ppm. Four of the 15 rats captured (26.6 per cent) were positive,
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' the concéntration ranging from 93.5 ppm (no. 2115) to 3L20 ppm (no. 2126).
The capture distance ranged from 125 feet (mos. 2113; 2115) to 250
feet (no. 2125), the average being 163 feet.

Data obtaiﬁéd,from Rattus rattus captured on Engebi on 1 Septémber

(2 days aftef bait placement) appear in Table 7. A summary.of the
. capture points of all rats captured is presented in Figure 1L. ‘A-totail
of 21 roof rats (12J4 and 999) were captured on 60 trap nights (trap
success =.35-per cent)o' | |

The control rat (no. 17L44) had a conéentration of 27.2 ppm which
was near the concentrations found in most other anim;15.~ Six of the
21 rats captured (28.5 per cent) were positi&e, fhe concentration ranging
from 50.L ppm (no. 2095) to 3020.0 ppm (no. 2100). The capture distance
ranged from within_three'feet (nos. 2100; 2103) to 375 feet (no. 2106)

from the baited area, the average being 125 feet.’




DISCUSSION AND CONCLUSIONS

.- The uptake of rubidium by various piant'tissues is increased by .

plant auxins and is directly related to the hydration of the tissues
. (Mellor, 1963). Rose (1956) found that plants growing in water or in

damp places contained three to seven times .as much rubidium as other

species of the same fémily growing in dry sites..

Testing operations destroyed the soil on Runit, and'little has
subsequently been rebuilt. The relativeiy undi sturbed soil of Japtan,
with 80 times more organic matter than Runit (Univ. of Wash., Laboratory
of Radiation Biology, unpublished data), would-rétain(greater quantities
of capillary water. " Also, the wind blown, shadeléss.Runit study area
would have had a greater evapotranspiration rate and therefore wouid be
more xeric than the wind protected,.shady Japtan- study area. |

This study found, in accordance with Mellor (1¥63), that the control

plants from the more mesic Japtan had two to four times greater rubidium

concentrations than control plants of the sdmeispecies from the xeric

mean
Runit (Tables 2 and 3). The, background rubidium concentration in plants

from "wet" and "dry" islets was 12.8 and 2.8 ppm, respectively, with the

0P both A
average, being 7.8 ppm. That. the sprayed vegetation, such as Frimbristylis,

Ipomoea, and Triuﬁfetta, always showed nhigher rubidium concentratiohs.
on Japtan than Runit (Figures 9 and 10). thus was not unexpected. The
lower initial concentration found in the Runit vegetation ﬁay have been

accentuated by washing resulting from the rain which fell on Runit

‘immediately after spraying operations.




_ Although the 0.1 M RbCl solutiqn was'applied spedifically to‘the7-
aeriélAplantAparts, the soil,'especiaily‘on Runit after the rain,-probéﬁly
hgd relatively large concehtratiaﬁé of rpbidium}' Since no‘soil sampleé
weré taken,.thisAhipotheéié cannot.be verified. o . .

Thefpilot experiments of this study indicated rubidium was readily
abzorbed by the rvols -and transported to the aerial plant parts. Mellor
(1963) féund that rubidium uptake by the roots was inversely affected by
the amount of available potassium. With the atbll soils beingAhig@ in
calcium (Kenady, 1962), gbouﬁ 369,000 ppm (LRB unpublished data), and
low iﬁ potassium'(Donéldéon, 1959); about 70 bpmh(LRB’unpublishéd data),
large amounts of rubidium were probably absorbed by the rooﬁs and trans-
ported, via the vascular tissue'(Bukouaé; 1957; Wittwer and Teubner, 1959),
io-fhe leaves and stems. Bukouae (1957) found the absor?tion half-time -
of rubidium to be about six hours. With the first vegetational sampling
2Ly hours after application;'the rubidium cénﬁentratiéns~found at this
time were probably near their peak.

The spra& solﬁtion coﬂtained.18;700.ppm (bylweight), while an avefége
of 1L0O ppm.(by weight) was found. in the plants. Thus.about eight pef
cent of the pﬁm applied chemical had been absorbed. '

This‘study found rubidium concentrations within the plant decreased’
with time. This decfegse was similar for both "wet" and ﬁdry" islets
and thus was not dependent upon hydration or evapotranspiration.
Bukduae.(l957) foﬁnd no significant decrease in the leaves until after
192 hours. My study found the hélf-loss tiﬁe“(the time at which one-
half the initiai concentratibn was lostj for dicots to average 170 hours.

Compared to the rubidium loss in dicots (1077 ppm/360 hours), the monocots

©




/

showed eqsentlally no rubidium loss (Flgures 9 and 10). 1In fact, most
monocots; all of the family Gramlneae, had increasing concentratlons"

for the first 336 hours after application. - -The rise in concentratlon

-

, w1th tlme seen for monocots, resultlng in a very long half-time, indicates

‘a more con§tant rubidium uptake from the 5011 and a higher malntenance
level for monocots as comﬁared to dicofs.

Theoretiéally, all the sampled plant-parts -should have contained
the same rubidium concentfations; In practice, however, variations iﬁ.
spraying, uptake r;tes of tissues, sampling as well as ipstrumental and
human errors, resulted iﬁ coﬁcentratioﬁ.differences within a single
plant. Thése variations may.e#plain the unpredicﬁable rises in concen-
tration with time as éeen in Figure é., |

The vélid control rats from allkislets had an average rubidium
concentration of 26.5 ppm, a value within the range (3 to 28 ppm)
reported_for all vertebrates by Mellor (1963).

With food being‘the ultimate factor determininé ;opulation density
.(Wynhe-Edwérds, 1959), a small population -of rafé wdﬁld be expected for
:the;relativeiy barren Runit islet. A low trap success (8.1 per cent)

and a low population estimate (2l rats / 100,000 square feet) confirmed
thisbexpéctation.

That the average size of the home range-appeéred to décreaseAas
the population increased has been claimed by Sanderson (1966),.though
Blair (1953) did not consider this a valid coﬁ;epf'for all species. If
Sanderséﬂ (1966) be correct, the average size of home range for Runit
__rats, because of a low population,'shouid be.iarger than average.

Following Harrison (1958), the standard diameter, a measure of
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home range, was calculated for Rattus rattus on. Runit to be 162 feet

» for-females and 262 feet for males.A Jackson and strecker (1962) re-
A.ported that the standard diameter for the same spe01es on Ponape
averaged 195 feet for females and 250 feet for males, thougn the popu;
~~lation denSities in grasslands on Ponape were about half those in
Cocos plantations (3,7 vs 7.9 rats/100,000 square feet) (Jackson,
unpublished). That the standard diameter found in this study was
similar and not smaller than found on Ponape subported.Blair_(1953)
rather than Sanderson (1966).
" A1l positive rodents on Runit were captured within a distance equal

to their standard diameter from the sprayed arealand thus were considered

to have been moving within their home range. Data presented here

support Tomich (MS) who found Rattus rattus rarely moved from its home

range and found no ev1dence of dispel51ng roof rats.

Tomich (MS) states that a remarkable feature of Rattus rattus behavior

is its tendency to maintain a restricted home area. The positive animals
of this study, with two excepticns, &ere captured within 75 feet (one— |
half the standard diameter) of the sprayed area (Figure 12); The
exceptions, both adult females (nos. 191L, 2005); were .captured 1L0 feet
- from. the sprayed area, a distance equal'to their standard diameter
- (Figure 12); therefore they were considered to bLe. within their home
range; '

Since food apparently was plentiful on Japtan, according to
Sandersonb(l966) and Wynne-Edwafds (1959), a dense population of rats
with a relatively small home'range was expected. A trap-success of

Ll per cent and a population estimate of 58 rats/lO0,000‘square feet




confirmed the former. The standafd diémeter for Rattus exulans on .

Japtan was calculated as'lhO‘feet:for femaies'and 155 feeﬁ fof“males._
Jaékson_and Strecker (1962) réport popﬁlations of LO rats/ 100,000 |

équare feet in similér habitats‘on.PonapeAto have a stahdérd diameter
- of 85 feet for females énd, as usual, a larger standard diameter of 92

feet for malco. Summerizing, Rettuc ocxulanc in thie study had both

"higher populafion denéities and larger home ranges;thén normally expécted.
My datalsubported Blair (1953). ' |

Japtan had twice the rat populatibnldensity of Runit, but the
percentage of positive raﬁs captured was nearly thefsame (12.8 .per cent
for Japtan; 15 per cent for Runit). Although the percéhiages were similaf,

the average capture distance from the sprayed area (153 feet for Rattus

rattus and L1 feet for Rattus exulans) varied considerably. This

difference reflects the obseryation that the standard diameter of RatEHE

rattus was larger in all cases than Rattus exulans - (Jackson and Streckér,

1962).
RUBIDIUM-IMPREGNATED BAIT

In the grassy, vine—coveréd study area of Biijiri, four of the 15
rats (27»per cent) captured were positive; the capture distence ranged
from‘léS_to 250 feet (Figure 13). Three of these four positive rats
were‘captured,within the stand;rd diameter célculated for thé same species
oh'Japtan and that reported by Jackson and Strecker (1962) for Rattus
exulans in graéslands on Ponape (137 feet for males; 100 feet for females,

Jackson and Strecker,-1962)° Tomich (MS) reported the average diameters

~of Rattus exulans were larger in the cane fields, which cdrresponds with
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thebfindings of Jackson and Strecker (1962). Since the Biijiri study

area was a grass fiei&, the home.range of thése rats should be generally.

larger than the forest rats on'Japtan,'however the small number of

captures of this study indicate just the opposite.

For Engebi, one-third of the positiYe raté (Rattus rattus) were
captured beyond a distance equal to.thé standard diameter calculated
for the same species on Runit. The trépfsuccess‘(35wper cent) was four -
times that.of.Runit and indiéatéé a much highér population denéity on
Engebi. According to Wynne-Edwards (195?), vwho-contends that food is
the primary denéity contfolling factor, this higher rat populatioﬁ was
not unexpécted for an islet of more vegetational cover as Engébi. This.

study finds Rattus rattus to have similar home ranges with differing

population densities, waich directly opposes Sanderson's (1966) concept-

.of decreasing home ranges with increasing population densities. Perhaps

the small number of Scaevola and Messerschmidia bushes (the prime foed. -

stuff of the rats), may account for the larger home ranges in the highly
popdlated areaé.
Rodents with activity centers near the rubidium source might be

expected to consume greater concentrations than otner rodents; there-

fore a correlation between capture distance and -rubidium concentrations.

should be found. Howevef, no such-correlation was found in either.
phase of this study.
In conclusien, the -application of this non-radioactive tracer

technique to animal movements seems to be  feasible, but is not without

. drawbacks. For instance, animals cann6£ be individually marked and
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" must be killed for positive'identifiéétion}A This technique does -have

several advantages, such as the'easé,id héndling”and applying'thef,

7.trécer to the environment. _The ability tolmark ahimals'withqutAcapturé

-

and the accuracy of tracer identification is also to its credit. Before

“this technique can be used most effectively much information concerning.

the physiological properties of rubidium with respecl to plants and .

" animals is needed.




SUMMARY

This study tested the workability of using a trace element to

determine movements of some shall mammals (Rattus rattus and Rattus

—

“exulans). Rubidium, a non-radioactive tracer, was added to the

enVirohment_byla foliar spray and by a rubidium-impregnated bait.

For plants, the uptake rate seemed depeﬁdent upon hydrationAQnd-
evapotranSpiration. The‘rate of rubidium loss in dicots appeared_un-
affected by.h&drétion and évapotraﬁspiration° Monocots teﬁded to retain
abéorbEd‘rubidium concentrations considerably longer than dicots.

In both phases of this study, all rodents were captured either -

within or near the distance calculateq for their standard diameter.'

Although lack of recapture data made it extremely difficult to distinguish |

between dispersion and normal movements, all positive rodents were
thought to have been within their home range.

No correlation between capture distance from the source and rubidium

~ concentrations were fouhd in either phase of. this study.

With respect to previously established marking techniques, this

. non-radioactive tracer technique had several distinct advantages: its

ease of handling, application, and ité definitive identificatién. Some
shortcomings, such as the impossibility of inqividual marking aﬁd )
identification only upon, the animals death, were also recognized. Several
relaﬂed‘studiés ihvolving the characteristiclaffects_6f rubidium on

plants and animals are needed before this technique can be used effectively.
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TABLE 1A

DATA OBTAINED ON 2L FEBRUARY, 1967
FROM ANALYSIS OF RUBIDIUM STANDARDS

. -

37.90

Conc. of standard Per cent absorbance Absorbance
(ppm, by weight) ' ‘
T Trial I 11 Trial I II
0.5 0.L2 0.22 0.0018 0.0010
1.0 0.52 0.55 0.0022 0.002Y
2.0 1.30 1.16 0.0057 0.0050
3.5 2.6l 2.3L 0.0116 0.0103
. 5.0 3.08 2.86 0.0136 0.0125
10.0 5.36 5.20 0.0239 0.0232
25.0 10.98 10.76 0.0505 10.0493
50.0 17.78 17.9kL 0.0850 0.0859
100.0 27.96 27.78 0.142} 0.1h1kL
150.0 33.50 33.00 0.1772 0.1759
200.0 "38.60 38.80° 0.2118 0.2132
TABLE 1B
DATA OBTAINED ON 2L MARCH, 1967
' FROM ANALYSIS OF RUBIDIUM STANDARDS
Conc. of standard Per cent absorbance Absorbance
(ppm, by weight) R -
Trial I II Trial I II
0.5 0.32 0,38 0.001L 0.0016
1.0 0,52 0,62 0.0023 0.0026
2.0 - - - -
3.5 2.10 2.20 0.0092 0.0097
5.0 L 2.76 2.78 0.0121 0.0122
- 10,0 L.92 5.04L 0.0219 0.0225
25.0 10.10 10.2L - 0.0462 0.0L70
50.0° ~17.10 . 17.hb .0.081L - 0.0833
100.0 26.50 25.98 0,1337 0.1307
150.0 33.00 32.66 0.1739 0.1717
200,0 37.98 - 0.2075 0.2069



DATA OBTAINED FROM THE VEGETATION ON RUNIT

TABLE 2

(ANALYZED ON 2L FEBRUARY .1967)

0¥

'Vegetatibn

Unsprayed'vegetation

Collected on 25 July, 1966.

Frimbristylis
Ipomoea
Messerschmidia .
Scaevola
Triumfetta

Weight .(grams) Per cent Absorb. Ppm, by weight. .
: absorb. -ug Rb/g
wet dry dry weight
3.16 1.80 0.00 0.0000 0.0
20.00 -3.50 1.1L - 0.0050 5.l
20,00 3.53 0.28 0.0012 1.3
20.00 3.9 0.70 0.0031 3.
20.00 L.37 0.72 0.0032 3.8

Sprayed_ﬁegetation

Collected on 25 July, 1966

Frimbristylis
Ipomoea
Messerschmidia-
Scacvola
Triumfetta

6.32
20.00
20.00

30.00

20.00

Sprayed vegetation

Collected on 9 August, 19

Frimbristylis
Ipomoea
Messerschmidia
Scaevola
Triumfetta

14.38
20.00

20.00

20.00

20.00

-~ Sprayed vegetation

Collected on 28 August, 1966 (8LO hours after

" Frimbristylis
Ipomoea
Messerschmidia
Scaevola
Triumfetta

9.32
8.77
22.65

17.61
10.67

(2L, hours after spraying operations)

3.82
3.h2
2.9L
3.60
3.75

3.31

3.31

3.65 -
3.25

2.65

L3.13
- 63.28
67.70.
62.04
60,20

50.20
31.52
19.42
LS. Ll
23.76

143.10
31.Lk
. 21.02
L9.92
21.08

0.2451
0.4350
0.L776
0.L202
0.Lc01

0.3028

0.16L)

0.0938
0.2631
0.1177

815.0
1560.0
1930.0
1120.0
1020.0

66 (38l hours after spréying operations)

820.0
360.0
191.0 |
695.0 -
178.0

spraying operations)

' 0.219

0.1639
0.0970
0.3003
0.1027

~ 700.0
374.0
16l.0
955.0
242.0
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TABLE 3

- e e b e N

4

DATA OBTAINED FROM VEGETATION ON JAPTAN

Triumfetta

(ANALYZED ON 2l FEBRUARY 1967)
~ Vegetation Weight (grams) Per cent Absorb. Ppm, by weight.
: absorb. «g Rb/g
wet dry dry weight .

Unsprayed vegetation :
Collect&d on 22 August, 1966
Cenchrus 10.19  3.8L  6.30 0.0283 27.1
Frimbristylis 5.72 2.18 1.82 0.0080 - 13.8
Ipomoea ' 20.35 3.7h 2.08 0.0091 9.4
Lepturus 9.07 L.b6 1.40 0.0061 5.2
Tricachne 7.27 2.15 1.94 0.008hL 13.3

- Triunfetta 3.97 3.L8 1.70 0.007L 8.1
Sprayed vegetation
Collected on 8 August, 1966 (2l hours after spraying operations)
Cenchrus 5.00 3.29  65.10 0.L572 1720.0
Frimbristylis 10.00 3.13  L9.38 0.2957 960.0
Ipomoea 17.58 3.50 69.52 ©,5159 1930.0
Lepturus 9,08 L.h2 31.32 0.1631 277.0
Tricachne’ 7.32 3.6 65.Lh6 0.4616 1570.0
Triumfetta - 15.01 2.93 67.62 0.L897 2140.0

- Sprayed veoetatlon |
Collected on 22 August, 1966 (360 hours after spraying operations)
Cenchrus 7.8L  3.47  69.90 0.521,  1980.0
Frimbristylis 10.12 3,17 52.74 0.325% 1112.0
Ipomoea 16.90 1.90 L9.70. 0.298L 1630.0

" Lepturus 6.11 3.12 38.6L 0.2120 ~ 596.0
Tricachne 16.98 3.67 61.L8 0.h1h2 1342.0

1h.0L - 2.38_ 29.70 - 0.1530 h8h.0




TABLE L

, ,DATA OBTAINED FROM RATTUS RATTUS CAPTURED ON RUNIT
' 31 DAYS AFTER RUBIDLUM APPLICATION
(ANALYZED ON 2L MARCH 1967)

Autopsy Weight (grams) Sex Per cent Absorb. Point of Ppm, by weight

 no. absorb. capture «g Rb/g
wetb dry .. . , dry weight
2043 Li.03 1.26 Q 1.00 0.00L: Bl 8.5 13.5
20LkL 6.36 1.70 ? 1.3k 0.0059 * F1 0.5 12.9
2045 10.61 2.78 2 1.92 0.00,0 E 3.0 5.l
20L6 9.66 2.68 Q 15.80 0.07h7 A 6.5 161.0
20L7 8.82 2.38 ? 3.70 0.0164 F1 9.0 26.L -
20L8 5.92 1.72 Q 1.40 0.0061 D 10.5 13.3
2049 3.73 0.91 ? 1.12 0.0049 ClL 9.0 20.8
2050 7.22 1.89 Q 1.82 0.0080 D1 10.5 16.5
2051 9.17 2.31 d 2.26 . 0.,0115 Fl1 1.5 18.9
2052 6.L5 1.74 S 2.28 0.0100 D 0.5 21.8
2053 9.53 2.h1 d 2.68 - 0,0118 " DL 1.0 18.7
205L 5.35 1.50 d . 1l.h2. 0.0062 E 2.0 16.0
12055 6.Lh9 2.03 ? 1.98 0.0087 Bl 2.0 16.2
2056 g.o, 2.04 4 1.3L  0.0059 F 0.5 10.8
2057 7.89 2.21 ¢ 5.04 0.0225 B 0.5 L2.6
" 2058 6.95 1.81 d 2.92  0.0129 Al 1.5 27.0
2059 8.36 2.07 g 1.5h 0.0068 A1 9.0 _10.
2060  6.85 1.83 d 3.98 0.0176 B} 9.0 37.2
2061 6.7 1.71 d 1.727  0.0075 B 9.0 S 16.9
2062 . L.50 1.21 d 1.20 0.0052 A L.O 15.7
’ ~ 1879 ° L.10 - 1.56 d 2.38

0.0105 - Control - 25.8




" TABLE 5

DATA OBTAINED FROM RATTUS EXULANS CAPTURED ON JAPTAN
.1l DAYS AFTER RUBIDIUM APPLICATION
~ (ANALYZED ON 2l FEBRUARY 1967)

Autopsy Weight. (grams) Sex Per cent Ahsorh. Point of Ppm, by weight

no. : absorb. capture ug Rb/g
wet dry : dry weight-
1912 3.L48 1.07 Q 1.86 0.,0080 Al 1.0 28.2
1913 L.38 1.31 3 - 1.94 0.0085 Al 5.5 2L.h
191L 1.69 0.54 ¢ 1.20 0.0051 Al 9.0 35.L
1915 L.17 1.20 Q 2.36 0.0103 A} 9.5 31.7
1916 L.L7 1.31 ? 2.12 0.0092 A1 9.0 26.7
1917 1.09 0.38 ? 0.36 0.0015 Al 9.5 15.8
1918 1.52 0.49 d 0.30 0,0012 Al 10.5 8.1
1919 1.16 0.36 ? 0.3hL 0.0014 Al 10.5 16.7
1920 2.96 0.91 ? 1.0L 0.006 A 2.5 18.7
1921 L.h1 1.28 3 2.6 0:0107 A 5.0 32.0
1922 30 1.10 d 1.00 0,005 A 5.5 16.7
1923 1.37 0.43 g 0.38 0.0015 A 6.0 13.9
192L 3.22 1.03 ? 1.50 0.0067 A 6.0 2.2
1925 1.25 0.42 9 0.20 0.0010 A 8.0 7.2
© 1926 L.ok 1.15 s 1.06 0.0047 A 8.0 1.8
1927 L.53 1.0 ¢ 1.26 - 0.,0052 A 8.5 14.2
1928 3.2 0.81 ? 0.20 0,000 A 9.5 3.7
1929 3.60 1.07 ? 0.6  .0.0021 A 9.5 6.5
1930  3.76 1.17 J 1.00 0.0045 A 10.0 1.6
© 1931 3,90 1.L8 9 0.82 0.0037 A 10.5 11.3
1932 2.62 0.77 ? 0.32 0.001L4 A 10.5 - 6.5
1933 3.57 0,99 Q 0.28 0,001 Bl 3.5 5.1
193k 3.79 115 ¢ 1.0 0.0047. BL 8.5 1L.8
1935 . 1.22  0.37 g 0.01  0.000L Bl 10.5 5.4
1936 3.28 0.90- ¢ 0.62 0.0030 - B 0.5 13.3
1937 L.l 1.28 9 1.00 0,009 B L.5 " 1L.8
1938 1.45 0.47 s 1.80 0.008, B 6.5 68.5
. 1939 L.95 1.0h ? L.9kL 0.0222 B 6.0 63.0
1940 L.bi2 1.17 ? 1.1l 0.0058 B 7.0 18.8
6.10 1.62 J 1.96 ' 0.,0090 B 7.0

191 21.0




DATA OBTAINED FROM RATTUS EXULANS CAPTURED ON JAPTAN
. 1L DAYS AFTER RUBIDIUM APPLICATION
-(ANALYZED ON 2L FEBRUARY 1967) (CON'T)

TABLE §

Autopsy Welght (grams) Sex Per cent Absorb.

Point of - Ppm, by weight

4.00

no. absorb. «g Rb/g

wet dry weight’

1942 1.67 ? 0.70 0.0033 7.5 2L.8
1943 . L.15 3 0.36 0.0017 8.5 16.2
19LL L.23 Q 1.30  0.0056 9.5 16.1
1945 3.30 é 0.82 0.0038 10.5 16.8
1946 2.93 ? ~1.0L  0.00L6 10.5 19.9
1947 L.05 ? 0.66 0.0031 - 0.5 10.2
1948 L.73 3 1.50 0.0071 2.5 19.2
1949 2.67 d 0.72  0.0033 6.5 . 15.3
1950 0.66 ? 2.52 0.0116 6.5 179.0
1951 L7 ? 20.6L  0.100L4 7.0 54L8.0
1952 3.66 ? 1.96 0.0086 8.0 32.1
1953 3.93 ¢ 1,22 0.0055 9.5 16.9
1954 1.58 d 0.66 0.0030 10.5 23.2
1955 1.48 J 0.56 0.0025 - 10.5 20.6
1956 0.79 S 3.02 0.0133 6.5 194.0
1957 2.06 d 10,1k 0.0L65 7.0 398.0
1958 2.32 d L.LW6  0.0199 7.5 111.0
1959 - 1.67- ? 0.3hL 0.001l 7.5 9.9
1960 3.12 3 0.62 0.0030 8.0 13.8
1961 2.77 J 0.L6 ~ 0.0021 . 8.0 10.1
1962 1.92 d 1.50 0.0061 8.5 L2.7
1963 L.09 3 1.00 0.00LS 9.0 o 1h4.7
196 3.25 J 0.76 0.0035 9.5 . 12.6
1965 b.33. s 1.24 0.0053 9.5 - 16.5
1966 3.53 é 0.6l 0.0029 10.0 10.7
1967 L.26 g 0.88 0.0039 3.5 ©10.9
1968 1.61 g .3.82 0.0171 5.5 . 129.0
1969 - L.OL g 2.L0 0.0113 7.0 38.6
1970 . 3.61 J 1.54 0.006} 8.0 22.2
1971 ? 1.60 0.0070 8.5 22.hL
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. TABLE 5

DATA OBTAINED FROM RATTUS EXULANS CAPTURED .ON JAPTAN
: . 1L DAYS AFTER RUBIDIUM APFLICATION
(ANALYZED ON 2l FEBRUARY 1967) (CON'T)

Autopsy Weight (grams) Sex Per cent Absorb. Point of Ppm, by weight

fao. absorb. capture ug Rb/g
’ web ary - : dry weight .

1972 L.33 1.26 3 1.86 0.0082 D1 9.0 2L.6 - -
1973 Lh.62 1.20 4 1.58 0.0068 D1 10.0 20.0
1974 2.97 0.88 é 1.40 0.0063 D1 10.0 ¥27.4
1975 1.7 0O.L3 J 0.32 0.0013 D1 10.5 11.6
1976 3.58 0.98 Q 1.04 0.0045 D 2.0 17.L
1977 3.69 1.0L J 1.00 0.0043 D 2.0 15.4L
1978 5.01 1.47 Q 0.98 0.0043 D 3.0 10.9
1979 3.75 1.00 ? 7.60 0.03L3 D 5.0 150.0
1980 5.59 1.53 S 1.90 0.0083 D 6.0 21.0
1981 3.39 1.04 s 1.70 0.0073 D 6.0 27.0
1982 2.57 0.81 J 16.16 0.0796 D 6.5 565.0
1983 L.08 0.99 ¥ 1.80° 0.0081 D 7.5 31.3
198l 2.09 0.6L d 0.hh 0.0019 D 7.5 12.5
1985 1.25 0.38 ? 0.22 0.0011 D 8.0 10.6
1986 L.L2 1.33 Q 1.00 0.0039 . D 8.0 11.3
1987 5.9k 1.55 ? 1.72° 0.0043 D 9.5 - 11.0.
1988 3.6l 1.04 ? 0.82 0.0039 D 9.5 14.5
1989 2.62 0.80 J 0.90 0.0038 D 10.0 18.7
1990 5.6l 1.43 ? 2.02 0.0090 D 10.5 - 23.8
1991 1.04 0.32 s 0.32 0.0016 D 10.5 18.8
1992 L.61 1.07 Q 1.10 0.0054 E1 L.O - 19.6
1993 2.25 0.61 s 0.32 0.0014 EI 5.0 8.2
1991 3.79 1.03 g 0.56 0.0026 El1 5.% 9.8
1995 2.77 . 0.85 ? 0.36 0.0017 E1 6.5 7.1
1996 2.69 0.79 ? 0.3 0.0015 E1 7.0 7.6.
1997 3.36 1.09 ¢ 0.40 0.0018 E1 7.0 6.4
1998 3.89 1.10 S 1.48 0.006L E1 9.5 21.8
1999 . 1.89 0,61 ? 0.50 0.0023 E1 9.5 13.1
2000 - 3.02 0.79 Q 0.58 0.0027 E1 10.0 11.3
3 J 1.00 6.0 16.8

2001 .75 1.07 - 0.00L47 E




TABLE 5

" DATA OBTAINED FROM RATTUS EXULANS CAPTURED ON JAPTAN
- : 1l DAYS AFTER RUBIDIUM ADPTLICATION
(ANALYZED ON 2l FEBRUARY 1967) (CON'T)

Autopsy 'Weight' (grams) Sex Per cent Absorb. Point of Ppm, by weight )

no. " absorb. . capture «g Rb/g

. wet dry , . ) dry weight
2002 3.12 0.90 ? 0.56 0.002L4, E 7.5° 10.0
2003 1.22 0.39 Q 0,20 0.0010 E 8.0 10.3
200} 3.49 0.94 Q 0.92 0.0046 E 9.5 18.2
2005 L.36 1.25 Q 18.20 0,0879 E 9.5 L25.0
2006 2.6L 0.77 ? 0.01 0,0005 E 10.0 . 2.6
2007 L.70 1.28 3 1.2 0.0066 E 10.0 19.5
2008 0.96 0.29 J 0.20 0,0011 FI 3.5 13.8
2009 3.77 0.08 g 0.92 0.0042 FL 5.5 1.8
2010 - 3.33 1.0 9 1.50 0.0067 F1 6.0 25.0
2011 1.07 0.35 d 0.30 0.0013 F1 8.0 1.3
2012  1.26 0.LO s 0.36 0.0017 F1 8.5 14.9
2013 . 1.9 0.h6 - & O.hLk 0.0022 Fl1 9.0 17.3
201Y 3.97 1.11 d 1.80 0.0072 TFl1 9.5 25.2
2015 3.76 1.10 S 1.3hL 0.005L4 F1 9.5 19.2
2016 3.77 1.07 d 1.22 0.0050 F1 10.0 17.7
2017 3.80 1.12- & 0.78 0.0033 Fl1 0.5 11.6
. 2018 "3.68 1.04 J 0.7h 0.0030 F 3.5 10.6
2019 3.33 - 0.92 g, 0.76 0.0032 F L.5 13.1
2033 1.31 - 0.LO g 0.2 0.0019 ¢ 5.5 19.8
d 2540 0.1370 Control 507.8

1878 L. 1.88




TABLE 6

DATA QBTAINED FROM RATTUS EXULANS CAPTURED ON BITJIRI
" i DAYS AFTER BAIT PLACEMENT
(ANALYZED ON 2l MARCH 1967)

Alitopéy Weight (grams) Sex Per cent. Absorb. Point of Ppm, by weight

no. absorb. ' capture ug Rb/g
wet dry , ' dry weight
2113 3.66 0.99 4 L8.L6 0.2878 6 N 2930.0
211l .39 1.12 Q 0.86 0.0037 10 N 12.5
2115 3.58 1.18 d 5.92 0.0265 6 W 93.5
2116 4.20 1.01 J 0.78 0.003L S W 12.0
2117 3.33 0.88 d 0.74  0.0032 10 W 13.6
2118 5.03 1.39 g 1.60  0.,0070 9 W 18.7
2119 .86 1.36 9 0.90 0.0039 8 W 11.0
2120 4.26 1.17 Q 1.98 0.0087 7 W 29.2
2121 7.29 2.03 Q 1.88 0.0082 8 S 1kL.9
2122 3.26 . 0.87 Q 1.50 0.0066 10 S 28.9
2123 - 3.56 0.9k ? 0.72 0.0032 58 12.7
212l 3.30 0.87 Q 1.18 0.0051 L E 21.9
2125 2.2 0.63 Q 6.28 0.0282 11 E 191.0
2126 b3l 1.19 d 53.68 0.3342 7 E 3L20,0
? " 1.22 0.0053 8 E 12.6 .

2127 ~ 5.51  1.58

2128 2.75 0.3 4 0.82  0.0036 Control 20.6
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TABLE 7

DATA OBTAINED FROM RATTUS RATTUS CAPTURED ON. ENGEBI
2 DAYS AFTER BAIT PLACEMENT
(ANALYZED ON 2l MARCH 1967)

Autopsy- Weight (grams) Sex Per cent Absorb. Point of Ppm, by wéight

no. absorb. capture ug Rb/g
- wet dry : dry weight
2086 7.10 1.9k d  1.32 0.0058 13 N 11.3
. 2087 L.91 1.37 d 2.32 0.0102 5N 28.h
2088 5.19 1.48 d 2.L6 0.0108 2 N 27.8
2089 4.23 1.2k g 2.32 0.0102 6w 31.5
2090 7.35 2.4L2 d 53.30 0.3307 11 W 1190.0
2091 5.88 1.87 g 2.00 0.0088 38 18.1
2092 6.29 1.6l d 2.30 0.0101 98 23.8
2093 7.98 2.2 d 2.50 0.0110 13 s 18.5
2094 6.50 1.87 d 2.5L 0.0112 14 s 23.5
2095 1.18 0.3l d 1.00. 0.00LLk S E 50.L
2096 8.85 2.1 d 2.L0 0.0106 6 FE 17.0
2097~ L.68°  1.25 d 2.00 0.0088 *~ 10 E 27.0
2098+ 6.05 1.59 ? 2.00 0.0088 11 E 21.h
2099 L.86 1.32 Q 1.36 0.0059 1L N 18.3
2100 5.50 1.76 ? 63.56 0.L38L 1w 3020.0
2101 5.72 1.98 ? 53.7h 0.3388 3W 18L0.0
2102 8,00 1.97 ? . 2.98 0.0131 10W 25.L
2103 S.11 - 1.LhbL ? 6.94L 0.0313 18 97.5
210k g.hh 2.13 ? .2.00 0.0088 83 15.9
2105 5.72 1.5L ? 1.6k 0.0072 . 11 'S -17.5
2106 6.6L 2.00 3 10.L0 0.0L77. 15S 130.0
5.12

~17Lh 1.L0 d 2.50 0.0110 ' Control 2742
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FIGURE 3

A VIEW OVERLOOKING THE RUNIT STUDY AREA SHOWING THE GROUND COVER
OF FRIMBRISTYLIS ATOLLENSIS WITH PATCHES OF
IPOMOEA SPP. AND TRIUMFETTA PROCUMBENS

FIGURE 2

AN AERTAT. VIEW OF RUNIT ISLET SHOWING THE GENERAIL COVER VEGETATION
WITH SCATTERED MESSERSCHMIDIA ARGENTA AND SCAEVOLA FRUCTESCENS




FIGURE 5

A SECTION OF THE LUSH FOREST VEGETATION WITHIN THE
JAPTAN STUDY AREA SHOWING THE SPRAYING OPERATION

FIGURE L

A DISTANT VIEW OF MESSERSCHMIDIA ARGENTA AND SCAEVOLA FRUCTESCENS
ADJACENT TO THE COCOS NUCIFERA FOREST OF THE JAPTAN
ISLET WITH SCAEVOLA FRUCTESCENS IN THE FOREGROUND




FIGURE 6

A VIEW OF BIIJIRI ISLET OVERLOOKING THE SITE OF BAIT PLACEMENT
SHOWING IPOMOEA SPP. WITH SCAEVOLA FRUCTESCENS AND
MESSERSCHMIDIA ARGENTA IN THE BACKGROUND

FIGURE 7

A VIEW OF ENGEBI ISLET OVERLOOKING THE SITE OF BAIT PLACEMENT
SHOWING IPOMOEA SPP. AND PLUCHEA ODORATUS WITH SCAEVOLA
FRUCTESCENS AND MESSERSCHMIDIA ARGENTA IN THE BACKGROUND
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FIGURE 8. THE ABSORBANCES OF THE RUBIDIUM STANDARDS CONTAINING 0.1% NaCl.
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RUBIDIUM CONCENTRATIONS (PPM) OF THE SPRAYED PLANTS
COLLECTED FROM THE RUNIT STUDY AREA
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RUBIDIUM CONCENTRATIONS (PPM) OF THE SPRAYED PLANTS
' - COLLECTED FROM THE JAPTAN STUDY AREA
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SUMMARY OF CAPTURE POINTS WITH RESPECT TO STANDARD DIAMETER OF RATTUS RATTUS COLLECTED
‘ FROM RUNIT ISLET, 31 DAYS AFTER FOLIAR APPLICATION,
SHOWING POSITIVE AND NEGATIVE TESTS FOR RUBIDIUM
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FIGURE 12

4~ SUMMARY OF CAPTURE PCINTS WITH RESPECT TO STANDARD DIAMETER OF RATTUS EXULANS COLLECTED
o FROM JAPTAN ISLET, 1L DAYS AFTER FOLIAR APPLICATION, SHOWING
POSITIVE AND NEGATIVE TESTS FOR RUBIDIUM
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SUMMARY OF CAPTURE POINTS OF RATTUS EXULANS COLLECTED FROM BITIJIRI
ISLET, FOUR DAYS AFTER BAIT PLACEMENT, SHOWING
POSITIVE AND NEGATIVE TESTS FOR RUBIDIUM
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