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Annotation:

This Ph.D. thesis focuses on energetics of two bathyergid species from mesic Afrotropics, the
solitary silvery mole-rat (Heliophobius argenteocinereus) and social giant mole-rat (Fukomys
mechowii). Particularly, burrowing energetics and thermoregulatory abilities are presented
and disscused in relation to the contrasting social organization of both species. Additionally,
new data on resting and field metabolism in H. argenteocinereus are presented. These new
findings are discussed in further detail and expand upon existing explanations for low resting
metabolism in subterranean rodents and the differences in field metabolism in relation to
seasonality of habitat. To test the hypothesis of mass independent metabolism in bathyergids,
regression analysis was performed on all available published data relating to resting

metabolism, including our data on H. argenteocinereus.
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Energetics in a solitary subterranean rodent, the silvery mole-rat,
Heliophobius argenteocinereus, and allometry of RMR in
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Abstract

Low resting metabolic rate (RMR) in subterranean rodents used to be considered as a physiological adaptation to cope with stresses of the
belowground environment. In African molerats (Bathyergidae, Rodentia), RMR was reported to be independent of body mass. This deviation
from a general mammalian pattern was considered a precondition for evolution of eusociality, occurring in some bathyergids. We measured
metabolic rate and thermoregulation in the silvery mole-rat, Heliophohius argenteocinereus, the only bathyergid genus for which well-supported,
comparable data were still missing. Low RMR (154.04 mL O, h™!, which is 82% of the value predicted for a rodent) corresponds to the value
expected in a subterranean rodent. Broad range of the thermoneutral zone (25-33 °C) and only slightly higher conductance (17.3 mL O, h™" *C™",
ie. 112.5% of that predicted for subterranean mammals) indicate that H. argenteocinereus is adapted to lower burrow temperatures rather than to
high temperatures. Low RMR in this solitary species, as in other subterranean rodents in general, is probably associated particularly with high
energetic cost of foraging. Our results combined with data on other mole-rats show clearly that RMR within the Bathyergidae is mass-dependent.

5 2007 Elsevier Inc. All rights reserved.

Keywords: Allometry; Bathyergidae; Hefiophobius; Resting metabolism; Thermoregulation

Abstrakt

Nizka uroven klidového metabolismu (RMR) u podzemnich hlodavcii je povazovana za fyziologickou adaptaci na
to, jak se vypofadat se stresovymi faktory podzemniho prosttedi. U africkych ryposi (Bathyergidae, Hlodavci) bylo
zjisténo, Zze RMR je na hmotnosti nezavisly. A tato mezi savci vyjimecna vlastnost se stala predpokladem pro vznik
eusociality, kterd se vyskytuje u nékterych druhti rypost. M¢fili jsme Groven metabolismu a termoregulace u rypose
stiibfitétho (Heliophobius argenteocinereus), zastupce jediného rodu rypoSovitych, pro ktery relevantni udaje
doposud chybély. Nizka uroveir RMR (154.04 ml O, h™', coZ odpovida 82% predpokladané hodnoty pro hlodavce)
je srovnatelnd s oéekdvanou hodnotou pro podzemni hlodavce. Siroky rozsah termoneutralni zény (25-33 °C) a jen
nepatrné vyssi hodnota konduktance (17.3 ml O, h™' © C', tj. 112.5% predikované hodnoty pro podzemni savce)
nasvéd¢uje tomu, ze H. argenteocinereus je spi$ adaptovan na niz§i teploty podzemnich nor neZ na teploty vyssi.
Nizka troven RMR tohoto solitérniho druhu, stejné jako u ostatnich podzemnich hlodavcd, je zifejmé
disledkem vysokych energetickych nakladl na hledani potravy v podzemi. Nase vysledky spoleéné s hodnotami

pro ostatni rypose jasné prokazuji, ze RMR u Celedi Bathyergidae je na hmotnosti zavisly.
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ABSTRACT

In seasonal climatic regimes, animals have to deal with changing environmental conditions. It
is reasonable to expect that seasonal changes are reflected in animal overall energetics. The
relation between daily energy expenditure (DEE) and seasonally variable ecological
determinants has been studied in many free-living small mammals; however with inconsistent
results. Subterranean mammals live in a seasonally and diurnally thermally stable
environment and thus represent a suitable model to test seasonality in DEE in respect to some
other seasonal changes, particularly those in soil characteristics and access to food supply.
Both factors are affected by (seasonally changing) rainfall and are supposed to fundamentally
determine activity of belowground dwellers. These ecological constraints are pronounced in
some tropical regions, where two distinct periods, dry and rainy seasons, regularly alternate.
To explore how a tropical mammal responds to an abrupt environmental change, we
determined DEE, resting metabolic rate (RMR) and sustained metabolic scope (SusMS) in a
solitary subterranean rodent, the silvery mole-rat. We focused on the end of dry season and
the onset of rainy season. Whereas RMR did not differ between both periods, mole-rats had
1.4 times higher DEE and SusMS after the first heavy rains. These findings suggest that
rainfall is an important environmental factor responsible for higher energy expenditure in

mole-rats, probably due to increased activity.

Keywords: doubly labelled water method, daily energy expenditure, Heliophobius, resting

metabolic rate, seasonality, subterranean rodent



ABSTRAKT

V sezonnich oblastech jsou zvifata vystavena pravidelnym zméndm podminek prostfedi. Da
se tedy predpokladat, ze tyto zmény budou pfic¢inou zmén v jejich celkovém energetickém
metabolismu. Vztah mezi dennim energetickym vydejem (DEE) a sezénné se meénicimi

ey

podminkami prostfedi byl studovan u mnoha volné zijicich malych savch, avSak
s rozporuplnymi vysledky. Podzemni savci Ziji v teplotné stalém prosttedi a reprezentuji tak
vhodny model pro studium zmén v DEE s ohledem na sezénni zmény v tvrdosti pudy a
dostupnosti potravy. Oba tyto faktory jsou pod pifimym vlivem srazek a predpoklada se, ze
zasadnim zpusobem determinuji aktivitu podzemnich savcii. Vliv srazek je zdsadni predevsim
v n¢kterych tropickych oblastech, kde se pravidelné¢ stfidaji obdobi sucha a desti. Abychom
zjistili, jak takovy savec reaguje na ndhlé zmény podminek v tropech, méfili jsme DEE,
klidovy metabolismus (RMR) a energeticky vydej za aktivitu (SusMS) u solitérniho
podzemniho hlodavce, rypose stiibfitého. Zaméfili jsme se na konec obdobi sucha a na
zaCatek obdobi destli. Zatimco, hodnoty RMR se mezi obéma obdobimi nelisily, hodnoty
DEE a SusMS byly u ryposii 1.4 krat vyssi po prvnich destovych srazkach. Toto zjisténi nés
presvédcuje o tom, ze srazky jsou dulezitym ekologickym faktorem zodpovédnym za vyssi

energeticky vydej u rypost, pravdépodobné z diivodu zvysené aktivity.

Kli¢ova slova: metoda dvojit¢ znaené vody, denni energeticky vydej, Heliophobius, klidovy

metabolismus, sezonalita, podzemni hlodavec
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ARTICLE INFO ABSTRACT
Articke history: Searching for food by extensive digging is one of the most important aspects of life of subterranean rodents
Reeived 25 March 2009 We studied the effect of extrinsic ( substrate quality) and intrinsic factors (sex and body mass) upon the cost

Received in revised form 6 October 2009
Accepted 7 October 2009
Available online oo

of burrowing, expressed as digging metabolic rate (DMR) in two African mole-rat species (Bathyergidae,
Rodentia) with distinct social structures. The sexually dimorphic giant mole-rat (Fukomys mechowdi) is a
highly social species, whereas the almost monomorphic silvery mole-rat (Heliophobius argenteocinereus)
is a solitary bathyergid, Burmrowing in £ mechowii was more costly (DMR was greater) than in

Emrifﬁdu H. argenteocinereus, but there was no difference in burrowing speed berween both species, DMRE within a
Digging metabolic rate particular species was dependent upon body mass, but independent of sex. Different substrate quality had no
Mass-dependent DMR effect upon DMR in either species, yet it affected burrowing speed. We conclude that less effective digging in
Soctality F. mechowii can be compensated by the joint workforce of other family members. Alternatively,
Subterranean rodent H. argenteocinereus, being a more effective digger, can afford a solitary way of life.
@ 2009 Elsevier Inc. All rights reserved.
Abstrakt

vvvvvv

Studovali jsme vliv vnéjsich (kvalita substratu) a vnitinich (pohlavi a hmotnost) faktorii na energetické naklady
spojené s hloubenim novych tuneld, vyjadiené jako pracovni metabolismus (DMR), u dvou africkych druhd ryposi
(Bathyergidae, Rodentia) s rozdilnym socidlnim systémem. Pohlavné dimorfni rypo$ obii (Fukomys mechowii) je
vysoce socialni, zatimco téméf monomorfni rypos stiibtity (Heliophobius argenteocinereus) je solitérni. U socialniho
F. mechowii bylo hrabani energeticky naro¢néjsi (DMR bylo vyssi) nez u solitérniho H. argenteocinereus a to bez
rozdilu v rychlosti hrabani. DMR v ramci dané¢ho druhu byl zavisly na hmotnosti téla, ale nezavisly na pohlavi.
Rozdilna kvalita substratu neméla zadny vliv na DMR ani u jednoho druhu. Rozdil mezi substraty byl predev§im
v rychlosti hrabani. Domnivame se, ze méné vykonné hrabani socialniho F. mechowii mize byt kompenzovano
kooperativnim hrabanim a aktivitou ostatnich ¢len kolonie. Jinymi slovy, H. argenteocinereus si ziejmé diky

efektivnéjsimu zptisobu ,tunelovani‘ mize dovolit solitérni zplisob Zivota.
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Patterns of surface temperatures in two mole-rats (Bathyergidae) with
different social systems as revealed by IR-thermography
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Abstract

Furred subterrancan mammals face the problem of dissipating heat w the environment because high humidity and absence of ar flow m sealed
belowground tunnels constrain heat loss from body by convection and evaporation. In order to detect body areas responsible for heat loss, surface
temperatures in two species of African mole-rats were measured at different ambient air temperatures by infrared thermography. Fur characteristics
were also evaluated. Thinner pelage of the ventrum, its moderate temperature and large size suggest that ventral side of the body is the main
thermal avenue for heat loss in both species. Interspecific differences could be explamed by different fur characteristics connected with social
thermoregulation. Compared to the social Fukomys mechowii, the solitary Heliophobius argenteocinerens has denser and longer fur on most of its
body; its surface temperature was thus lower than in £ mechowii at lowered ambient temperamres. On the other hand, the denser and longer hair
cover n A grgenteocinereus 1mpedes heat dissipation at highest ambient temperatures (and probably also durmg digging activity) resultmg
increase of core body temperature. H. argenteocinerens seems to be more sensitive to overheating than F mechowii. At lower air temperatures, the
social species may uses huddling to combat hypothermia.
©@ 2007 Elsevier Inc. All nghts reserved.

Keyvwords: Surface temperature; Fukonns mechowii; Helfophobius; Bathvergidae; Subterranean rodent; Sociality; Heat dissipation, Thermoregulation; IR-themmography;
Fur; Insulation

Abstrakt

Osrsténi podzemni savci Celi problému, jak efektivné odvadét teplo ztéla do prostfedi, protoze vysoka vzdusna
vlhkost a absence proudéni vzduchu v uzavienych podzemnich tunelech znemoziuje zbavit se prebytecného tepla
konvekci a evaporaci. Abychom identifikovali t€lni okrsky, pfes které by mohla probihat vymeéna tepla, méfili jsme
povrchovou teplotu riznych ¢asti téla dvou druhti africkych rypost infracervenou kamerou v gradientu okolnich.
Zéaroven byla méfena délka a hustota osrsténi. Rid3i osrsténi ventralni Gasti t&la, jeji mirngjsi teplota a vét$i rozmér
ukazuje, Ze piedev§im ventralni ¢ast téla je zodpovédna za tepelnou vyménu u obou druhti. Solitérni Heliophobius
argenteocinereus ma, pti porovnani se socialnim Fukomys mechowii, hust&jsi a delsi srst na vét$ing téla, a proto byla
jeho povrchova teplota nizsi pti nizSich teplotach okoli. Na druhou stranu, hustsi a delsi srst u H. argenteocinereus
brani disipaci tepla pfi vysSich teplotdch (a pravdépodobné také béhem hrabani) a tak dochézi k pfehiivani. H.
argenteocinereus se zda byt vice citlivy na piehtati nez je tomu u F. mechowii. Niz§im okolnim teplotam muze

socialni druh celit socialni termoregulaci.



Conclusion

This thesis presents and discusses data on energetics and the thermoregulatory abilities of
strictly subterranean rodents, the African mole-rats (Bathyergidae) from mesic Afrotropics.
Our results have important implications towards understanding bathyergids ecophysiology
and behavioral ecology.

The following is a list of our major findings:

A detailed study on the physiological parameters in H. argenteocinereus shows that this
species follows the trend of low RMR and body temperature found in subterranean rodents.
Low RMR is probably associated with high cost of burrowing and low habitat productivity.
Slightly higher thermal conductance indicates that this species is adapted to lower burrow
temperatures. Meta-analysis of our results, combined with data on other mole-rats, shows
clearly that metabolism within Bathyergidae is mass-dependent.

Investigation of overal energy demands found seasonal differences in energy
expenditure within free-living individuals with significantly higher values after rain compared
to the end of dry season. We can only speculate that the higher energy demands are due to
enhanced digging activity after rain, when soil becomes softer and more workable; or mole-
rats reduce energy expenditure in the drought and wait for more favorable conditions.

Quantification of digging energetics revealed that different substrate quality (hardness
and moisture content) has no effect on digging expenditure in two mole-rat species. However,
burrowing in damp softer substrate was significantly faster for both species. In addition, data
show that social F. mechowii pays a higher energy cost per unit of burrowed distance than
solitary H. argenteocinereus, suggesting the solitary species is a more efficient digger than
the social species.

Finally, surface temperature measurements by infrared thermography revealed that the
ventral side of the body, which contains thinner, shorter fur, serves as the main conductive
heat loss portal. Additionally interspecific differences in fur characteristics were found, which
is likely the primary reason for differences in surface temperatures between species,
suggesting a relation to each’s distinct social lifestyle. For example, solitary H.
argenteocinereus is dependent upon longer, denser fur in the cold, whereas social F.

mechowii may use huddling in the nest to conserve heat and thus afford shorter, thinner fur.
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