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This 15 a preliminar~ review of herbivorous mammals in 

scwtheastern Idaho. This seolo5icall~ and Seo~r32hic311~ 

u r. i C~ u e 2- T' e ":;, [.oJ a i' \' a i"! t.. "=.'" e :-: t ,=' n s i '/ e :: n d de t. ":: i 1 '2 d '2'::; 0 I c· ::=: i c a :I. 

K~owle5e of the mechanisims of primar~ ecoloSical 

sUC2e5sio~ snd the int..2rde?e~da~ce between the plants and 

animals in each of the vesetational communities are critical 

for mana~ement and preservation programs. 

pro ~.; en,: (2 0 f s i:-: Las 0 ITI 0 r phs pee i e ":;" ~ a Ii d f 0 u r t '2 e Ii l' 0 den t 

The lat.est st.ud~ of plant communities in the 

Monument. discrib2s twont~-six separat.e communities. The small 

cachins mammals ma~ extend the l'anse of various species of 

plants b~ dispersing the seeds of that species, or the~ ffia~ 

influ~nce the species' viSor b~ srazins or browsins. The 

pre~ence of dusks-fuoted woodrat~ and mountain cottontail is 

probabl~ a result the interaction between the two mammals7 the 

rock~ substrale and the vesetalion. The pika cQlon~ is 
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1 i.? 1 .. / a f i ~7! 1 d '.~. Certain other s?scies cornmcnl~ found en the 

Snrlke Rive~ Plsin such as ardis kansaroo rat, and sasebrush 

va12' are absent from s~mi13r habitats at eRMO. 

pl~n~ cornmunltLes to?os~aphs, 50il and substrdte 

~nd herbiverous mammals at CRMO. 

Cu~~ent lit,8~a~ur2 resa~d~ng CRMO ecclos~ is limited 

previous paper publish8d was EgSler's original pa~er in 1941. 

~eneral is also Quite limited 50 the remainder of the P3pers 

that I have u~ed are the results of studies of similar 

habitats in other areas. Sagebrush h~bitats and Douglas-fir 

hab:i.tat;:; ha· ... ·e been studied for management purFO';;e'5, so therE.' 

is some literature available, but bitterbrush, limber pine, 

and l~va flows have hardl~ been studied at all for their 

plant and mammal populations. Most of the published work that 

I found dealt with the managerial aspects of the communities. 

Sagebrush and grasses have been studied for their potential as 

l'anSe for domestic stock and Same species, and the effects of 

fire have been the im?utus for a Sreat deal of these studies. 
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The Dou~las-rlr for0st IS i~portJnt as a lumber resource, and 

the ePf2i~ts of 18~sin~ and re-seedinS operations have been 

~5t.;jd:~ed if"; "5F!".}E';".;l lcc=:"t.i(Jn':;.+ 

Crstars of the HGCG Na~ion21 Monument (eRMO) is 

north e~d of th2 monume~t extends ~rom the northern edSe of 

P~on2er R2n~e (a ?ortion of the ~r3nitic intrusion which makes 

the E~tire northern part of the state). 1 '-.1' -', .... 
.j. .;:.'., .:-.;.::: 

of the SRP cover the southern portion of the state from 

Wsomins to OroSen alonS the Snake River to a width of 

The flows r3nSe in adQ from 2,000 to 

15,000 ~0ars old near the Great Rift (Kuntz9 unpublished 

1985). East and west of the monument the lava is older, and 

it increases in aSe with distance from the Great Rift. 

estimates that the oldest lava beds, within 100 km of the 

monument, are 200,000 S8ars old, and lava further than that is 

500,000 ~ears old. This northern limit of the hish, cold 

desert of the Great Basin is unusual for its relative ~outh 

and for its volcanic oriSins. The severel~ arid climate and 

shDrt Srowing season have, however, accelerated seasonal 

and 5upressed successional changes much the same as 

the rest or this desert area. There is so little successional 

chan~e that the ffi@ch2nisims of succession and commuinit~ 
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chang~ d~e vers difficult ta separate from the effects of 

chan~es in climata. 

since the last ice-2~e, 2pppoximateis 18~OOO sears before 

~ll the pls~t communiti~s in the Great Basi~ have 

-. r'. ,'-, =.! J:~ 

The volcanic 3ctivits in the area of eRMO has 

':', .j :~; .;:;. ~" '::. 
,'-.. ;. 
'-' : 

reck, t~~ the develQP~2nt of the plant ccmmunit~ does not 

nec~s5~rils pro~ress through seral stages to a climatic climax 

I,: c: III i'fI i..J i'l it:" :,i • 

The present theories indicate that new lava at CRMO 

should take 15,000 sears to progress from bare rock to 

sagebrush ste?pe, and that the entire area will be covered 

This does not take into 

account the following facts: 1) eruptions have occurred in 

cscles of 2Pproximatels 1,500 sears so that in 15,000 sears 10 

eruptive cscles mas occur to produce new landscape. 2) 

Climatic changes in the Great Basin have been significant in 

time spans less than 1/10 th of that time. 3) The accepted 

lTi a ~,: i ITIU rn d u T' a t ion f 0 T' a n ':~ S e 'f' a 1 s t a s e i s 500:) '::l e ,; r s ~ and i f no 

cumulative, directional change occurs within that time, a 

dominant assuciation is said to exist. 4) Herbivores within a 
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;;;0;] 1 T '::: t ~., I::> ·1.· ... pro~r2ssion of that seral sta~e, 

sometimes thi~ means that the~ prevent the plants of the 

succe~dln~ stage from becomins established. 

C12~~t=.~1 ~hearies of succession prOP0se that p13nts 

, ...... p 
_, i iJt·her t.c 

lccal envi~onment (relas flcristics)~ or throueh their 

div~s\on of the available resources (=omp~tition). 

sta~os develop and projr9~s into ne~ communities throu~h the 

2S the cli~ax comm~nits in that habitat. In deserts this is 

often the first communit~ that becomes established (initial 

floristics), Succession is arrested in the initial seral st~Se 

because of the harsh climate. The effects of intermittant 

dominant communit~. 

[esler (1941) predicted that the entire SRP would have 

sagebrush as the climatic climJx community, but this ma~ not 

b~' the case. The various plant communities are lerSely able 

to maintain themselves throu~h competition and throush their 

interactions with the mammal herbivores at the monument. 
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in 1911 b~ W.A. Eggler, and tho other in 1985 bs T.A. Das. 

Eggler tried to corr~late evers aspect of his data with 

pr~limin2r~ studs of t~e ve~etation whi=h ma~ be ~s2d 25 a 

base for studies of chanse. Da~ provid2s us with a fairls 

detailed map of the plsnt ca~munities in the area bs definin~ 

, .. i! 

Cinder gard2ns and exposed lava flows, 

sasebrush/grassland (Ar~pmp~~~ spp./perennial bunch grasses), 

and Dou~las-fir (P5ucdot~u~a menzesii) forests. Nor eli ·3 b Ie 

egaphic association has been discovered which exclusivel~ 

limits the rang~ of these groups, but there is a wide range of 

lava formations that mas affect the distribution of plant 

species in this area. Explainations for the range and 

abundance of these groups have relied upon theories of 

succession, but, like the other explainations, no consistant 

pattern can be found. 
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Cinder sardens are exposed cinder beds, usuall~ on the 

The '::- e ITi B :~ ' .. --LI t:} the same tspes of communities which 

cc~e~ed the cones scon aftar the 13v3 coolsd. 

also mC5tl~ bare. The surface of th2 flows support onl~ 

lichens7 but ther2 are ffian~ species of plant that col~nize the 

c~~cks .3nd crevices 4hich interrupt the flo4 surface. The 

able to live in the c~evices seem + ,~ 
• •• ·t •• • 

1941). Flo~~ that are older than 15,000 years have accumulated 

enouSh soil that the entire surface of the flow may be thinl~ 

covered. In areas such as these the Artpmesia/srass community 

dominates, and it is the old flows of the SRP, covered with 

thick stands of Artimssia, that seem to indicate that this 

cCl'TI:TIunity will dominate throushout the mOfJlJment as well. 

Th~ Artimesia/gras5 ~roup varies considerably from 

place to place. Artimesia trirl~ntata is common throughout, 

but there ar~ many different species of bunch-srass that may 

dominate the understory. The dominant grass varies from site 

to site. Arno and Gruell suggest that these grasses were the 

dominant community before the influence of European man, but 

there are is little known in this ar2a. 

1 
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CQn~fe~s Src~ in mans areas of the monument. Pinus 

flp~i]is cum~unitles grows in several larse patches and almost 

exclu;ivels with Pl~~shia tridentate, but Psuedotsu~a menzesii 

fcrests seem to be found in association with s~ow~err~ and 

T:~i F:L!:: 1 
HERBIVORES AT CRMO (From the species list for CRMO) 

L.1;GD~iDF:?HS 

WHITE-TAILED JACKRABBI~ 

~:~NOtJ:~HOE Hl;EE 
BLACK-TAILED JACKRABBIT 
M~UNTIAN rOTTONTAIL 
j="YC::hY' F:~':E~E"~~T 

YELLOW-BELLIED MARMOT 
GOLDEN-MANTLED GROUND 

f,;GU I F\F:EL 
LEAST CHIPMUN!< 
YELLOW-PINE CHIPMUNK 
~-;;ED SQUIF:F:EL 
NORTHERN POCKET GOPHER 
GREAT BASIN POCKET MOUSE 
WESTERN HARVEST MOUSE 
DEEF~ MOUSE 
BUSHY-T~ILED WOODRAT 
MOUNTAIN VOLE 
LONG-TAII.ED VOLE 
WESTERN JUMPING MOUSE 

Orhntona p~inC9PS 
I :'.:'l'="'~'~~. t.:"1U;-j';:::.end:1. 
I...e~:.·:.i·:=. alT:!:?·i'i:~.::::nt.J·=. 

L. p. ~. : .~ '.~. c .:=: !. ::. ,.' ::t ~ n 't r:: f .• ! ';::. 

3'.:~1'·.}~.1,::··=?'~·= nu+ ... ~~~ J. "-
Brachsla~~s idahcensis 

Marmota flaviventris 
Spermophilus lat2ralus 

Eutamais minimus 
Eutamais amo~nus 
Tamiascurius hudsonicus 
Tbomomys talpoides 
E'i~ro::?nat.i!lJs par'·,11.J.5 
Rpi+b~ndnn~QID~~ IDeS~Jn~i5 

Perom~s.clJs /TI?pi f"!jI?tlJs. 
NecJtomi'l cenpri<:. 
Mi~rotus montanlJs 
Mirrotus lonSic3udis 
Zar-'us. princep~.:; 

No detail2d surV2~ Qf the mammals at eRMO has been 

made, but there is a short list of species which ma~ be found 

on the iTlOCllJment. Some small mammals are associated with a 

sin~le plant communit~, but the maJorit~ of them are found in 

several (Bert and Grossenhcider, 1964). The herbivores are 

listad in Table 1. These animals consume seeds, fruits, 
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leJves, bark, and stems of (specific?) plants in their 

habatat. and in this mammer the~ ma~ supress, stimulate, or 

disperse the plant. Onl~ a few of these interactions have 

been stlJ~12d and fewer still have been correlated to the vi~~r 

I believe that in 

no~ li~ited to the 

Indirect eff2ct~ of the subst:ate en ans vertebrate 

predators or dispersers mas also have a sisnificant effect en 

dispersal and vi~or in certain plants. Small rode~ts such as 

the seeds of shrubs and conifers in subterraneran c3ches. 

Rodent caches are tspicalls of pra~er depth and in an optimal 

site for Sermination, and, if left unrecovered, the seeds are 

avilable for germination and Srowth. Herbivores mas depress 

the rate of succession os preferrentialls feeding on the 

climax species or bs stimulations the growth of members of the 

d:i.s-cliITla:·: ':;'0 that seedling·:;. are e::cluded. Neither the 

dependanco of the plan~ upon its mammalian associates nor the 

successional results of these associations have been studied 

in more than a handful of cases. 



C:IS~~USSIGN 

8ui~e ~ lot of bare volca~ic material around and oe~~een the 

The cinder gardens are 

nearl~ completel~ bare of vegetation in ever~ seBson except 

earls sprin~ when the ephimerals Srow and reproduce. 

the spring, but thero is 50 little cover,even in the sprinS, 

as pathwa~s b~ the deer movins through the area (Griffin, 

unpl.Jb 1 i s-hed) • 

The lava beds are ver~ sparsel~ populated, and the 

plants that are found here are limited to places where soil 

can accumulate. There are no mammal studies for habitat such 

as this, but casu~l observations reveal populations of pika 

(Ochotona princeps), marmot (Marmota flaviventris) in the 

jumbled areas of the broken flows. These animals are usu311~ 

found in rock~ areas at hisher elevations, so their 

reauireffien~s ma~ be dependant upon the substrate 

characteristics rather than the plant communit~ 

characteT'istics. BU5hs-tai10d woodrats (Neotoma ceneris) are 

also cOffimonl~ seen on the lava flows, and their sign is 

limited to those areas in and immediatel~ around the lava tube 
Ie 
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LIMBER PINE/ANTELOPE BI~~~RBRUSH 

Das (1985) lists Purshia tridentata in five separate 

assucisticn ~om?riscs over hslf of t~2 vesetative covel' at 

eRMO. P~rshia is known 25 a pre g erred browse for mule dger 

P. flpxil15~ ho~ever, has little economic value 

What little 

is known about this tree comes from studies of .; .~ .-' 
..:. ..... ::. 

im~crt3nt interaction between these two species. The 

from environmental extreems,and allow the seedlinS to become 

established in harsh areas bs actins as a nursers tree. The 

~rowin~ Purshia fixes atmospheric nitrosen into orsanic 

amfllon i UITI. The 31T1rnmoniurn provides a source of nitrosen for the 

pine. NitroSen is not found in sisnificant (;luantitie':; in 

lavaCESSler7 1941), but it is a necessary element for plant 

Srowth (Barbour et al., 1982). Humphrey's studY of plant 

succession after fire in Artempsia-Srass habitats (1984) found 

Purshia srowins in all stases of plant succession, and not 

associated with any specific stage or shrubby plant type. 

Pllrshi~ in high vigor may suppress seral change. Peek 

and others (1978) find that moderate browsins by O.hemionu5 

1\ 
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incr~ased twi~ production in PIJrshia and preve~t other shrubs 

from becomins established because their heavs ~rowth prevented 

the ~onder8s2 pine/Po triJentJta communits ot pro~rES; to P. 

Rcdent~ com~onls associated with the P. 

Ther deer mouse is such a ~reat consumer of Purshia seed that 

mana~2rs have used several rode~ticides tu prevent them from 

harvestin~ seeds planted duri~~ re-vesetation ppojrams 

(Eve~ett and Stevens, a natural h2rvestin~ 

rodents and the lar~e population of mule deer at eRMO (x=450. 

Literature reSardins the small mammmal populations in 

plant communities similar to those at CRMO is limited, and 

concerns primaril~ the Artemesia and Psuedotsusa communities. 

The Ar~~me5ia complexes are the dominant plant communits on 

the SRP, and it would appear that it should dominate CRMO as 

well. 

There is some debate about whether the Artemesia 

specios are the historically predictable dominants, or whether 

the bunch-srasses deserve that title. Wells (1983) postulates 

that the bunch-srass~5 mas become dominant in areas where the 

J1 
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c~2le of infreQuent fires (ca. 40 ~ea~ intervals) has not been 

eliminated throuSh human influence. Where there are no fires, 

Artemesia species are dominant, and most of the recent 

res;· e ·s r c h 0 n Art .. :i 111';' :: i ·s co If I lTl 1_: nit t E' s· i·;:: for 

ha~tta~s are included in most studies. Freauent fires favc~ 

. , 
T .. tJ iJ ~:: 

best i~ areas which hava be~n burned in 25-30 sear cscles 

Ve"s few studies have been done on undisturbed sites 

l~ nrte~esia habitat, bwt there are several wnlC~ discuss the 

2h2n~e in rodent ?o?ulation in the ~e2r~ succeedin~ a burn. 

The earls rodent studie~ in Artemesia ha~itats were done 

c 0 I~I fillJ nit i e·::· \ . , 
i..,10 rf.,)2 T"t~(.'l pine 

.. r', .... , 

upon the results of studies like Beck and Vo~l!s observation 

of small rodents in several seral stases of brush prairie in 

Minnesota (1970). Two species of Perom~scus (P.leucoPu5 and 

P.maniculatus), a red-backed vole (Clethrionom~s ,apperi) and 

the thirteen-lined Sround s8uirrel (Spermo?hilus 

tft~d~r~mlinpatus) werecausht in the various seral stases, and 

,while the total number of animals caught did not varu 

significantl~, the relative abundance of these spwcies 

differed markedl~ from one seral stage to another. 

Control area'':;, unburned for over 35 ':lears, showed 

highest numbers of C. Sapperi and P.leucopus while numbers of 

F' • ITI .:~ r·, I I,~ I ! : 1 +. II <:;. and S. t rid e c e ITI 1 i n e3 t IJ S W ere S rea t est ina f' e a s 
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with fr9GueGt and/or recent burns. Except for P.maniculatu~, 

thEse sP2cies arc not known to occur at CRMO, but there are 

other vol?s 3nd sround ·=.c~uirrels ?re·:=.en"t. which mas e;;hibit 

similar preferences. 

McGee (198:) shows similar results from a W~omin~ 

Artemesis site where burns in different seasons we~e studied. 

n. (;1 n t..=.: :11.: -::;. and E. min i IT! U S pop u I a t ion .::. we l' ere due e .j 5 e <.J ere I ,:::!, and 

C.s3Pp~~i was eliminated entirel':::!. He suSsests that 'Species 

with rather specific niche re8uir2ments C3~not sustain 

+ .... ,1 'I 
• ",.", ! •. 1. t:eC·3u~·e cf 

Some Idaho sasebr~sh mammals have been studied 

recentl~, and the Idaho Nationdl EnSineerins Lab (INEL)is 

responsible for most of that work. The studies of small 

mammal populations in Artemesia have been conducted bs INEL 

staff on the 600 sa mi reserve that the lab boundaries create. 

Two of the the six species of lasormorpns that are 

found at CRMO have been studied bs this Srcup. Mountain 

cottontail (SylvilaSu5 nuttalli) freQuents the rock pile areas 

near bush':::!-tail wcodrat (Neotoma ceneris) dens where there is 

sufficient cover. Black-tail Jackrabbit (Lepus californicu~) 

and p~sm~ rabbit (Brach':::!lasus idahoensis)were also observed on 

the site, but net in the vicinit':::! of the woodrat dens (Johnson 

ar·pj Hans.en, 1979). B.idahoensis populations were anI':::! 

obsarved at distances sreater than 5 km from the den sites. 
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populations In the immediate vicinits of the dens because, as 

White e~ al. (1982) point out, the rabbits forage preference 

f D r ~ h \/ as':! ,'3 n ,:;:: v 2: r i :;? sat the P 0 :=. 'J :!. ·3 t ion 1 eve 1 ,. T h Q 

understanding of wintering sheep and mule deer range 

m~le dee~ p:efer the subspecies vaS~3na, but that this d~d not 

The most recent stud':! available from INEL covers the 

1n 5imila~ habitats Jt eRMO. P.maniculatus was the most 

common, followed bs Dt~~dom~s o~dii, in both t~pe5 of habitat. 

Both were most common in the crested wheat-grass site. The 

vole (M.montanus) was found almost exclusivels on the grass, 

the J u 1(1 pin g ITI 0 U '.:; f? (F' a T' I .. : g nat. h u 5 1"-' a r v I.J s) pre fer r e n t i all sin t h 0:' 

grass, and the onls pocket gopher (ThomolTl':!s talpoides) was 

capturod in the grass area. Conversls the sasebrush vole 

CLasurus curtatus) and least chipmunk (E.minimus) were found 

onls in the sagebrush. 

The appearance of D. QT'dji, T. talpoides, and L. 

curtatus in areas of similar vegetation, and in close 

proximit~ to eRMO suggest that these species should be 

monitored closels. Their utalization of the sasebrush and 

" 
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grassland habitats on the basalt lava flows mas be a m92sure 

the area of the rift. 

DCUGLA8-~IR FOREST 

to fsi;'ls ~ma!l sections 0 9 cinder cones and creek csnsons in 

the northern end of the monument (D2S~ 1985), but, because of 

the economic impol'tance of the tree~ man~ investi~ations of 

that disturbeJ areas have decreased nu~oers of certain Vales 

fl~in~ sQuirrel and snowshoe hare were eliminated by the 

disturbance, but individual O. princeps and N. ceneris were 

found onl~ on the disturbed areas. 

The increased population of P.maniculatus on disturbed 

site-::- caused much concern allion th(~ lUlTlfJer interests durin~ 

reforestation projects because the mouse harvests and stores 

large Quantities of conifer seeds. P. maniculatus consume 

200-300 dou~las-fir seeds per ddS in the laborator~ (Ahlsren, 

1966), and larse stores of seed remain in the soil after 

logSing !nd/or burning which is still available to the rodent 

population. Re-seedin~ projects eQuId be severel~ damaged b~ 

this activit'::;t, Abbott and Quink (1970) further established 
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t~e potential distructiveness of the deer mouse b~ documenting 

P,7.l P'-:)IT,'o:!·;::.C'.l·='·, This means lhat therewould be fewer seeds left to 

Sermin3te and that P. menzesii will take lonser to become 

The rodents were blamed for the fail~r9 of 

re-f~r~st2tlcn proJects~ but it W6sn't until 1~7c that the 

3ctual h3ryestin~ efforts of thes2 mice were studied. 

(197'7') paper studied cachins , . 
iJl::;~ fTllCe when 

wer2 broadc~st rather than supplied from tr2~s. 

into the establish~d patterns of rodent use in successional 

The C' 0 ril :11 '.1 ri :i. •. \:i n./:o _. I spruce and fir (Abies and 

Pices species) does not grow in or near CRMO, howe~er the 

patterns of use are Guite similar to studies of P. menLesii. 

Populations of P.maniculatus, E.rudificaudis, Z.princeps, and 

C.ffi2Pperi in areas of forest that have been recently burned 

fellow the patterns described for the other sites. For the 

first ten sears after a fire, vole,chipmunk and Jumpins mouse 

populations are very low,and deer mouse populations are high. 

The middle age (11-79 year) stands showed increases in 

chipmunks and Jumping mice but these dropped again after 80 

\:Iears. The deer mouse population dropped in the middle years? 

but, surprisinSly~ increased after the 80 year mark. C. 

Sapperi started with no individual present in the carl~ 
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stages, but the population rose gradu3ll~ throushout the 

maturation of the forest to a maximum in the oldest stands. 

riel~s a~d cind~r cones of CratErs of the Moo~ National 

Monument in southern Idaho, but we can m3ke some predictions 

based UPGn studies of similar habitats in other areas. The 

soun~e~ areas with the most roc~ exposed ma~ be used bs 

(~ 'P" t. ~. ~: !~.~ j .~ 

N "'" C i~ f"I i? TO, i ':::. ,3 n d S .. n I .. : -r .. T. ? 3. I i. .:. Til e~· e ;'" W (J '=:.:=- e c i ,2'~ eft.. e n C) c C ~J P ':::! t ill=: 

B.idahoensis is vers closels tied to the 

characteristics rather than subspecies or species 

characteristics. 

The Art~mesta communits is developins on lava flaws an 

extremel~ slow rate, if at all, due to the slow accumulation 

of s.oil. The communities in these parts of eRMO provide an 

ideal place to monitor the effects of changinS substrate upon 

plant communities (from rDck~ to sparse veSitation to thin 

soil to deep soil/closed canop~). 

Pocket gopher (T.talpoides) has been observed at eRMO, 

but other fossorial mammals (badgers, L.curtatus, D.ordii) 

that occup~ similar communities in the surrounding lava plains 

have not be2n found here. The maturity of a communits also 
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The earl~ stages of 

a communits development, for example directls after a burn, 

support mouse species and sround sGuirrels <P.maniculatus, 

S.armatu~, S.townsendii), while mature shrub and grass 

species, ~ras5hQP~e~ mice, laSomor?hs (Lepus c31i¥o~incus 

chipmunks (E.minimus, E.rudific3udus). 

Mature conifer forest is where redbacked voles 

;:)/"'~ 
\J II ',.1 

(C.~app~ri) are most likels to be found. Mammals in recentls 

disturbed conifer forests 3Ppgar to depend primaril~ upon the 

As the forest matures, t~e resid~nt mam~a]s 

laser under the canops determines the distribution of 

These relationships need to be e~plored in order 

to predict the succession of mammals in the communits at eRMO. 

The vers close relationship between certain species of 

mammal and specific spocies of plants indicates that 

communities depend upon activit~ of mammals as much as mammals 

depend UP the presence of the plants. Specificalls the pairs 

A r ie:rl \? S i a IE. III i n i ITI ij s, A r ~rl e <::. i;3 t rid e n tat 2- V <'3 S .s '-:! 2. n 2. lB. i rj 2. b Q en':: j s , 

and O.herrlionl.lc:./P.tririentat..a E.hould be looked at closels to 

determine the possibilits of mutualism/proto-cooperation. 

The substrate influence mas be better understood b~ 

stud~in. the fossorial and rock-dennin~ species. It appears 

that a.princeps and M.flaviventris need the most rocky 

eXPosure, followed by N.ceneris and S.nuttali, which reauire 

\ ( 



more ve~etative cover. The fossorial rodents D.ordii and 

T.talpoides occups similar habitats in areas adjacent to eRMO, 

but need a depth of soil that is onls available on lava flows 

older than those at eRMO. 
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