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ABSTRACT

Several aspects of the ecology of free—11v1ng
15011 nematodes, 1nclud1ng their role in energy flow, were
studied on:the Truelove Lowlandnhigh arctic terrestrial

. . . ¢ : _ .
yem.  The study included a broad field inVestigation

pnematode fauna as-a‘whole,’and a detalled 1aboratory
1nvestlgatlon of the resplratory thSlOlOgy, growth and

' populatlon growth of a single spec1as Chlloplacus sp.

’ The resplratory phy51ology of some

v %

other important‘arctic‘inVertebrates was also studied. -
) . The'study was conducted‘in four'habitats,

thlch formed a contlnuum from the crest of a ralsed beach
to a low—lylng meadow in terms of change in topography and
.hmlcrocllmate. These habltats were equated w1th dlfferent
major communltles characterlstlc of the low and hagn arctic.

- Nematode den51t1es and"blomass were measuredf h klh
in the four'habitats,>and productlon was estlmated for two
Of_thesevhabitatsi Densities and blomass 1ncreased
progressively»from_crest, through slope, to tran51tion; and‘
'»refleCted increasidg-Vegetationhfromncrest to transition.
The meadow hgﬁ the most vegetatlon but fewest nematodes,
and appeared to be a relatlvely unﬂavorable nematode habltat,
because of its wetness and low temperatures.

The nematodes were concentrated in the top'

S5 cm of 5011 where organlc matter was greatest and

'temperatures were hlghest.'



o

Nematode productlon varled markedly w1th f?ﬂ
season, habltat, and~soil depth. leferences in cllmate
" ‘and mlcr0cllmate, and partlcularly temperature,‘appeared

t . )

-to govern productlon.' o W . Co

Nematodes domlnated 1nvertebrate productlon
1n the drler habltats, probably because of their anhydroblotlc
and cryptoblotlc capabllltles. They were less 1mportant 1n
4the wettest areas because of cold temperatures, llmlted
<.oxygen, and restrlcted moblllty. —

Compared with thelr role in other ecosystems,’
‘»nem4todes are a relatlvely 1mportant part of thlS hlgh arctlc
ecosystem., Furthermore, they are 1mportant in most arctlc
communities.‘ Above average tolerance of the condltlons lnﬁ
thls ecosystem, and thelr general flex1b111ty as relatlvely

9

r selected organlsms, probably accounts for. thelr 1mportance
in hlgh arctlc communltles. y % |

The oxygen consumptlon of other common

)

terrestrlal and aquatlc 1nvertebrates from the rruelove
Lowland was 51mllar to publlshed 1nformatlongfor arctlc,
:antarctlc, .and alplne 1nvertebrates at the same temperatures.
‘ When-species were compared metabollc rate was dlrectly

i proportlonal to welght but when dlfferent developmental
stages were: compared metabollc rate usually 1ncreased more
slowly than welght. |

Values of QlO varled between 1.19 and 9. 20,

with a_4,0lfmean, for the 2 —12 °c temperature 1nterval,



‘The mean - Qlo values were close to the equlvalent values'
on Krogh4_ standard metabollc curve but, because of several

very large values, most of the spec1f1c values obtalned
‘v“, » .
~ were lower‘than predlcted by Krogh's curve.‘ The smallest

~ B s

LQlO values occurred in both terrestrlal and aquatlc sp§c1es.
While'there isvev1dence of adaptatlon of metabollc

rate to cold thermoregulatory behav1our, 1nclud1ng the

ablllty to select favorable mlcrocllmates, is. probably the‘

«predomlnant arctlc adaptatlon to cold. ‘L" S

©
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. living microbivorous nematedesgare usually much more

abundant than herbivorous, predatory and‘parasitic nematodes.

Chapter 1 A
THESIS OBJECTIVES AND STUDY SITE

1.1 Introduction

,Nematodes are among the most ubiquitous and.

\

‘abundant of all invertebrates, occupying a wide range of

niches in almost every environment. They often hold an

important position in ecosystems by feeding on the prlmary
producers, the algae and higher plants. Many others are
predators and'parasites of animals. However-, in terms of

el . t

trophic levels, the maior-rqle of nematodes appears to ‘be

at the second level, mainly by feeding on bacteria and

fungi, the primary decomposers of organic matter.  This is

particularly true of soil environments, where the free-
™.
The dlstrlbutlon of free-living 5011 nematodes in

partlcular bears little relatlonshlp to major geographlcal
features such as mountaln ranges, ocean barriers, and

. ) -~ _
climatic zones. To a striking degree, genera and species
occur in all parts of the world, and in a variety of
habitats encompassing a wide range of soils, climates, and

vegetation. For example, Plectus cirratus has been”

collected from soil in Denmark moss hlgh in the Pamirs,
and the Baltlc Sea (Nlcholas, 1975) Nlelsenu(1949), in

a 1andmark study of the fauna of Danlsh 50115, found that

P [ . ks



most.species were eurytogic (occupy diverse habitats)

reinforc1ng, on a smaller scale, the generallzatlon made on

cosmopolitan distributions. Later workers, lncludlng |
” Wasilemska (1970) and Domu;at'(1970), have confirmed the
hign“frequency of eurytopic species in other faunasf)

The wide distribution of many‘species, and the
'appatently diverse habitats individual species occupy, may
reflect their long evolutionary history. Even more |
important may beatheir striking tolerance of abiotic

/ ’ .
environmental factors: Tolerance of oxygen shortage,
- freezing, and wide range of temperature and salinityris
common {(Nicholas, 1975; Wallace, 1971) . Many species
survive desiccation, and can be dispersed in a crytobiotic
étate;; 'However, despite the evident versatility of free-
living soil nematodes, there is little knowledge of the |
factors which determine the detailed composition of faunas,
- making it difficult to expiain the overlap between faunas
of different habitats” = a
The almost universal abundance of free—living
nematode spec1es extends to arctlc habltats, as exempllfled
—~/”\\\\¥ species lists for both the Low. Arctic (Cobb, 1921; Kuzmin,
1973)|*and High Arctic {(Mulvey, 1963). Until recently, the
'only information available on free—living nematodes of arctic.
habitats was faunal llStS—.\ In the past decade several
arctlc and‘antarctlc ecosystem studles conducted w1th1n the

International Blologlcal Programme Tundra Biome series of

co- operatlve projects have extended our. knowledge of the

w



role of»hematodes, primarily by providing estimates of
. Sy
densities, biomass, and ciassification of species_on the
basis of trophic rolehYe.g. Spaull,‘1973; MacLeah,d1974;
Procter, 1977a)27 However, these estimates of energyiflow(
are preliminary,‘because some‘required informatioh, such as
repiration rates, was calculated from data obtained under
conditions unrepresentatlve of the arctlc (e.g. hlgh~
temperature), using extrapolatlon methods, such ‘as Krogh's
temperature—metabollsm curve (cf. Lagerlof Magnusson and
. Rosswall, 1975), that appear inappropriate (Procter, 1977b)
\\\\\ : .In my- study I anestlgated the role of free- llVlng
”soil nematodes in energy flow through a High Arctlc '
terrestrlai ecosystem. ThlS 1nformatlon presented 1n thlS
thesis extngsyahd refines recently publlshed estimates of
nematode seasonal standing crop, respiration and productlon
(Procter, 1977a) by utilizing detailed ;nformatlon on
physiology and de?elopment at low temperatures that is
lacking in both my publication and in other.studies of
arctic nematodes. |
- The study was carried out on the Truelove Lowland
(76° 33' N, 84° 40 w),‘Deyon Island,iCahada (Fig. 1), and
constituted‘one'part of the Devon Island project,”Which was
- a comprehensive integrated study of a High Arctic tenres—
trial ecosystem: The Devon Island prOJect was part of the
Canadlan contribution to the Internatlonal Blologlcal

Programme, and was one of 14 major ecosystem studies

conducted with the I.B.P. Tundra Biome. Within this group
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of projects it was thé‘oﬁly one of four major arctic

’étudies that‘was conducted within the High Arctic (Rossﬁéiif/'
and Heal, 1975). .~ - o e C /
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1}2 Site Descrlptlon .
| Bliss (1977a) descrlbed the phy31ography of the |
»:Truelove Lowland and surrounding -area. Krupicka (1977)
aand Klng (1969) may be consulted for more. detail on local
,geology and the per1glac1al features of the area. |
| The outstanding topographlcal feature of the
Truelove Lowland is a series of foss1l ralsed beach ridges,'
which occur as more than 20 successive steps across the
Lowland (Fig. 1). Barr (1971) discussed the. orlgin of the
vLowland beaches in terms of post-glac1al isostatic rebound.
fAndrews (1970) has con51dered post gla01al rebound  in the
;ﬁWider context of the Canadian ‘Arctic.

A serles of lakes ‘and meadows alternate w1th the
_raised-beaches across the Lowland The 1akes were formed
from lagoons cut off during upllft by the offshore bars
which formed the ralsed beaches across the Lowland. - Some
of these-lakes filled in w1th 1acustr1ne dep051ts to. forml
:h.meadows.dk\Typlcally lakes,‘ or wet sedge-moss meadows,
occur upslope of the ridges, while better drained sedge
- areas occur downslope (Bliss,p1977a).

{

1.3 Habitat Descriptlons

Seven‘major topographlc plant communlties, with
seVeral subdivisions, were recognized on the Truelove
Lowland (Muc;and Bliss, 1977) . The Devon Island PrOJect
‘studied twofeommunities intensively : the hummocky sedge-
mOSshmeadOW, and.the raiSed beach‘complex (Fig. 2). Bliss
,1kl977al provides-maps locating‘the'two sets of studies.,

7
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1.4 Thesis Objectives

The primary objectives‘of my study were dictated
by the general goals of the Devon Island Progect
~

According to Bliss (1977a) the main objectives of the

project were to : i

.1. determine populatf%n numbers and standing crop for the
major biological components of the Truelove Lowlana
and express tﬁese data on a land area basis by major
habitats (topography - plant community);

2. determine rates of energy flow through the total system
and its major habitat subcomponeﬁts (sedge-moss_meédo&s,
and raised$beach systems) ; ’

3. determine efficiency of the system in capturing and
utilizing energy at different t;ophic levels;

4. determine the environmental and biological limiting
factors for growth an& develOpmént—df important plant
and animal species; gpd |

5. develop statig and d;namic models of high arctic
ecosystem function, and function of its compoﬁent parts.

In order to accompllsh the objectives of the Devon

Island Project, I initially established the follow1ng

-

research goals, based on complementary approaches involving
(1) general field studies of the nematode fauna, (2) detailed
1aboratory studies of a single 'representative' species,
énd;(g) use of the Ryan and Whitfield 1nvertebrate,

.production model'(Ryan, 1977a) to estlmate resplratlon and .

/proddctiod. My detalled goals were as follows‘

ko



1. multispecies studies;

. (&)

(b)

(c)

" weight and calories) at two soil depths for two

determine nematode faunal composition,

estimate nematode densities and standing crop (dry

seasons in the crest, slope, transition and

"‘\ ) ) N

meadow (Fig. 2), and

measure respiration (oxygen consumption) of the

species complex from the field at commonly

encountered temperatures.

2. single species studies (of Chiloplacus sp.¥*);

(a)

(b)

(c)

determlne temperature below Wthh development does,

determine individual growth rate and form of the
growth curve at an appropriate temperature,
determine reproductive rate at the selected

temperature,

M

encom-

measure population growth at temperatures/\

passing those encountered in the fié}d,
measure respiration of all stages, at temperatures

encompa551ng those encountered 1n the fleld and

\:dnot-occur,;and,establrsh phy51olochal developnient

time’(degree:days),_

“An 1mportant purpose of the general and spec1flc

studies was to prov1de 1nformatlon sultable for use in the-

Ryan and whitfield predictive invertebrate production

model (Ryan, 1977a), in order to estimate mean seaeonal

standiné crop, generation time, respiration, and production.
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’,

To this end, the data and derived functions obtained from
the studies were synthesized to describe the performance
of an 'average"nematode for each of the habitats inves-
tigated (cf. Procter, 1977a).

- Although the Ryan“and Whitfield production model
is a convenient and apparently powerful research tool, it
remains unproven. ‘Because my research provided independent
estimates of some important parts of the model's output, as
part of my research objectives I have: undertaken to teSt
some aspects of the model's assumptions and functlonrng.

I noted in Section j 1 that at least one study of
nematode phy51olog1cal performance in cold env1ronments
used resplratlon estlmates extrapolated by means of Krogh's
temperature-metabolism curve from data obtained at hlgh >
temperatures. This procedure, which has been used in
‘_studles of other arctic 1nvertebrates (e.g. Scholander et'al.,

1953), may be SUspect, partlcularly when 1nvest19at1ng thej::eVWA

roe.

p0851b111ty of adapted metabollc curves (cﬁ Prooter, 1977bf{ '

In order to better understand the relatlve performance of
F~invertebrates ‘at low and high, temperatures, my 51ngles¥ec1es“
" studies included measurements of repiratlon and population
" growth at both arctic and temperate/tropical temperatures.

As I attained the primary objectives of my project,
unestions of more generarjintefeSt§replacéd‘them,”the'most

important belng to :

~

_1;"exp1a1n the large numbex of nematode speC1es in arctlc

ecosystems,



2. aecount.for the generally high nematode densities in
arctic ecosytems compared with other ecosystems;

3. explain the high standing crop, respiration and
production of arctic nematodes compared with other
arctic invertebrates;

~4. explain.the difference in nematode densities, respi-
ration and production between the different arctic
habitats studied, and thereby predict and explain the
relative importance of nematodes in diverse communities
thrdughout the‘arctic; and

5. generalize on what makes a successful arctic inverte-
brate, drawing initially on my knowledge of'arcticv
nehatodes | ’

P

Very few invertebrate groups are represented in

}jthe ALCth, and only very few of those .present are

,consplcuous by thelr success, at least 1n terms of
,abundance. Nematodes, because they are one of the

successful groups, may go a long way to answerlng the

“~quest10n,posed by Downes (1962) ? "What is an arctic 1nsect7"

‘The final undertaklng of this study is to develop and extend
the ideas presented by Downes (1962, 1964, 1965) in hls
several 1nterest1ng papers, and broaden our understanding of
.what makes an arctlc invertebrate through the extra

.dlmen51ons offered by the populatlon/energetlcs approach I

have taken in my study.



[

Muc (1977) and Svoboda (1977) described the flora of the
meadow and raised beach respectively, while other investi-
gators obtained complementary information on abiotic

factors, including microclimate (Courtin and Labine, 1977),

soil (Walker and Peters, 1977) and petmafrost (Brown, 1977) .



*I have neither identified nor described Chiloplacus sp.

I sent material to Dr,. R. H. Mulvey and Dr. R. V. Anderson,
and was advised that identification and/or description '
required a substantial taxonomic study. The characters

used to separate species of Chiloplacus have been shown to
be much more variable than previously thought, and laboratory
studies under a range of physical conditions are required

to establish the extent of this variability. Consequently,
this genus, and the closely related genus Acrobeloides, are
in urgent need of revision (Anderson, pers. comm. ). However,
I have deposited voucher specimens with the Department of
Entomology, University of Alberta. e .

™
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';faunas than do troplcal reglons (e. g Dobzhansky, 1950),

‘It 1s also ev1dent that hlgh altltudes ‘Have fewer 'sp cies:

'CTHE DIVERSITY OF THE NEMATODE FAUNA OF TRUELOVE LOWLAND “' ’

: AND SIMILAR ARCTIC ENVIRONMENTS

2.1. Introductlon and Methods e e ;“Q"“:-u-fﬁ.r:

-High latltudes generally support less dlverse

ca. ‘r,;i-._b

”than do low altltudes.df The reasons why some eHV1ronments;"

P -

have manyvkrnds of organisms, while others Support’limited;
numbers of species, are still unclear. SewﬁBI ﬂﬁkmiespb o
have been proposed to explain both latitudinal and local .
patterns in species diversity, all of which probably operate
in soﬁe situations (Pianka, 1966). Pianka ( op.cit.) has
reviewedithe theories'that have been proposed to explain
these differences. |

A striking feature of the invertebrate faunas of
Arctic and Antarctid terrestrial environments is the large
contribution made by nematodes to the total number of
species present in these faunas (e.g; Mulvey, 1963; Spaull,

1973a; Kuzmin, 1973). The relative diversity of high

‘latitude nematode faunas 1s emphasxzed by comparlson with -

= -

):

R

'R{ the nematode faunas of temperate and troplcal env1ronments 4“:';:3““

-;y(e g Nlelson,>1949 eBanage and Vlsser, 1967 Wlllard et al

R'{specles

- ,.,7‘,

B .

»""_..f‘f'"1973- Wa51lewska,.197-0 Yeates, 1967 1970,.1972 1973)

e ..

"some 1ower latltude env1ronments appear to support fewerr"‘”'sﬁ" '



The purposes of this chapter are to :‘(1) show that the
dlver51ty of free llVlng soil nematode faunas is high in
high latltude env1ronments, (2) explaln the dlver51ty of

h latltude free-living soil nematode faunas relatlve to‘
low latitude nematode faunas; and (3),sucgest why nematodes
" often dominate high latitude invertebrate species lists.
In order to accompllsh these goals I compared my Truelove ,

Lowland data Wlth publlshed 1nformatlon on the comp051tlon

of SOll nematode faunas from a varlety of arctlc, antarctlc

"~termperate and troplcal locations. I have undertakennto_

explaln the trends I- percelved in these data in terms. of
the various theories offered in explanatlon of patterns of

species diversity.
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2.2 Results

‘Preliminary studies of the Truelove Lowland fauna
produced 18,genera belongingnto 11 families and six orders
(Table 1) Individuals7of'the'genus Plectus occurred in

large numbers in 80% of the samples studled while the-

genus Dorylalmus was numerous. .in half -0f the. samples.,u, '

Substantlally less abundant were Tzlenchus and Rhabdolalmus,

" which were common in 20% of the samples The remaining .

kS

genera were common in only 15—106 of the samples.

A more thorough investigation of the fauna of:

..Lake Hazen, Ellesmere Island,.WhiCh~is a . somewhat simpler

~ high arctic environment than Truelove Lowland, produced 76

species belonging‘uo 43 genera (Table 2). The .genus Plectus
was numerically important'at Lake Hazen. - 1r

| Tundra env1r0nments in general eXhlblt a_ wide range :
of spec1es/genus dlver31t1eshe from a low of 10 spe01es/6 .
genera on the Antarctic.continent, to a hlgh of 162 spec1es/
.69 genera in subarctic U.5.5.R. (Table 2) . The diversity
of the nematode fauna of Antarctic regions is much. lower
than that of Arctic reglons. «

In terms of numbers of individuals contributed,

the-genus'Plectus was either dominant .or co-dominant in

- most of bhese high latltude faunas (Table 2). .For example,

plectlds accounted for 70% of the spec1mens collected by

i

Cobb (1921) from the Canadlan Arctic and Alaska, and
contrlbuted f1Ve of the‘105pec1es recorded from the

*Antarctlc contlnent. Two exceptlons were the’ relatlvely



“pable 1.

Carcharolaimus

‘Preiimihaif liét‘of nematode genéra found on
Truelove Lowland. Numerlcally dominant genera, .
in numbers of" 1ndlv1duals present ~are marked -
»w1th an. asterlsk ' v
Order - Family . .  Genus .
Monhysterida Monhysterldae v.Monhystera
' Araeoiaimiaa - Plectldes *Plectus
Anaplectus
K  Rhabdolaimus
Axonolaimidae gylindrolaimus
Teratocephalida Teratocephalidae Teratocephalus
Rhabditida Cephalobidae Acrobeloides .
C : Chiloplacus
’ o v ‘Acrobeles
"T?iénéhidq_A - : Aphelench01d1dae ~Aphelenchoides -
.Tylenchldae - ‘Tylenchus -
' Tylenchorhynchus
Neotylenchidae Neotylenchus
Heteroderidae Heterodera
Dorylaimida Monochidae Mononchus
APrionchulus
ﬂDorylaimidaé‘ - *Dorylaimus



Table 2.

numerlcally dominant genera: 1n arctic,

The number of nematode genera, spec1es and

‘“antarctlc, and alplne env1r0nments, and 1n .

:related cool temperate mirés. -

the Canadidn Arctic

. Various habltats on -

"-Vést Spltzbergen ;

' ;5(790 N 12'E).

‘Subarctic Tundra;
Tareya, 'I_'J.S.S.R.

S@xﬂphﬁaTmt&a:

. Stordalen, Sweden
‘_ (68°.22'N, 199 3'E)

Miﬁlani
 Moor House, Ehgland_

(54O 65'N, 2° 45° W)

45/89

69/162

S

104/~

38/

"igx" enchus,

;'TeraUXxxmalus,”
Cerv1dellus, ‘

Plectus

‘Budorylaimus,

Plectus ' -

Tylenchida, -

) Plectus,

%ﬁauxeﬂudus

ylenchus™

Habitat Genera/ rNumerically : .:f;Authoff
: ’ Species = Daminant Genera
High Arctic Tundra: G)43/76'  Plectus Mulvey, 1963,
- Lake Hazen, Canada -1969a, 1969b,
~ (81° 49'N, 71° 18'w) 1969c; Das 1964;
” o Wa, 1969
Various habitats on . 22/47  Plectus Cobb, 1921

Kuzmuh 1973 -

 Lagerl®f et al.
:1975.1 _5' o

,Banage,’1963




{540:30'S, 1580 5T'E). "

- Antarctlc Tundra
o Slgny Island o '
(600 43 's, 450 38" W) -

19/30

. anhzstera,- S

Prlsmatolamus

Teratocephalus .

Plectus o

Spaull,.

Various'— In:

1973

e
, L. &
- e
. Table 2. Continued
Hahitat - Gén'era/ . Numericallly “Author
S T .. Species  Daminant Genera .
Peatland: , . 49/85 Tylenchus, Behan, 1973
Glenamoy, Ireland  Plectus,
(540 12'N, 9° 45'W) Bnaplectus,
‘ Rhabdolaimus
Long's Peak (4345 m):  10/18 Tylenchus, Thorne, 1929
. - Colorado. - o DOEXV laimus,
~(40° 16'N,. 105° 37'W) Plectus
‘Subantarctic fmhd_ra': ~ " .10/26 ° Dorylaimis; - -~ -~ Bunt, 1954" °
Macquarie Island . Rhabditis, |

Various habitats on 6/10 Pléctué
.the Antarctic | Timm, 1971
Cmtinent (6507770,8) ‘\\
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lOw latitude Moor HOuse and Macquarie.Island sites, where

'gzlenchus and Dorylalmus dominated respectively. These‘two

_genera were co- domlnant w1th Plectus at several other sites.

v

Teratoceghalus was also important. at several ﬁ?catlons..

Temperate and troplcal habltats also'showed a wide
.range of spec1es dlver51t1es (Table 3). A tropical grass-
land savanna (New Hebr;des) has- the lowest diversity with
12 species/12 genera, while temperate'hardwood torest (U.S.A.f
Jwas highest with 95 speC1es. The average dlver51ty of the

e b
'”“four troplcal habltats listed was. lower than the averages of

the Arctic and temperate habltats, but was hlgher than that
frof the Antarctlc reglon..

Tylenchlds, 1nclud1ng the genera Tzlenchus,

| Hellcotylenchus, Tylenchorhynchus and Dltylenchus, and

,.dorylalmlds were -among the domlnant groups in many of the
1.tem};oel.ﬁ_a/te andutroplcal habltats (Table 3). On the other
hand, apart,fromhseverpl temperate)environments (e.g. Heath

Moor, Maritime Turf and Beech Forest), plectids contributedf\v

insignificant nnmbers of individuals to most of these faunas.’

+



Table 3. The number of nematode genera,

species,

21

and numerically dominant genera in various

temperate and tropical environments.

Habitat

Genera/
Species

Numerically
Daminant Genera

Authof

Natural Grassland:
Canada.

Natural Grassland:

England

Grass Field:
Dermark

Heath Moor:
Dermark

~ Maritime Turf:

Orkney Island

26/~

42/76

21/33

19/31

18/21

rlenchus,

Hedicttylenchus,

Xiggggema

fgxlenchus,

Paratylenchus,
Dorylaimids,
Alaimus,
Helicotylenchus

Tylenchorhynchus,

Aphelenchoides,

Pristmatolaimus

Monhxstera

Plectus,

Dogzlaimus,
Izlenchus

Eudorylaimus,
Anaplectus,
Tripyla

Willard et al-,
1973

Yuen, 1966

Nielsen, 1949

Nielsen, 1949

Yeates, 1970
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Table 3.
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Continued
Habitat Genera/ Numerically Author
Species Daninant Genera
-

Regenerated Woodland: 38/62 Tylenchus, Yuen, 1966
England Alaimus,

Rhabditids,

Dorylaimids
Spruce Forest: 19/23 Dorylaimus, Nielsen, 1949
Dermark Acrobeles,

Cephalobus
Beech Forest: 44+/75+ Tylenchus, Yeates, 1972
Denmark Ditylenchus, '

Plectus
Sand Dune Forest ) 25/35 Eudoryléimus, Wasilewska,

[ .

(early succession) : Ditylenchus, 1970
Poland Tylenchorhynchus
Sand Dune Forest 45/71 Tylenchus, Wasilewska,
(late sugigession) : Aphelenchoides, 1970
Poland BEudorylaimus,

Plectus,

Acrobeloides
Hardwood Forest -/95 Tylenchus, Johnson et al.,
(Sugar Maple) : Tylenchorhynchus, 1973
Indiana, U.S.A. ‘Helicotylenchus CO




_.Table 3.

’

New Hebrides

~
Aporcelaimellus

Continued
HaBitat . Genera/  MNumerically Author
" " ‘Species ,  Daminant Genera ’

Hardwood Forest ~/58 Helicotylenchus, Johnson et al.,

(Black Locust) : Tylenchus 1973

Irndiana, U.S.A.

‘Dune Sand (Taylor's 30/32 polichdorus, Yeates, 1967

Mistake) : _ Acrobeles,

New Zealard Aporcelaimellus

Virgin Bush: 314/- "Helicotylenchus  Banage and

Uganda ‘ Dorylaimids, Visser, 1967
Cephalobus

Tropical Rain 23/24 Tylenchus, Yeates, 1973

Forest: Mi toaxonchium,

New Hebrides Falcihasta

Montane Tropical 17/19 Cephalobus, Yeates, 1973

Rain Forest: ‘Tylencholaimus '

Grassland Savanna: 12/12 Helicotylenchus, Yeates, 1973
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2.3 Discussion

2.3.1 Faunal Lists

Because the comp051tion of the free-living soil
nematode faunas of the major‘biomes is poorly known: —
Jenkins and Taylor (1967) believe that 2% of existing
spec1es have been descrlbed - concluSions regarding the
diversity of nematodes in different biomes must be tentative

However, Oostenbrink (1966) stated~that "The density and

polyvalence of nematode populations are generally lower in
subtropical and tropical than in moderate climate™.

- Dbao (1970) listed 426 species of plantébarasitic anddsoil

‘inhabiting nematodes from the Netherlands (temperate %

deciduous and rain forest biome), but listed only 177 species

from Venezuela, which encompasses three tropical biomes

(Kormandy, 1969). These figures make interesting comparison
with the 162 species collected from a much smaller area of ..
tundra in subarctic U.S.S.R. (Kuzmin, 1973). Thcugh
clearly incomplete, the information I have presented shows
the diversity of nematode faunas'of habitats within
tropical biomes can be lower than that of habitats in
characteristically mid- and high latitude biomes.

While SOll liVing nematodes maintain high species
diverSity far into high latitudes, particularly to the
north, the composition of the fauna changes with latitude.

Mulvey (1963) noted that the bacteria-feeding genus

Rhabditis; which is common south of the Arctic Circle, is
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absent from collecticns made in Alaska and Canada north of

the Arctic Circle. More interesting, however, is the change in
" importance off‘.ematodes parasitizing- flowe.rmgplants relative to- - * - -
lower plant- (i.e. mossevs, lichens, algae, fungi) and bacteria-

feeding nematodes with latitude. Mualvey (ép_. cit.) recorded

oanly two species of oonfm’ed higher plant parasites from High Arctic

Lake Hazen - Aguina agrostis, which parasitized the seed heads of

Arctagrostis latifolia,. and a species of Ditylenchus, which

attacked the leaves of Dryas integrifolia. Mulvey listed another
‘ eigﬁt gene»ravas suspected plant parasites, but at least five of these
. genera may feed on lower _plants (cf. Goodey and Goodey; 1963).
‘Lagerlé')f et al. (1975) reviewed the occurrence_of nematode
taxa and feeding growps for several high lati tude hakitats, including
some of the tundra sites listed in Table 2. -Microbe -fe;ad:ing
nematodes daminated most of the faunas, including those of Stordalén,
Signy .Island, Macquarie Island and Tareya tundra sites.  Microbe-
feedihg neratodes also dominated the Truelove Lowland féuna (this
study) , and the fauna of northern Alaska and Arctic:Canada in general
(Cabb, 1921; Mulvey, 1963). _' Species of the genera Plectus and.

Teratocephalus feed on bacteria, while Dorylaimus and Eudorylaimus

feed on a variety of micro-organisms. Plant-feeding nematodes dominated

the fauna of the more temperate Moor House (Banage, 1963). - Hewever,
. . 7
this dbservation requires qualification because the dominant
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genus Tylenchus includes facultative and obligate lower—

plant feeding species (Wood, 1973n Andréséy, 19761,l‘

K TxlenchLdﬁ Were ca- domInant‘at glenamoy, whlchals a~cool

LELe el Wt RN e oo,

temperate mire 51mllar to Moor House (Behan, 1973) .
‘ ‘Loof (1971) compared the fauna of Spitzbergen with
that of temperate Europe and found. that several .genera of
confirmed higher—plant parasites commonly found in Edrope

were absent from.his‘Spiﬁﬂﬁrgax material, including

Rotylenchus, Pratylenchus and Paratylenchus. Oon the other

- hand, several microke r feeding genera ‘were much more

domlnant on Spltzbergen than in temperate regions, 1nclud1ng

Teratocephalus, Cerv1dellus and Plectus, as well as the

primarily lower—-plant feedlng genus Tzlenchus.

The relative roles of hlgher—plant parasites an@
lower—plant / nucnjﬁz— feeders in the diverse temperate and
tropical faunas are difficult to characterlze. However,
confirmed-h;gher—plant para51tes‘were dominant in some of
these hahltats:' .For example, the most common species
found by Wlllard'et al. (1973) in a natural grassland

were Hellcotylenchus lelocephalus, Xiphinema americanum,

Tylenchorhynchus canalis, Paratylenchus tenulcaudatus.and

Pratylenchoides bacilisemenus. " Yuen (1966) found that

plaﬁt parasites accounted fer 31 out of a total of‘76”
speciee, and.contributed more than 50% of all individuals-
collected from another nagural temperatejgzagbland.

Yuen noted that plant parasites ‘were of similar importance

in two cultivated areas studied by Winslow (In: Yuen, 1966) .

Qe
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Banage and Vlsser (1967) con51dered 7% genera out of 31+ genera*were ST

K4

' Plant paras1tes were . less important in- the regenerated

s

iwoodland Yuen studied But- stlll accounted for 19 out of 62

‘f specles, and contrlbuted more. than 30% of all 1nd1v1duals

"o

plant féeders, Which comprised 31% of all individuals in
-virgin bush.in. Uganda Plant feeders ‘were less 1mp0rtant
in other habltats, but Stlll generally appeared more -

important ‘than in hlgh latrtudevenv1ronments (e.g. Wasilewska,

“
ey .

A EN PR

A feature ofthigh.arctic Qegetatidn i's the

relative diversity of lower plants, including br§ophytes,

‘“11Chensfandﬂfpngi; " Bliss. 0977c) Lists only 96 spec1es of

" vascular plants from’Truelove Lowland, compared w1th 175

spec1es of llchens (Rlchardson and Flnegan, 1977), 132

spec1es of mosses (Vltt and Pakarlnen, 1977), and 92 spec1es

of fungi-: (Booth and Wldden, 1977) ' Macken21e Lamb (1970)

noted a 51mllar pattern in the flora of the Antarctlc - ;
"The terrestrlal vegetation of Antarctlca, in order of
decreasing abundance of representatlon, consists of llchens,
mosses, algae, hepatics,.fungi and bacteria, and flowerlng
plants” ..

Savile (1972) discussed the cnaractegistics}ofd
lower plants that fit them for life in arctic environments.
The apparent lack of competitiveness of bryophytes and

lichens relative to higher plants appears unimportant in

arctic environments, because higher plants are reduced in,

" or excluded from many habitats by physical conditions that
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. the lower plants tolerate.
“'The arctlc nematode fauna seems to reflect the
‘fprlmltlve nature of the arctlc flora._~ volutlonarlly

1advanced and spec1allzed flowerlng plant paras1tes are

< N
G

bsent (e g’ Me101dogyne, Heterodefa) :Plantnpara51tesmu

are present, but are represented prlmarlly‘by'the
;elatively,primitive and unspecialized Tylenchoidea
(e.g. Tzlenchusiﬁwhfch] for ‘the most part, are free-living
in the soil and,,in;fases whefe tney live in/on plants, )
dgenerally attaogifoﬁef planmts. Relatively speoialized
insect and animal patasites also appear to be poorly
'-represented in high latitude faunas (Mulvey, 1963, recorded
onespedies of mermithid) . - Evidently the radiation of
'dnematodes in response to the‘radiation of flowering plants,
insects and vertebfates (Schafer, 1971) ‘is. poorly reflected
in the arctic nematode fauna because, though these three
groups now dominate most terrestrial environments, they do
‘not dominate arctic habitats. |

My review shows that microbe - feeding nematodes,
as eXemplified by the genus Pleotus, dominate many hiéh
latitude faunas. There is little doubt that tundta sites
Support a diverse fauna of micro—organisms} For example,
Truelove Lowland has ahmlnlmum of 108 spec1es of bacteria
(estimated from Widden, 1977) . Dunican and Rosswall (1974)

¢

concluded that the range of heterotrophic bacte:ia in tundra

soils parallels that in temperate mineral soils, and that no

4



single group showed anyvpreference for tundrazenvironment-,
Similarly, Heal et al. (1967) found that in numbers of
poth species and individuals the testate amoebae fauna of
Signy Islsgd soils approximate to those of temperateA /
~woodland and moorland ”e51‘(15°: Ryan[ 1979) looked at
soil protozoa from Truelove Lowland and concluded that

"the ones here are common anywhere . Parinkina (1974)
”also stated that the total number of micro- organisms in
tundra is not 51gn1f1cantly different from the sizes of
populations observed in temperate zones. ‘

Microbe -—feeding appears to be the primitive,
generalized nematode feeding habit, and the microbial
feeding groups likewise appear to best represent the
morphologicallydprimitive and unspecialized condition
(i.e. the Torquentia - Andrassy, 1976). while the Plectids
may not be the most primitive of the Torquentia, they are
close to the stock from which the other two nematode lines
developed (i.e. the Secernentia and Penetrantia), with their
development‘of parasitism and massive radiation of both
parasitic and non-parasitic species (Andrissy, op. cit.).

The dorylaimids which, like the plectids, make an
important contribution to arctic‘faunas, are considered by
Andréssy (1976) to belamong the most recent nematode groups
phylogenetically (i.e. the Penetrantia).b -Tne dorylaimids,
include both parasites.and non—parasites, but - the genera

best represented in the arctic (e.g. Dorylaimbg, Eudorylaimus)
N .

v

seem to represent a new radiation of non-pqrasitic



generalists, which individually are able to feed on a Very
‘”widé‘range of organisms; includihg other nematodes. The
occufrehée of dorylaimids in relative abundance, and in a
greater variety of lower. latitude habitats than plectids
(e.g; Tabies 2 and 3), mayrreflect théir pre§umed higher
level of effectiveness as'geﬁerélists.
Other major invertebrate groups in‘h}gh }at}tudes';
may show similar emphagisnén primiﬁive'éﬁd/ér relatively
ﬁgeneralized component taxa. Janetschek (1970) believes
there is glséquence.and prevalence ‘of mite and»collémbola“:
taxa within the high Antarctic itself. Mites especially
show é iatituainal sequence cofresponding to habitat
development. The pioneering Trombidiformés (brostigmata);
1repre§ented by the families Pachygnathidae, Tydeidae and
Eupodidae, are most southerlyuin occurrence. The predaﬁory
'Rhadididae first appear relatively far north, in South
Victoria Land. Oribatid mites.(Cryptostigmata) only appear
in Nofth ViCtoria Lahd, despite being quite common in the
oﬁter.Maritime Antarctic. The Collembola alsofbelong to a
few familiesnwhich are also pioneers elsewhere (Onychiuridae,
Hypogastruridae, Isotomidae). '
To conclude : high latitude.and low latitudé
nematode fauﬁas differ priJﬁarily in relative dominance of
éiffefent componentsiéf the faunas. In high latitudes

relatively primitive nematodes appear to dominate.

In this regard there appears to be a correlation between
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the nematode fauna &aﬁd inQeftebrate fauna as a whole) and’
high-iétitude‘floras,‘théh-éléd have-a iarge primitiVe
component. High latitudé commUnities, in addition to

being relatively simple, appear primitive in an evolutionary'
sense, since they are dominated by floral/faunal elements

‘that ﬁrésumably dominated communities preceeding tHQse-.
which developéd from the evolution and radiétion of highér.

plants, insects and terrestrial vertebrates.

-
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2.3.2 Hypothétical Mechanisms Governing Species. Diversity

‘<_HaVing gained an idea of the composition of high
iatitude ﬁematode faunas, it is timg.to address the ‘three
guestions poséd in the introducfion to this chapter.
Pianka (1978) lists ten hypothetical mechapiéms for

wdéterminihg species diversity : (1) evolutionary time;

(2) ecological time; (3) climatic stability; (4) climatic

32+

predictability; - (5) spatial heterogenity; (6) productiQity;.

(7) stability of primary production; (8) competition;

(9) rarefaétion: and (10) predation.

2.3.2.1 Evolutionary Time

\

The evolutionary time theory assumes that‘commﬁnity

diversity increases with age. For example, temperate.
regions are considered impoverished due to recent

glaciatithV(Fischer, 1960) . Gf&en sufficient. time for

speciation and evolution, appropriate orgénisms will occupy

these néwly opened habitats. B
Northern Hemisphere tundras developed in
the pleistocene (Dorf, 1960) and the first definitéiy |
determined tundra appeared 1 million years ago (Hopkins,
1974) . Conéequently; tundra floras and faunasvhavé had
little time to eVolye. Tundra floras (Yurtsev, 1972)‘and
- faunas (Hoffman and Taber,~1967) pmobabiy evoléed first in
the Holarctié highlandsvofvcéntral'Asig\and_the Roéky
Mountains. Hoffman and Taber (op. Eié_)'believe that

o
- arctic lowland faunas probably-originated in Central Eurasia

-
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when tundra replaced cold—temperate steppe and taiga during
the Pleistocene. ) These'animals; pmeadapted to cold winter
environments,.were able to evolve pogulations]capahle of .~
surviving in the new lo&land tundra environments.
Downes (1964,'1965) and Ryan (1979) discussed the
'origins of tundra invertebrate faunas in general and
concluded that they have been derlved by reductlon from
southern faunas.‘ There are few endemlc arctic 1nvertebrate
spe01es. The arctic soil nematode fauna shares’ many spec1es
with lower latltude faunas. . Cobh (1921) noted that about
50 per cent of the species from the Canadian Arctic and
Alaska are comnon much -further south,.many.ocourring in the
yicinity of WaShington, D.C;,vand in‘the Tropiesl
Simpson (1964). believes that temperate zones have

prohably existed for as long as tropical ones, having 51mplyv
shirted with their floras and faunas in response to glacial
advance and retreat. If thlS is qrue,'organlsms adapted to

:cold winter env1ronments have ex1sted for a very long tlme.
Simpson feels that if the time theory were correct, the

. steepest gradient 'in species diversities should occur in the
recently deglaciated temperate zones. Since; for North

=

Americanf@ammals at least, this zone shows a fairly flat

diversity profile, there is some evidence against the '
evolutiongry time theory. - Because very recent arctic and
temperate habitats have high nematode species diversities,

aﬁd}gany cosmopolitan species, Slmpson s arguments against

%the evolutlonary time theory galn additional support.
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2.3.2.2 Ecological Time

| | .‘.Thisitheory resembles the evélﬁtionary pime tHe§ry,
but is‘%oncerned.with the shortér time available ﬁdr
dispersal. = The larée ébsmopolftan‘eleﬁéht-ag'récént arctici
nematode faunas (Cobb, 1921), and of geogfaphicaily iSOlated
noﬁ—arctic faunas (e.g. Yeates, 1973), indicaﬁé that the" ‘

dispérsal=powers of nematodeS‘are sufficient to makéw”ﬁ

ecological time an unimportant barrier to high nematode

diversity in most communities.

Although soil living nematodes have limited

powers of disbersal'thropgh active migration - in the order

of metres per year-(Wallace,:1963) - they have considerable

Iy

potential for long distance passive dispersal, partly
because of their small size, but primarily because of their

widely shared ctyptobiotic cépabilities in response to -

- Y

.adverse physical and chemical conditions, including_

-

desiccation (cf. Evans and Perry, 1976). . These
characteristics allow,them_£Q be disperked by diverse
ageﬁts, including wind (White, 1953; Orr and Newton, 1971),

water (Thompson et al., 1949; Meagher, 1967), insects

(Poinar, 1975) and birds (Epps, 1971; Spaull, 1973b).

~

Wallace (1963) cites examples of dispersal of plant
parasiticvnémétodes in association with plants. .Several
soil livi;g nematode groups have established pho?etic
relé@ionships with insects, where the insect serves only

as a means of transport for the nematode. Poinap (1975)
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notes that members of the Cephalobidae, Aphelenchidae,
Aphelenchoididae, Dorylaimidae, Neotylenchidae, Monochidae,

‘Tylénchidae, and others, have phoretic associations with
insects. The role of other organisms in’spreading nematodes

is less clear, but migratory mammals (e.g. caribou) and birds
(e.g. geese, terns) are‘probably important long distance
dispérsal agents, particularly inp the arctic. Spaull (1973b)
~ notes that the sheathbill, the only land bird in the maritime
Antarctic, has been observed(to carry live soil nematodes in
dried mud 06 itslfeeg.

Arctic regioné appear to offer unique dispersal
opportunities for organisms with limited éctive dispersal
capabilities, which may help aécount for the wide
distributions of many arctic plants and animals. Savile
(1972) believes that winter wind dispersal over ice (and
across plains) is the most important long distance
'dispersal mechanism of arctic.plants. © Unbroken ice in
conjunction with frequent high winds offers potential for
rapid long- distance dispersal between arctic land areas that
is 'unlikely to be matched for land surroundrd by ice-free
seas. Savile (.ég. g;&!) nofes that this ‘< not a
completely haphazard means of dispersal, because all
material carried across sea ice (or frozen lake or plain)
tends to accumulate below cliffs or similar obstructions.

.Viable plant material deposited by eddies near the base of
such obstructions is accompanied by snow, ﬁineral soil

and plant fragments. These sites are accordingly well-
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watered, both by melting snow and by seepage; they accumulate
soil and humus, and they are among the most favourable sites
for plant growth. Savile's conclusions appear equally

applicable to nematodes and particularly to thoée that often

‘liye closely associated with lower,“plants, such as Plectus.

\\A . a

Water dispersal may also be important in the Arctic,
particularly for aquatic organisms which are relatively
inaccessible for wigﬁ“dispersal. The Arctic Ocean is small

in area relative to the volume of freshwater discharged into

it each summer. Presumably large amounts of organic and

inorganic materiai, toqsther with living organisms, will be
carried by currénts from one arctic land ﬁass to most others
within several years (cf. H.O. Pub. No. 705,'1958).

I earlier pointed out that nematodé diversity is
lower in the Antarctic than .in the Arctic (Antarctic
invertebrate diveréity, excluding'nematodes, is

proportionately even more reduced). Although historical

geological occurrences, or the relative harshness of the

environment, may better account for the lower diversity of
antarctic communities, arctic dispersal methods will be

either less effective, or inoperable in antarctic regions.

~ Large areas of ice-free ocean separate the Antarctic from

most possible floral and faunal sources. The g:r=at

o
circumpolar winds, with little land ‘be:: 2th them, may also
be a barrier to most aerial organisms - t© might disperse
or migrate south (Spaull, 1973b). the high proportion of

marine vertebrates in the Antarctic vertebrate fauma

< et
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indicates the ineffectiveness of arctic dispersal methods

for terrestrial vertebfates; The presence of endemic
Antarctic genera in most of the lower plént groups (Llano, 1965),
and high endemism in oribatid mites on the Antarctic

continent but rnot in the Maritimé zone (Wallwork, 1967), also
suggeség relative inaccessibility tO‘terrestrial organisms.

It is not yet clear whekher the Antarctic continent
has a highly endemic ngmatode'fauna (gf. Timm, 1971; Spaull,
1973b), but the dispersal capabilities of nemétodes, in
which they appear moré akin to micro-organisms than to most

“fhvertebrates, may make the continent more accessible to

them than to most invertebrates.
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2.3.2.3 Climatic Stability and Climatic Predictability

Proponents of climate as a determinant of community

e
diversity include Klopfer (1959), and Fischer (19690).
Exploitéiion of environments with uﬁstable/unpreaictable
climates requires that the organisms have bfoad toierance
limits to eope with the wide range ef environmental
conditions they encounter. By requiring generalization,
variable environments favour organisms with broad niches,
which reduces species diversity. Conversely} environments
with stable/predictable climates permit finer specialization
and‘narrow niches, and thereby allow greater species
diversity. \

It is evident that high latitude climates are
particularly restrictive for terrestrial vertebrates that
remain throughout the year, bue these“conditions are not as
limiting for soil living invertebrates that are:active only
in the summer. Furthermore, invertebrates in high
latitudes do not have to adapt to large diurnal temperature
variation, often accohpanied by freezing, as they do in
temperate and alpine environments. Consequently, the
arctic summer, though cool, offers a relatively benign
climate. A more important limitation of high latitude
summers.is their shortness, which probably excludes-many
invertebrates committed to annual life cycles (Downes,1964).

The ability of many nematodes to tolerate

unfavourable environmental conditions, including freezing

and desiccation, has been well documented (e.g. Cooper and



van Gundy, 1971; wallace, 1976), although the mechanisms by
which these abilities are aehieved are poorly understood.
Because the tolerant dormant condition is readily reversed
by the return of favourable conditions, nematodes are
equipped to utilize intermittently favourabie environments,
including those in which the growing season is shorter than
the nematodes' generation timee. In this regard nematode;
inay be considered an invertebrate analogue of lichens;
which can resume full activity from a desiccated condition
within approximately a minute (nematodes require more time) .
Thus lichens withstand the arctic winter with impunity,
and can make the most of brief Opportunitiee for.growth in
the bleakest arctic summers (Savile, 1972).

The above discussion shows fhat nematodes have
the broad adaptive capabllltles to function effectively in
high latitude climates, but does not(explaln their high

diversity desplte their presumed broad niche requirements.

I consider this problem in later segtlons of this chapter.

o
\

39



40

»

2.3.2.4 ‘Spatial Heterogeneity

proponents of the theory of spatial heterpgeneity
believe there is a general increase in environmental
cémpiexity towards the tropics'(Pianka,1978). Because
spatially heterogeneous environments have more‘resources, they‘
usually support more species than do homogeneous
environmenfs;l hence tropical habitats generally support
more species than do temperate and high latitude'habitats.

This theory has two subcategories, one on a
macro—sééle; the oﬁher on a micro-scale.  Simpson (1964)
calls éhe_first topographical relief, and'shows that
greater relief'increases‘theiyariety of ecological
conditions, and hence ecological niches in a region. The
component of total diversity due to topographical relief and
numbér of habitats does increase towards the tropics,
particularly for birdé and mémmals (i,e. mountains in the
tropics have temperate and.alpine environments) . However;
this subtheory is of limited value in explaining soil
nematode/globah diversity patterns because being very small,
nematodes encounter the world in a much more 'coarse grained'’
‘way than do larger organisms (pianka, 1978) .

| Micro-spatial heterogeneity is local in scale,

with the size of ghe environmental elements corresponding
roughly to the size of 'the organisms populating the region.
Eleﬁents of the environmental complex in this class might

be soil particle size, rocks and boulders, karst
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topography or the pattern and complexity of veéetation.

One of the few studies which relates species diversity

. to micro-spatial heterogeneity is that of MacArthur and
"MacArthur (1961), who showed that foliage helght diversity

| is a good predictor of bird species dlver51ty

Ll

In contrast to macro-spatial heterogeneity, there

is little reason to suppose that micro-spatial heterogeneity

of the soil environment declines with increasing latitude.

Consideration o% the Truelove Lowland soil environment

'emphasizes this point. An outstanding feature of the

loﬁland is its microtopographic, microclimatic, vegetative
and temporal heterogenelty, desplte its small area and ‘low
relief. Because of recent postglac1al uplift, the lowland
consists of a succession of.progressively older raised beach
ridges, rénging frem the presently active beach, to the
oldest fossil beach dated;ea._9,450‘yedrs B.P. (Barr, 1971).
Accompanying the succession of beeches is‘change iﬁ the
chemical enﬁironment (e.g. salinity), progressive develepment-
of soil, and change in, and development of the vegetation
(Wasilewska, 1971, found differences in'nematode species
composition in early and late stages of succession in a
sand dune forest, which increased Overall diversity in the
forest) . Iﬁterspersed with tﬂe raised beaches are’iakes)
low-1lying sedge meadows and rock outcrops which, combined
with the raised beaches, provideva continuous range of ¢

environments from permanent lakes to desert.
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Superimposed upon this mosaic of environments is
additional topographical diversity associéted with patternea
'ground caused by frost action (e.g. hummocky meadows, froét—
boil meadows, ice-wedge polygons - Muc and Bliss, 1977).
Patterned ground which occurs chiefly in cold climates,
makes an important contribution to micro-spatial heter-
geneity in tundra regions (e.g. Chernov et al., 1975a;
Bunnell et al., 1975), and clearly affects the distribution
and abundance ;0f plants (Tikhomirov, 1974); micro—organisms
(Parinkina, 1974) and soil invertebrates (Chernov et al.,
1975b) .

From the perspective of small soil inhabiting
organisms, £he Truelove Lowland in particular, and tundra
environments in general, offer a lével of micro-spatial
heterogeneity that is probably rarely exceeded, or even
matched,. by similar—-sized areas:of'temperate grassland,
ttopical savanna, or even tropical rainforest. I consider
that the micro—spétial'heterogeneity of hiéh la£i£ﬁde soil
environments is a major factor in explaining th¢ high e
diversity of-séil living nematodes in the;; envirpnmentéi
and the pfeponderange of éoil invértébrates in general
(cf£. Ryan, 1977c).

While high latitu@e soil environments showehigh
- micro-spatial diversitj, vegetation height diversity is
very reduced compared with low latitude environments. y

Consequently, for invertebrates Which live on or above the

soil surface, the number of niches is small. - The situation



-is analogous to that faeing birds in grassland compared

with tropical rain ﬂnest, in terms of the number of available
niches. I believe that lack of vertical diversity in the
vegetation is one cause of the reduced-invertebrate fauna in

the arctic (cf. Ryan, 1977¢c).



2.3.2.5 dgtoaﬁctivity‘and Stability of Production

Connell and Orias (1964) have made the most.

complete statement of the product1v1ty hypotheses. In

R

unproductlve hablgatscjanlmals may havé to take all the

food they encounter,\hmt 1n productlve habltats tgagi"’

can be more selective. Consequently, more” productlv
. . . . . LA
environments allow greater specialization, and the same

spectrum of food types can suppert more species. In
. , [
stable environments animals require less energy for

!

maintenance, and have more energy available for produc-

tion. This results in larger populations, which have
4 v
‘greater genetlc diversity. Greater genetic diversity

increases the range of habitats occupled, which increases
the chance for genetic isolationfbetween<populations,

and therefore increases the likelihood of speciation.

>

. o Q
More species increase community complexity and, through

positive feedback, make the environmeht more stable. -
I have shown that microbial-feeding nematodes

- .

dominete high latitude terrestrial nematode faunas. I
have also cited eqidence that the species diversity
and numbers of individuals of micro—organisms is high,
and probably comparable with those of lower latitudes.
Furthermore, production of micro-organisms in high

latitudes may be comparable with that of other biomes

during the biologically active period, though not on an

44
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annual bésis. ‘Parinkina (19?4)oreviewed tundra microbial
pf%dﬁction-information, and concluded that'"microbial
productivity in biologically active tundra soils is
commensurablé with that in the soils of more southern
biomes". Bootb (1977) estimated the . cent primérg
produétion utilized by heterotrophic org nisms in :
different biomes, and obtained a value, K of 62% for. xeric
forests, 65% for .prairies, 76% for mésic forésts, and
90%'fo£ tundra sites. Since.herbivory'probably accounts
for a rélatively small proportion of heterotrophic
activity in tundra environments (Bliss, 1977b), mi5;8~
'organisms appear responsiblé gér a relatively high pro-
portion of tundra heteréérophic activity. Booth concluded
that decomposable substrates are colonized more rapidly

in tundra‘environments than in any of the other biomes,
wﬁich points to a rapid tie—up of nutrients over short
physical distances by tundra decomposing populations.

It is clear that microbial production can be
both diverse and high in some(high latitude envifon~
ments, which the nematode féuna presumably reflects.
Having made this point, it is important tc estéblish
that nematodes are better equipped than most inverte-
brates to utilize habitats with diverse but low produc—

tivity, and habitats with unpredictable productivity,

because some high latitude environments undoubtedly can
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] be characterized in these.terms (e.g. polar desert --

which is repreeented by the crest habitat in my study).
Polyphégy'is clearly one attribute which fits

animals for habitats with low/ﬁncertain preducfivity.

Most nematodes are highly polyphegous (Daoy 1970). For

example, the plant parasite Pratylenchus penet¥ans
reprgduced on eech of 182 plants tested (Oostehbrink,
1957). Furthermore, nematodes endemic in one glimate
zone are not restricted to plants of that zone.

Sharma (1968) showed that many tropical plants are

excellent hosts for Tylenchorhynchus dubius, which is
widespreed in the Netherlands and is evidently limited
to temperate zones. @rimarily free-liwing fungal—"J

. r-2 -
feeding nematodes of the genera Aphelenchoides, Aphelenchus
» :

and DitYlenchus also have unspecialized feeding habits.

Aphelenchus avenae has been cultured on 54 different 7
fungi, as well as plant callus (Dropkin, 1966). "Micro-

bial-feeding nematodes show similar diversity. Dorylaimus

¢ “terbergensis feedéyon fungal spores, algae, ciliate
cysts, and other nematodes, in addition to bacteria

(Hol_is, 1957). Likewise, Mononchus potohikus can be

rear»d on bacteria, or on other nematodes (Yeates, 1969).
Another important adaptiVe characteristic of
n-matodes is their ability to persist at very low°popu—

lation densities. 1In many species (e.g. plectids) males

"
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are either rare or. unknown, and reproduction is By
parthenogene51s (cf. Goodey and Goodey, 1963"Triantaphyllou,‘
1971). These species are therefore not obliged, unlike
self- perpetuating sexually reproducing populations, to
maintain a minimum population density determined by the
maximum distance reproductive individuals must travel to
contact each ether. Consequently, the mimimum density
of resources able to support asexnafiy reproducing
individuals can be lowér‘than the density of resources
required by sexuallyfreproducing populaticons. In this
context, Spaull (l9ﬁ3b) noted‘thatvat Alamode Island,
the most southerly maritime antarctic island he inves-—
tigated, males werefrare or absent in aébrokimately
75. per cent‘of the nematode genera, whiie the cofresponding
‘figure for Signy . ’fsland the most northerly island he
studied, was less than 50 per cent ' However, there were
no productlon data. associated with this information. s

To summa%ize : the capacity of many .soil living
nematodes for poly#hagy, their ability.to maintain'low
population denSltlES, and_their fleXible responses to

j

variable env1ronmental conditions, give them the
potential to maintain high diversitylin_en&ironments

whose resources séem, at first sight, severly limiting

o P in terms of modern theories of species diversity in-relation

to resource availFbility
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Current theodries of diversity in relation to

resources pfdbably exéléin the absence of some ipvérte—
bratés from high latitudes. For exémple, hymenoptera with
higiy deveioped social sys?eﬁs (i.e. Aprocrita) are
.reéréséhtéd at Trueloye'Lowland by.bne speciés othombﬁs
(Ryan,'l977b). Eyidentiy the few flowering plants
present;are insufficient to supp@rt~Qhat is a very
efficieﬁt resource'gathefin§~sy§£ém in ﬁore producti&e £

»

environments.



2.3.2.6 Competition

Proponents of the competition theory of diversity
include Dobzhansky (1950} and Williams (i964). In diverse
and stable communities, such as tropical rain forest
populatiohs‘are thought to be often near their maximum
sizes (equilibrium populations), with the result that
competition is stréng. In these communities selection is
for competitive ability ('K selection'), and successful
organisms have narrow, well-defined zones of competitive
superiority. The resulting small niches make high
diversity possible. In contrast, populationsg in temperate
and pplar communities are considered less stable and o&ten
belo& maximum size. In such communities it is the phsyical
world to which organisms must adapt,sc that successful organisms
have broad n;ches, which reduces diversity. Because these
communities are unsaturated with individuals, combetition
is weak ér absent, and selection is for rapid reproduction
('r sélection').

May and MacArthur (1972), and May (1974), showed
that there is an effective limit to niche overlap in the
real world, and that this minimum niche 'separation
distance, measured by the ratio between interspecific
niche separation and intraspécific niche breadth, d/w, is
around 1-2. While intraspecific niche widﬁh‘is
presumably a function of environmental fluctuation (but see

below), this limit to niche overlap is insensitive to the

49
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degree of environmental fluqtuation, unless it is very
severe (e.g. as in polar environments), when speciés
packing becomes roughly inversely proportional to the
environmental variancé. Another pertinent discovery was
: made by MacArthur and Levine (1967) who showed that when
the distance between the resource optima of the resident
species 1is smaller than a certain value, a community is
closed to invasion:’ They called this value a 'limiting
similarity' in the éense that fhere is a limit to the
similarity of the ;esidents consistent with the community
still being invasible.

| Nematodes evidently are 'r strategisﬁs'; with
their very broad food and habitat»niches, small body size,
'short life span, and high<intrinsic rate of increase (see
Chapter 5) . However, despite being 'r strategists’',
nematodes maintain high diversity and densities in high

o

latitudes, and thereby constitute an anomaly in regard to

-

the above theoretical treatments. \
Roughgarden (19745 pointed out that‘the an;lyses
of May and MacArthur (1972), and MacArthur and Levins (1967)
* considered on‘ly utilizat.ia; curves with thin tails
(i.e. platykurtic curves). The platykurtic curve
represents the utilization curve of a specialist species
which is finely tuned to exploit a specific and narrow set
of resources. Roughgarden ( op. cit.) extended the above

analyses to thick-tailed (i.e. leptokurtic) curves, which is

the form of utilization curve shown by generalist species.
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He concluded that much closer species packing is possible
(i.é. d/w 4« 1-2) when the utilization curves are
leptokurtic; Furthermore,“the phenomenon of limiting
similarity is conspiCuous only when the utilizétion curves
are platykurtic, The community remains open to invasidh
even thoﬁgh the resident species are very similar, providing
that the utilization curves are leptokurtic. Roughgarden
related his mathematical analysis to as§emblages of corél
reef fishes, and tropical fruit- and flower-eating birds, and
found that clOsely related\generalist species may show very
close packing-. Yoshiyama and Roughgarden (1977) extended
Roﬁghgarden's analysisjto show that increasing niche |
dimensionality allows even’closer species papking.

While Roughgarden (1974) and Yoshiyama and
Roughgarden (1977), offered a‘possible explanation for the
diversity.of nematodes in high latitudes in termi/gi theories
of niche overlap (the high diversity of marine nematode
guilds is well established, e.g. De Bovée, 1975; ‘Heip and
Decraemer, 1974), their ideas have wider implications.
Evidently, groups of closely related generalists occur in
stable tropical environhents,‘and may estabiish closer species
packing than do specialists in the same environments. ' This
possibility pOses an important contradiction to the general
theory outlined in’ the first paragraﬁh'of'this section, whiqh
supposes that close packing in the tropics is a result of

narrow niches. Roughgarden ( op. cit.) .speculated that
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groups of closely related generalist species may be formed
when taxa are rapidly evoly%gg. Assuming‘that‘tropical
organisms a?e not:static hugi evolutionary sense, despite
their diversity and density, and accepting that evolving guilds
of generalisté can attain closer species packing than do

specialists, tropical communities need not have attained

maximum species diversity. g

The relative diversity of nematodes compared with
other invertebrates in temperate and polar environments may
be eXplained in terms of competition with other invertebrates.
As 'r selected' generalists, nematodes may be at a competitive
disadvantage in tropical invertebrate faugas»that are
‘presumably dominated by 'K sele;ted; épééialists. As one
proceeds from tropical to temperate environments, the
proportion of 'K selecged' invertebrates will decline, thereby
reducing competitive pressﬁre on nematodes, (i.e. 'ecological
release' - Pianka, 1978). This argument may be particularly
pertinent in explaining thg pigh diversity and densities of
plant parasitic nematodes in temperate habitats. 'K selected’
invertebrates are iargely absent in high latitudes, and { e
'r selected' invertebrates are much reduced. Consequen%iy,

nematodes probably experience little competition from other

invertebrates in high latitudes.
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2.3.2.7 Rarefaction and Predation

Rarefaction refers to the density-independent
removél,of organisms from a éommunity. - In communitiés
that are not fully saturgted with individuals, competition
is reduced and co-existence is possible without‘competitivé
exclusion., Consequently, communities cén be oversaturated
with species, in the sense thut moré species can co—é#ist
thaﬁ'would‘be possible if the community were fully saturated
-with individuals (Pianka, 1978). Predators can act as
rarefying agents, either by random or sélective removal of
competing pfeyrspecies, thereby allowing co-existence of
species that might be eliminated by competitive %xélusiOn»w’ﬂ
in the absence of the predator (Abrams, 1977;‘Paine; 1966 ;
Harper, 1969). Both réréfaction and predation effectively
increase allowable niche overlap, and thereby -allow closer
species‘packiné.

Because_nematodes can survive a very wide range
of physical environmental factors, common rarefaction
phenomena, such as prolonged winter, or unseasonal cold

\

during the summer, are unlikely to seriously affect them. \\

\
\

While I have little information with direct bearing on this
ﬁatter, data I obtained on nematodé densities during my

study indicate that there is little winter mortality; as |
densities'wefé high at spring thaw as they were in;the \

preceeding fall (Chapter 3). The small difference in

densities between seasons appeared to be correlated with

4
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seasonal difference in primary production.
The role of predation ih governing the diversity

o’
of high latitude nematode faunas is also difficult to assess.

Small soil arthropéds that feed on nematodes include collembola
(Brown, 1954; Murphy and Doncaster, 1957), tardigrades
(Doncasteg and Hooper, 1961; Sayre, 1969), and mites
(Rodriguez, Wade and Wells, 1962), each of which is important
iﬁ'high latitude environmths (¢f. Ryan,.1977a). Ciliates
(Doncaster and Hooper, op. cit.), sporozoa (Williams, 1967),
" and fungi (Duddington, 1955) also attack nematodes.

However, the effects of these organisms on the numbers of .
nematodes in the soil is unknown. “Possibly the most éﬁ
important predators.of hematodés in high latitudes are‘other
nematodes.‘ The numerical.importénce of dorylaimids in high
latitude.faunas may be important iﬁ this respect, because
many dorylaimids feed on other nematodes. Whether predatory
nematodes increase diversity by acting as rarefying agents is
unclea%e but they have undoubtedly increased diversity'by
éxganding into another trophic level. Since microbial-
feeding nematodes contribute a large proportion of
invertebrate standing crop and production in high latitude
environments, it seems sound evolutionary strategy for

predatory nematodes to exploit other nematodes in this

manner.
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2.3.3 Nematode Global Distribution Patterns - An Overview

As one proceeds from the equator to the poles,
soil living nematodes show three major trends in species
diversity and aensities. Fiistly, highe? plant.parasitic
nematodes increase in.diversity and density from tropical
to temperate regioné, and then decreases sharply from
temperate ‘to prag regions. Secondly, lower plant feeding
and microbial feeding nematodes also show some increase
from the tropics to temperate regions but, unlike the higher
plant parasites, maintain high diversity and densities far
into polérnrégions. Thirdly, Arctic rggions have higher
nematode diversity than do Antarctic regions.

A review of various theories purporting «to explain
species diversity patterns suggested several causes for these
nematode distribution patterns. Higher plant parasitic !
nem;tode diversity iﬁ tropical environments may be kept
relatively low by compet?ﬁ}on with a diverse fauna of other,
more specialized, herbivores. | The loss of specialized
tropical competitors from temperate féunas may help account
for theuincréased diversity of higher plant feeding nematodes
in_;empe;ate biomes. Another important influence on nematode
diversity and densities -in temperate regio may be man's

: : <
agricultural activities, inclu@ing the g[gizing.of many new
varieéies of -plants, monocultures, and transport of

agricultural materials. The relative unimportance of

higher plant parasitic nematodes in polar regions simply

r
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reflects the unimportance of higher plants in these fegions.

The relative diversity énd>;bundahce of lowervplant
feeding and microbial feeding nématodes in tropical and B
Femperate regions is probably governed by the same factors,
apart from man's agricultural activities, that affect higher
plant parasites. However, different factors become important
in polar regions.- ‘Soil micro-habitat diversity is an
important determinant of nematode diversity, and high latitude
environments may match or exceed iower latitude environmenté
in this regard. Also, lower plants and micro-organisms,
unlike higher plants, maintain high diversity and den. ities
in high latitud@s. These factors, in combination with the
broad adaptive abilities shared by many nematodes, and
relative lack of competitors, account for the high aiversity
and densities of these nematodes in high latitudes.

Lack of néarby faunal sources, and very restricted
opportunities for dispersal in the Antarctié compared with the
Arctic, probably account in part fbr the relatively small
nematode fauna in the Antarctic. Harsheér climatic
conditions, with consequent reduction in the general flora
and fauna,vdoubtlessly also contribute to the reduced nem;tbde
fauna in this region. i

The general trends in nematode diversity and
abundance from the equator to the poles are probably

paralleled by similar trends in the nematode fauna as one

procedes from low to high altitudes in the tropics.



Chapter 3

-

NEMATODE DENSITIES

‘3.1 Introduction

In this Chapter I present eéﬁimétes of nematode
densities in the four study sitesvfor July and August, 1972,
and for June to September, 1973. I correlated densities
with biotic and abiotic environmental factors characterizing
each‘study site, drawing on pertinent research piesented in
Bliss (1977)- I also interpreted the four study sites as
representative of differeﬁt widely océufring arctic
.environments (after Bliss, 1977a; Muc, 1977; Svoboda, 1977),
and I used the density/stud&ﬂsite associations to predict
nematode densities in some major arctic environments.

!
Finally, I compared nematode densities in arctic environments

N\
with densities in habitats in other bilmes.
o

P

3.2 Methods

o

-~
I established five 5 x 5 m guadrats in the Intensive

Meadow site (Hummocky Sedge-moss Meadow - Muc, 1977), and

15 in the Intensive Raised Beach site (I.R.B.). The I.R.B.

quadrats were evenly distributed between the Crest, Slope

‘and Transition zones (Svoboda, 1977). The:EME(mmdraU3wer§

used both years. v g '
I began sampling both years when the active, layer

was approximatély'S cm deep. Inftially in 1972 the samples

were collectéd on every third day. I took t&enty samples an

57
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each sampling date, one ffom each quadrat. I used él6»cm
diameter bulb planter to obtain the samples, which I randomly
selected from a grid of 6 x 6'cm squares in each quadrat.

The ﬁgmples were~5 cm deep, giving a soil volume of
approximately 140 cc.

"I took an additional 32 samples to a depth of 10 cm
from beneath the 5 cm deep samples, four on each sampling
date from 24 July to 14 August, 1973. These 5-10 cm deep
samples,_which'were'randomly selected from the locations
of the 5 cm deep samples, were élso evenly distributed
between the fopr study areas. |

| I extractéd the samples using the 'tray method' of
Whitehead and Hemming (1965). In this method the material
is spread over dquble layers of tissue paper suppdrtedion
insect screening in 28 X 52 cm plastic-goated wire baskets
standing in 30 x 27 x 5 cm plastic dishes. Water is then
added to the dishe; uﬂ;il the sdil becomes wet, and the
baskets are left in place for 24 hours. 1 éxéracted
thirty two“of these samples for a 'second 24 hours.

The nematode suspensions (ca. 1 L) I obtained from

the‘cdllecting dishes I concéntratedbinto 3 dram vials
using 40 cm high x 5 cm diameter glass cylinders: The vials
were attached to the tapered bottoms of the cylinders with\
rubber tubing and screw clamps. A tight fitting rubber
plunger run through the cylinders evefy 2 to 3 hours

!

preVentéd nematodes settling on the cylinder sides.



I allowed the suspension to(settle for approximately 12 h.
The concentrated nematodes were.heat—killed and stored in
a formalin~glycerol fixative (Séuthey, 1970) .

The extraction efficiency of the 'tray method' was
determinéd by returning counted live nematodes to autoclawed
soil (20 min at 15 psi and 245°C). I f-extracted these
nematodes for two successive 24 h periods.

Copnting was done at 25x under a gtereo microscope

: . .
in 120 mm diameter x 20 mm high glass dishes. The dishes

v J . .
were marked into eighths, and I counted a single eighth from
each sample. When a subsample contained less than 50

nematodes, I counted an additional subsample, and used the

mean of the two subsamples.

59
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3.3 Results

3.3.1 Efficiency and Rate of Extraction
Extraction efficiency was 34.4% after 24 hr, and
42.3% after 48 hr (Table 4). Numbers extracted during “he

second 24 hr averaged 27.7% of the numbers collected dur g

the first 24 hr. The soils of the four study sites had \

: . - )
similar extraction rates, and standard deviations were :
uniformly high (Table 5). / <L

3.3.2 Densities at 0-5 cm 5011 Depth
’ In 1972 the transition had the largest seaSOnal

.mean density and the meadow had the smallest (Table 6) .
,Furthermore} densitles increased progressively from the
crest, through~the slope, to the transition_zone. All four
study sites had relatively low densities at the start of the
season, Wthh increased quickly as the season progressed
(Fig. 3).
| The four sites‘?gowed the same relative densities /(’,’
in 1973 that were observed in 1972, except for the fact that
the slope mean was sllghtly larger than that of the
transition (Table 6). ) The 1973 densities were largerlthan
the equivalent 1972 values, except for the transitian, which
was a little larger in 1972. In contrast to 1972, the 1973
densities were high when sampling began, and either
remained high or declined as the season progressed (Fig. 3).

I compared densities within years using the t-test

(Li, 1964). Except when the slope and transition are

e
=
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.Results of extraction efficiency studies.

-

Table 4.
Given are nematode numbers returned to
autoclaved soil, numbers recovered during
first and second 24 l., .and .total recovery.
* (n =-8 for means and percentages) .
Numbers recovefed
¢ mean  + SD $
Initial 10040 8539 -
0-24 h 3917 4394 34.4
-24-48 h 830 779 8.0
0-48 h 4747 5155 42.4
24-48 h X 100/0-24 h '27.7
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Table 5. Numbers of nema{:ode éxtrac’oed from autoclaved
soil during two 24 h extraction periods (N = 8

forlnunbers extracted and for percentages) .

Habitat Crest j Slope  Transition Meadow
d - Number éxtracted
Mean i'sD  Mean + SD  Mean + SD  Mean *JSD
0-24 h '2570 1533 ”Jé700>'939 2840 927 798 fjiZ.
24-48 h 604 . 401 : 717 B52 904 698 246 280
'0-24h X 100 29.4 28.5 \31.6v 28.5 |

24—48hl , v-» »'- //’
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Table 6. The 1972 and 1973 seasonal maximurm, minimum
g and mean numbers of nematodes m 2 at 0 — 5§
cm soil depth for the four hébitats. n s
is given ip parentheses.
\ g Number m_2 (x106)

Range Crest Slope Transition Meadow
1972
Max 5.520 8.492 9.303 2.868
Min 0.055 0.120 1.151 0.008
Mean 1.983(64) 3.009(64) 3.770(59) 1;008(59)
+ SD 1.357 1.814 1.857 0.?61
1973
Max 10.992 10.734 9.658 3.557
Min 0.077 0.206‘ 0.947 0.177
Mean 2.736(145) 3.621(145) 3.573(145) 1.168(142)
+ SD 1.717 1.835 1.586 0.817

i

A
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 Fig. 3. The 1972 and 1973 seasonal numbers of nematodes m 2 at
: 0-5 cm soil depth, and 5-10 cm.depth, for Crest, Slope;
Transition and Meadow. Each point is the meaﬁ of 5 '

samples. ,(1972,“0—5 cm =v6———0; 1973, 0-5 c¢m = 0---0;

1973, 5-10 cm = 0—0.). . | |
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compared, all densities were different (p = 0.Q7) for bhoth
years. The transition dehSity was larger than that of the
slope at p = 0.05 in 1972, while these densities showed no

difference at this confidence level in 1973.

3.3.3 Densities at 5 = 10 cm Soil Depth

At 5 - 10 cm soil depth the slope had the largest
seasonal mean, followed by progressively smaller values in |
the crest, transition and meédow (Table 7). The crest
had the largest proportion of total nematode population in
the vertical profjile at 5 = 10 cm de?th (29.5%), followed
hy slope (15.7%), meadow (13.5%) and transition (9;12).

The crest and slaope proportions were larger than that of the
;transition af p = 0.05.

*
3.3.4 Densities in the Top 10 cm of Soil

The 1972 seasonal mean numbers of nematodes in the
top 10 cm of soil ranged from a high of 4,706,000 (slope)
to T,564,000 (meadow) (Table 8). The combined se&sonal

mean. was substantially larger in-1973. .
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Table 7. The 1973 seasonal maximum, minimum and mean
‘numbers of nematodes m—.2 at 5 - 10 cm depth
for the four habitats (n = & for means).

Number m_2 (x106)

Range Crest . Slope Transition Meadow

Max 0.963 0.947 0.391 0.309

Min 0.124 0.239 0.082 0.012

Mean 0.479 0.533 0.276 0.105

+ SD 0.313 0.227 0.107 0.093

‘5“5}.@‘:;_"7 R
o
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Table 8. The 1972 and 1973 seasonal
mean numbers of nematodes
m~2 in the top 10 cm of
soil in the four habitats.

-
1972 _ 1973
Number m~2 x 106

Crest 2.557 . 3.533

Slope 3.902 4.658

Trans. 4.7Q6 4.631

Meadow 1.301 1.564

Mean 3.117 3.597

L
)

9
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3.4 Discussion

3.4.1 . Efficiency and'Rate of Extraction

In their study of extraction Whitehead and Hemming
(1965). collected 'few' additional nematodes when they
continued extraction beyond 24 hr. Using the same method,
; increased initial recovefy b? 29.5% when I_eXfrac;ed for
an additigna} 24 hr (Table 5). When the maximum numbér of
nematodes.fgfwanted, the extraétion period shoafé be‘/
extended.

More importa..t is the efficiency of extraction.

‘I obtained a 34.4% recovery after 24 hr (Table 4). Using
a centrifugal—flotétion method, Willarg (1972) obtained
| an efficiency of 36.5% for heavy clay sgil§; .

These studies show that if extraction efficiency
is not_determined; estimates of nematode numbers may be -
rery conservative (ég. Laéerlof et al., 1975). Estimates 1\
presented in;this thesis are corrected for extraction

. . 4
efficiency. . >

3.4.2 Densities at 0 - 5 cm $0il Depth
. ~ . . “
The increase in nematode numbers' from crest,

A

through slope, to transition (Table 6) is correlated with
tﬁ% progressive increase in the; amount of vegetation in

these sites (Table 9)y althoﬁgh most\of the ngmatodes,'

probably feed on the assdciated micrgﬁorganisms . The 4
: v v T L N ’ 7
~meadow did not fit this pattern, and hall the largest Yoo

. \ i L
plant biomass and smallestqndmber of nematodes of the four sites.
\ .
>0

>

&
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Table 9. Average annual percentage plaht.cover,
' standing crop, net production (Svoboda,
1977; Muc, 1977), mean seasonal soil
water content at 0-3 cm depth, and a
one-day 24 h mean soil temperature at
5 cm depth (Courtin and Labine, 1977)
b for the four habitdts.

Crest Slope Transition Meadow
Cover | 80.5 ©92.4 100.0 . 98.0
Standjng crop . ca. 232 ca. 266 991.0 3207.0
(gm ™) ' . - .
Prodgﬁtion ca. 10.8 ca. 12.3 53.4 230.7
(gm ™) '
Soil water 11.8 24.3 '190.0 746 .4

(3 oven dry wt) -

Sgil temperature 8.6 7.4 5.1 3.1
( C ) . * ~
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There are two possihle explanations for the meadow's

~difference. First, the crest, slope and transition share

an essentially common flora dominated by Dryas integrifolia
(Svoboda, 1977), while the meadow\is.dominated by sedges
(Muc, 1977). Second, the meadoQ wag“égégﬁpldest and
Qettest of‘the study areas (i.e. the soil wés saturated -
'Addison, 1977a)(fab1e 9) .

The éxtreme wetness of the meadow hashseveral
important consequences for nematodes. fhe meadow soil
contains relatively little oxygen (Courtin and Labine, 1977),
which diffuses slowly beéause the rate of oxygen diffusion
is inversely related to soil water content. In addition,
saturated soilé may become anaerobic because bacteria use
oxygen faster thap it is replaced by diffusion (Nichglas,
1975) . Finally, in soils which are generally anaerobic
(e.g. bogs and mérshes), bacteria may givé rise to ﬁigh
concentrations of carbon dioxide, methane and hydrogen Q%
sulphid?. Free-living soil nematodes are generally aerobic)
"and become quiescent when oxygen is limited or absent
(Wallace, 1971). Nicholas (1975) reviewed the effects of
anaérobiosis on nematodes. Oxygen deficiency seems to be
a factor reducing the dispersal of nem;todes in agriéulﬁural
soiis (Wallace, 1971) and, according to Nielsen (1949), may
account for the lowerldensities‘of nematodesAin satprafed
soils compared with well-drained soils.

| The physical'cqnditions of the meadéw soil may -

affect nematode densities indirectly, through food supply.



Widden (1977) sﬁates that while the meadow had a lar

microbial population, this populgtion .is prqbably ahle|to

grow for only a short period in thé springj/possibly a

to oxygen limitatioﬁ ;nd low temperatures. . In contrast,

raised beach soils; which have lower microbial standing

Crop, are comparatively warm and well-aerated, theieb
' —

allowing micro-organisms to grow«throughout/tﬂé summer as

. s

. . - o e
long as mositure is not iting. Widden suggests that
e

the meadow has low microbial préd&:éion, while the raised
beach has high production. ¢
¢ Soil moisture content is an importéﬁt factor in
'nematode m&%ément. Smal; nematode geﬁérally’use the
surfacé tension forces of watér films to obtain l%yerage
for movement (Croll, 1970).. 1In very -wet habitafs, where
surface water films are inaccessible, nematodes are limited

to swimm%ng, which is an ineffective mode of locémotion for
many soil living species.
| It seems clear that the meadow, despite its

greater plant biomass and production, is the least‘suiﬁéble
nematade habitat of thg fou; study sites because ofiits
extrgme wetness.

The seasonal variations ih nématodé densities
within sites age more difficult to ekplain'(Fig. 3). The
lqw initial densities in 1972 may have beenvcaused by the%"

“long preceding winter (the thaw in 1972 was nearly 4 weeks

later than. in 1973). Mortality during the shorter winter
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following. 1972 appeared negligibie, be tause initjial ﬁ973
densities were as high as late 1972 densities.

Initial 1972 depsities wefe probably beiéw habitat
éarrying capacities, which permitted the rapid increase to
1973\ievels as the season progressed. With little winter
mortality, initial 1973 densities were probably close to?
carrying capacity, and therefore changed little during the
season. | :

Microhabitat variability was probably largely

responsible for differences in densities between adjacent

sampling dates. ' . :



3.4.3 Densities at 5 - 10 cm Sojl Depth
(== sy

When rematode densities‘at 5 - 10ﬂcm depth
(Table 7) are compared with densities at 6 -5 cm depth,
it is olear that most of the nematodes inhabit the top.
5 cm of soil. When this concentration of nematodes is
compared with the distribution of. organic matter and
temperature with soil depth, the reasons for the
concentration seemvclear. For example, on the crest
organic matter comprised 3.7% of soil dry weight‘in the
top 5 cm of 5011, 1.4% at 5 - 10 cm depth, and 0. 2% at
10 - 15 cm depth (Svoboda, 1974) Temperature likewise
decllned with increasing depth . For example, in the
I.R.B. in 1973 accumulated 833 degree days'above;OOC'in
the top 5 cm, 788 degree days at 5 - 10 ¢m depth,j” and
»701 degree days at 10 - 15ycm depth (Courtin andiLabine,
1977) The decllne in oizanlc matter and tempe¥ature
from 5 - 10 cm depth to 10 - 15 cm depth presumably would
be reflected by an even smaller number of nematodes at
10 - 15 cm depth than at 5. - 10 cm depth. |
| Nielsen (1949) studiedbnematode vettical

-

distributions in several habltats and found that the

largest percentage of the populatlons was geneghlly at

\’{,

0 = 1 cm s01l depth, and that numbers decreased with depth
\ .
to zero ‘at about 20 cm depth.. He concluded that a

"f/\saﬁpllng depth of 0 - 10 cm will account for 80 - 100% of

<

the fauna in most habltats

+ [
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In contrast to the situation in the top 5 cm,
where densities increased from crest to transition, the
proportion of nematodes at & - 10 cm depth decreased from

crest to transition. Courtin and Labine's (1977) soil

water data help explain this apparent anomally. Soil water

in the top '3 cm of soil, expressed as peréentage of soil
dry weight, increased from crest (41.6%) through slope
(34.7%)1and transition (214.4%) to meaaow (745.5%) in 1973.
.Soil waQEr at 10 - 13 cn ‘depth . which was cons;siegzix/leSS
'than in the top 3 cm, also increased from crest (9. 0%) to
meadow (494 1%) , although the slope had a sllghtly larger

' value (39 8%) than the transition (37 8%) The slope'
had the greatest proportlon of - so;l water at 10 - 13 cm
depth (53 4%), followed by the crest (43 7%) , meadow (39. 9%)
and transitionr(15.0%). The relat;ve dryness of the
surface soil of,the'crest and slope is a function of height
above the permafrost (and_water)table), 2}gh~temperatu¢es,
Aexposufe to wind, and opeﬁ Qegetation'— which is less
effective than closed vegetatioﬁ in prevéntingeevaporation.
I pelieve that the combination of relatively dry habitat
with r?ﬂatively wet deeper soil accounts for the greater
prOporeiOn of nematodessat 5 - 10 -cm depth on the crest

and slope than in the transition.

s

3
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. ralgmforest (Cdleman, 1970), to the German oak forest ~value

Aprev1ously cited by Yeates. :_’ : . ';/

'76
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3.4.4 Densities in the Top 10 cm of Soil

In 1973 the four study sites averaged 480%,000Q m_2

1

more nematodes than in 1972 (a 12% increase) (Table 8).

€3

The 1973 summer was longer and warmer than in 1972 ( 833
degree-days compared to 397 degree-days at 0.5 om depth on.
the I.R.B. —fCourtin%%nd Labine, 1977), resulting in

increased plant production (ca. 10% - Bliss, 1977a), and

- probably -a similqr'increase.in micro-organism production.
. o o ‘ :

I expect that few nematodes live below 10 cm depth,

and the numbers presented in Table 8 are probably realistic

‘estimates of all nematodes in the soil. ‘These numbers can

therefore be compared with estimates from .other studies.

Yeates (1972) compiled a list of published estimates of

nematode densitiee, which range from. 330,000 m'-2 in a

Danish grass field,‘to 2%,§00,000 m-zgin a German oak forest,.

'Sohlenius (pers. comm.) compiled aymore extensive list‘ S

coverlng 20 temperate, troplcal and alplne habltats, in

which the den51t1es range from §)100 m 2 in a Pueéto Rican

"

o

~

The average rank of\my estlmates lles above the

7 /

midp01nt of the. estlmates presented by Sohlenlus //Data

‘from other high latitude locations also show some high

densities. Chernov (1975b) reportedpdenSities ranging from .

800,000 m—2 in various tundra habitats on Taimyr Peninsular,

»

U.S.S.R. Spaull (1973c) obtained densities of 250,000 -



-

1,97G¢,000 m'-2 on maritime Antarctic'Signy Island. - Alpine
habitats may alsobhave relatively High>densities. For |
example, Wood (1971) obtained 3,180,000 nematodes m 2 in an
Australian alpihe herbfiéld.ﬂ These values contrast'with'
the low densities reporged for tropical forests, which
ranged froﬁ the 8,100 m-—2 in the Puerto Rican rain forest
mentioned above, to 41,000 m“2 in a.réin forest in North

Borneo (Kitazawa, 1971) . The high nematode densities in

77

high latitude/alpine habitats compared with tropical habitats

complements my earlier conclﬁsién (Chapter 2) that high
latitude nematode faunas can be more diverse than‘tropical
faunas. In Chapter 2 I suggested reasons why some high
latitude habit%ﬁg may Be more favolrable environments for

nematodes than some habitats at lower latitudes.
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3.4.5 Arctic.Communities, and Predictions of Nematode

'Dehéitieé and Species Composition

Arctic tundra areas have been.subdﬂViaed }n several
ways (e.g. Polunin, 1951;‘Andreev,.1966; Alekséndrova, 1970;
Yurtsev, 1972; Bliss, 1975). I am uéing the zohes 'Low
Arctic' and 'High Arctic' as'défiﬁed by Bliss (1975).
According to Bliss, the Low Arctic encompassés and ends with
' the mainland of the pon£inent, except for the southern end -
of Baffin Island.’ Low Arctic vggetation is chéractersitiaﬂly
closed, and is dominated by sedge marshes and wet gréssland—
sedge areas, but incl;des areas of fussock—dwarf heath on
rolling lands, lichen-dwarf heath shrubs on better-drained
' sites, and low shrub-dwarf heath with upland sedges on medium
drained slopes nearer the tundra-forest border. The High

Arctic, in terms of vegetation, characterizes all of the

Arctic Archipelago, except for the southern part of Baffin

Island. Bliss ( op. cit.) divides the High Arctic into
three main units: (1) tundra sedgelands and grasslands in
low-lying areas; (2) Polar Semi-deserts of cushion plants’or

rush-grass steppes; and (3) Polar Deserts.
/

The southern islands, including Banks, Wictoriq,
and Prince of_nges, consist méinly of aimosaic of sedge-
dominated lowlands and uplands, oftenlonly several metres
higher in elevation, dominated by cushion plants. In the

. -
northern islands, tundra sedgelands and grasslands are

restricted to coastal or near coastal lowlands of Devdn

La
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(e.g. Truelove Lowrand),'Somerset Cornwallis, Bathurst,

-

Melville and Prlnce Patric islands, and to the flord valleys

of northern Baffln, Axel Heiberg and Ellesmere 1slah¢é and

Greenland (Bliss, 1975). These lowlands, which occupy

approximately 6% of the land area of the High Arctic, are

related to the Low Arctic of the coastal plain of Alaska,

t

areas in the Mackenzie Delta region, and areas on the

" Taimyr Peninsular, U.S;§.R., in terms of ecosystem structure

and function, rather thah.to broad areas in the High Arctic
lBliss, 1977a).

Most of the High Arctic is Polar Semi-desert and
Polar Desert. Polar Semi—desert} which covers 45% of the

High Arctic land area (Bliss, 1977a), is comprised of

. cushion plant-moss/lichen communites, or herb-moss

communities. The vegetation is-gharacteristically open,
with vascular plant covlr averaging 5 to 20%, while mosses

and lichens raise total cover to 50% in many areas. The

Ly

cushion plant communities are typical of the well-drained
low—lying'uplands of Banks, Victoria and Prince of Walesb
islands, and the raised beach ridges within the coastal
lowlands of Devon, Somerset,‘Bathurst, Cornwallis, Axel
Heiberg and Ellesmere islands. Herb-moss communities
are more characteristic of many areas of Melville and the
Queen Elizabeth Islands (Bliss, 1975).

Polar Deserts, which account for 41% of the area

of the High Arctic (Bliss, 1977a), have a depauberate‘flora
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AN

(5 - 10 vascular plant species in many ar}‘.tLYBliss, 1975) .
Vascular plant cover is about 1 - 5%, wlthpllchens and mosses’
contributing an - addltlonal 1 - 10%. Patterned ground is
$widespread, and vascular plants are llmlted to the mostr
favourable sites. Large areas have only occasronal

le

cryptogams and v1rtually no vascular plants. c

Turnlng to my Truelove Lowland study sites, lt is
clear that the meadow represents a general community type B
that is characteristic of and widespread in the‘Low,Arotic,
but is of very limited occurrence in the ﬁigh Arctic.
On the other hand, the three raised beachbsites‘represent a
lgiwidespread High Arotlc Polar Semi-desert community that is
of limited occurrence in the Low Arctic. On the basis of
_ the nematode density estimates obtained for the meadow and
i ralsed beach sites, I believe that large areas of the Low
rArctlc w1ll‘prove to support substantially smaller pogﬂatuxm
of nematodes than does much of tne High Arctic. Specifically,

. — - . [y
nematode densities in High Arctic Polar Semi-deserst may

average 5 - 10 times greater than those in Low Arctic

sedgelands. Data from the Low Arctic coastal plain of

Alaska (Pt. Barrow) support my gﬁRectatlons. - MacIean
. &

(1974) reported densities from various wet mabitats at

- 2 &
Pt, Barrow ranging from 50,000 m 2 o 740,000 m 2@@

A

While the Truelove Lowland‘meadows and raised

beach study sites represent two distinct and general

community types, each can be subdivided to offer additional

@
5N
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1n51ghts into the dlstrlbutlon of nematode den51ties over
o )

large areas of Low and Hﬂgh AICth. Muc (1977) dlstingulshedﬂ;

3
three types of sedge meadow communltles on’ Trﬁelove Lowland -

; A .
hummocky meadows (whlch I lnvestlgated),vfrost boil meadows,
and_wetimeadows. Each of these meadow types is a w1despread
Low_Arctlc commnnity (Polunin,_1948; éavr;e,i1964 Por51ld,(
1955; Johnson et a_l_ 1966; Beschel, ‘3'1"9_7_;:0) W Muc ( op. <_:_.gc_ )
found the greatest plant species diverSlty in‘hummooky
meadows, wélch appear to offer alcomparatmvely benlgn habltat
that is 1ntermed1ate between ‘the other, two meadow types.'
For example, the relatlvely dry frost.£01l meadows develop
in unstable 5011 and are presumably dlffnglt for plants to.
establlsh in (plant standlng crop and productlonlwas about

half that of the other meadows - Muc, 1977). Wet meadows

appear to be a flooded form of hummocky meadow, and their

vegetation is restricted to plants tolerant of flooded - -

(=Y

condltlons.
I expect both frost b01l meadows and wet meadows}v
to suppoﬁt lower nematode densities than hummocky meadows.
-» the first because of soil 1nstab111ty, and the second
because of extreme wetness. While I know.of no data forl
frost boil meadows, MacLean7(1974) reportedtnematode |
densities for wet meadows at Pt. Barrow ranging from

2 L =2 ! -2

200,000 m ° to 310,000 m °, compared with 740,000 m for

a mesic meadow. It is on the basis of these considerations .

that I suggested a 5 - 10 fold difference in densities

"
B

s

o
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between Low Arctlc meadows and ngh Arctic Polar Seml—deserts,
rather than the 2 = 3 fold dlfference I found between theﬁ g
hummOcky‘meadow and the ralsed beaoh sites.

Diverging slightlyﬂfrom‘the'theme of"this‘section,
it is noteworthy that the hummock and hollow physlography of
hummocky meadows prov1des contrastlng mlcrohabltats which is
»lrreflected by the aSSOCLated vegetatlon (Muc, 1977), and
presumably by the nematode ‘fauna. Compared tox hummocks,

An

hollows have shallower actlve layers, are colder, and have
poorly aerated supersaturated 50115. . Hollows therefore
._resemble wet meadows, and there is consequently a -marked
‘m01sture gradlent assocrated w1th the hummock/hollow
mjcrotopography Bunnell et "al. (1975) reporte%‘a ten-
fold increase 1n’nematode denglty along a,51mllar moisture
gradient assocrated Wlth polngns, (1.e.’ from“polygon basin
" to polygen rim) Ev1dently Tmoisture: gradlents are a
dominant factor affectlng nematode den51t1es in arctic regions,
”hoth at the mlcrohabltat level, and in terms of broad
,chmunlty types.t | L & -
So-far-inpthis discussron'I have followed Bliss
:(1975, 1977a) in’ equatlng the comblned crest slope and
transltlon 51tes with Polar Seml desert. Svoboda (1977)
provided information on the plantﬁcommunities suggest’ing
that-the crest is oomparablegwith groductive Polar D&gserts.

In two sites on the Polar Desert plateau east of Truelove:

Lowland, vascula® plant cover averaged 6.9%, compared With

i
\

<

N
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'7 4% on the crest of one Lowland raised beach.(i e,‘PhaLnxpe)
Similarly, annual vascular plant production ‘was 5 3 g m % inf

one Polar Desert Slte, compared wrth an average of 6 9 g m ‘
for the trests of 11 raised beaches on the Eowland : The o8
iimportant contribution of cryptogams 13 less well documented,
‘but moSs~cover was 5.1% in one of the two Polar Desert Sites, v
compared with 2.0% on the crest I studied Keeping'in mind
that the crest 1 studied was. the most productive of the 11
crests Svoboda 1nvestigated (i.e. vascular plant productron
was 15.0 g'm_z), and that nematode densitv:in theu'average'
crest is prohably substantially lower than'my measured
denSity of 2, 795 000 sm —2 (average value from Table 8),
productive Polar Deserts conceivably may support nematode
densities in the order of 1,000, 000 m 2. In the large areas'
of Polar Desert where net vascular plant production pOSSibly
averages only 0.5 g m'_2 (svoboda, 1977), nematode densities
‘may be reduced to- 1/10 of the above ‘estimate. If these
predictiong prove correct, ngh Arctic Polar Deserts and

some Low Arctic communities (e.g. wet meadows) support
similar densities, of nematodes.

I mentioned in Chapter 2.3.2.5, that nematodes are
better.equipped than many invertebrates to utilize areas of
low/uncertain production. . While Polar Deserts are resource
poor, these resources have patchy distributions, with
relatively high local concentrations. Nematodes are likely
to show a similar pattern of densities. I base this.

expectation on the widespread occurrence of patterned ground

i



in Polar Deserts, which 'is an important factor in the

2

distrlbution of plants. Most,, plants, ‘and espeC1ally

RSN
.

mosses, are concentrated in the shallow troughs @f polygons,
2. Qr between or under frost shattered rock fragments (Muc and
Bliss,‘ﬂ977) In water def1c1ent Polar Deserts the low-
‘lying, sheltered troughs ‘are relatlvely m01st, and ~
consequently are a favoured mlcrohabltat for both plants and
invertebrates,v This situation contrasts with that in wet
’bhummockyvmeadows, in which the elevated dry end of the

moisture gradient favours most terrestrial organisms,
B including‘nematodes.‘ \

| In concluding, I wish to make clear‘that the four
%tudy sites do not represent'all-arctic communities. For
example, my studies are not applicablento dwarf shrub heath
communities which, whlle/ﬁresent on Truelove Lowland, are
characteristic of the Low Arctlc (Bliss gt al., 1977).
Likewise my studies do not apply to the relatively'dry
graminoid—moss meadows of better-drained uplands (Muc and
Bliss, 1977; Bliss et al., 1977). Ano}her distinctive
community not represented by my study sites‘is the coastal
salt marsh, which is found through much of the Low‘and
High Arctlc (Muc and Bliss, 1977). However, desplte these
_omissions, my studies.provide information of nematode
densities that is applicable to diverse communities covering
.most of the High Arctic, andAalso to large areas of the Low

r

Arctic;
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T did not determine the distribution and abundance

v §

of nematode taxa in the study sites. Howevér, there is :
sufficient published informationﬂon)species moisture

preferences~(e;g. Nielsen, 1948,_1949)~to offer a basis- for

speculation on site taxonomic composition, and thereby the

composition in the communities each»Site represents. - - For .

example, in the wet habitats (e.g. hollowspof hummocky

meadows, 'and ‘'wet meadows), species of the genera Chromadora,

“

Monhystera ana Dorylaimus are likely to be among the dominant

nematodes.. Many species of the first two genera live in
freshwater, and appear to be restricted tb.this'environment.
Thelnematode»fauna of very wet terrestrial environme;?sw
probably resembles the .flora of wet meadows in being
‘reddced in diversity, becaﬁsé of the limited number of
species that tolerate Eheéexéonditions (cf. Muc, 1977).
.A majority of soil living nematodes appears to

favour moderately wet to,'normal}'soils (Nielsen, 1949).

Species of the genera Dorylaimus, Mononchus, Teratocephalus,

Achromadora; Rhabdolaimus, Aphelenchoides, Alaimus,

Prismatolaimus,‘Cephalobus} Bunonema, Wilsonema, Acrobeles,

Tylencholaimus, Tylenchus-and Plectus, among others, are
likely to be important in these intermediate cozaitions.
Furthermore, species charac£ériétic of very wet and very
dry habitats.may overlap in such environments. Of my study
sites, tﬁe transition and slope‘(i.e. Polar Semi—désert)

probably best represent 'intermediate' soil conditions, and
y P : :
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I expect high species diversity to complement the high

densities I found in these sites. ' 1
. 3 .
1 Y 0

Relatively few species appear cansistently- '

q

abundant in very dry habitats. Nielsen (1949) lists

"three genera, Aphelenchoides, Tylenchus and Plectus, as

important contributors to the faunas of some dry habitats.

Spec1es of the genus Plectus,; in partlcular, are notable

for thelr very wide ecologlcal range, the same species

in some cases being found from the wettest to the driest
~ ' ;

. - o 1

environments. Plectids are alsoAhotable for their |

frequent association with mosses and lichens which,

of the impdrtance of these plants in,many arcticsco
is one explanation of the abundance of plectids in hjigh
latitudes (and high altitudes). Ifekpect species off the

genus Txlenchus—ahd more partichlarly, Plectus to bg major

3]

contrlbutors to the reduced faunas of Polar Deserts.

Nlelsen (1949) considers soil water condlt

species composition of the fauna is modified by the}degree
of constancy of the water, the richest fauna being found in
permanent water films and,columns.  In dfder to exist in

intermittently wet environments, the animals must be able to

survive these periods of drought. This ability is either

“ahsent, or poorly developed, in typical freshwate# forms

!



(e.qg. Ghromadora, Monhyséera), but is well—developed in .
typical moss—llvlng spec1es,’most notably, some speC1es.of
Plectus (Nielsen, op. cit.).. - |

| To‘recapitulate; the-declining moisture gradient

from wet meadows (or lakes) to Polar Deserts,‘ls paralleled

by a decllne 1n constancy ‘of soil m01sture, whlch should be -

jeflected in nematode faunas that c0nta1noprogres51vely
kvlncreas1ng proportlons of drought—re31stant species.
Because the st dy 51tes, and therefore the arctic communities
they tepresent,»lie alOng\a w:ll—defined'gradient based on|
a'limited numbe# of edaphic factors, the associatedvnematode’
faunas probably| can he‘distingulshed and defined usingl
community‘otdlnation technlques such as those used by
Johnson gE‘ gl;'(1§72;:l973).‘ These techniques are likely
to be more.eﬁfe:tive’ln defining thesevarctic nematode
4 faunas than in separatingfmany lower latitude faunas because,
as Johnson et ng (1973)Afound in closely related
.temperate communities no 51ngle factor had a domlnatlng. Y

" influence throughout all the communltles.




Chapter:'A

NEMATODE STANDING CROPS . ., -

4, l Introduction

In this chapter I prov1de estimates of mean

annual nematode standing crop. for the four study areas.
|

" These estimates are expressed in mg dry weight m 2, and in-

.

_‘calories m 2;' I have compared the dry weight estimates

with similar information for other high latitudes,

temperate and tropical ‘nematode faunas. I have also ,
compared nematode standing crops expressed in calories With
equivalent information for the other 1mportant invertebrate

groups in the Truelove Lowland study Sites._ On the baSlS

of the relative and absolute contrlbutions of nematodes and

‘other taxa to total 1nvertebrate standing crop in- the study ',

- areas, I have predicted their contributions to invertebrate

-standing ¢rop in some w1despread arctic communities

i

My standing crop estimates are based on a study of

‘seaSonal and interSite distributions of mean 1ndiv1dual‘

‘nematode dry weights. These field estimates of mean weight

serve as'one standard for’testing and refining the output of
the Ryan and Whitfield production model (Ryan, l977b), Wthh
I used to calculate nematode production (Chapter 7), and
whose output 1ncludes an estimate of standing crop. The
seasonal distribution of ‘mean weights also offers insight |
into the distribution of age,classes in time.

_ _ }
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4.2 Methods R Lt -

I took a representatlve sample of nematodes from
a randomly selected soil sample from each study site on p
five equldlstant dates spannlng the 1975 season (1. e v
18 June, 6 July, 27 July, 17.August 7 September). ‘I ' —
welghed the samples on a Cahn G2- Electrobalance accurate
to 0.05 ug, after drying for 24 hr at 86°C w1th calc1um
_cthrlde. For each of the 20 samples I d1v1ded the total
dry welght by the number of nematodes in the sample in order
‘to obtaln the mean dry we%ght in ug 1nd1v1dual 1 The
number of nematodes in the samples ranged from 126 to 561
_1nd1v1duals. j,fci ‘l

I used the two way anova w1thout repllcatlon
(Sokal and Rohlf, 1969) to test for dlfferences mwelght in’
time within studyfs;tes, and for dlfferences in welght
between study;sites. | |

| lhe mean dry weight individual—1 nematode
determined by the above procedures I combinednwith the
den31ty 1nformatlon presented in chapter 3 to estimate mean
annual standing crops in the study°51tes.‘
~ I converted publlshed nematode standlng crops

_expressed in llve welght to dry welght accordlng to- /
informatlon prov1ded by Yeates (1972), who found that
vnematode dry weight is 58.5% of fresh welght I also.uSed‘ -
information provided by Yeates on the caloric COntent.of'v |
nematode tlssue to express my standlng CcTop estlmates in

calorles. Yeates obtained a whole body calorlflc value
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of 4.285 cal mg_1 ashfree substrate, and 3.679 cal mg_l \

gsh—incldded substrate for Plectﬁs sp. and Poikilolaimus sp.
I used the ash-included value for my standing crop
calculations.

1 areonn ihformation on invertebrate standing
cropirobtainéd by Ryan (1977@, 1977c) for comparison with

my nematode standing crops in the study sites.



4.3 Results

- The mean dry weight individual-l nematode was
0.4297 + 0.1808 ug (Table 10). There was no difference
.in weight between dates, or between study sités, at the 95%
confidence lével.

Mean -individual dry weights for nematode f;unas
of -other high latitude/alpine environmehts.varied between
0.053%3 ug and 1.1946 ug, while the weights of lower latitude
faunas ranged from 0.1170 ug to 2.7086 ug (Table 11).

On Truelove Lowland the mean seasonal standing
crop. of nematodes in gm dry weigh;}m 2 in the top 10 cm of
soil ranged from 0.5589 gm (meadow) to 2.0221 gm (transition)
in 1972, and from 0.6722 mg (meadow) to 2.0016 mg (slope)
in 1973 (Table 12). The same standing croﬁs expressed in’

- calories m_z were 2056 and 7439 calories in 1972, and 2473
and 7364 calories in 1975

Mean seasonal nematode standing crops for other
high latitude/alpine faunas ranged from 0.0120 gms to
4.8261 gms dry weight (Table 11). The range for lower
latitude faunas was 0.0047-10.4130 gmé.

Nematodes dominated iﬁvertebrate standing cfop on
the raised beach with 6661 calories‘m_z, or 77% of the total
(Tablele). The Enchytraeiaae wé;% the next most imbortant

group, accounting for 924 calories (11%). The contribution

of the other groups to standing crop was relatively
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unimportant. In the meadow nematodes contributed 31% of
invertebrafe standing crop. The Enchytraeidae and Diptera
wefe the other dominant invertebrates in the meadow, with

3030 calories (46%) and 851 calories (1%%) respectively.



Table 10. Mean dry weight-in pg per individual nematode

in the four habitats on different dates in
1973. Each weight is the mean of 126-561

v

individuals.
1876/73 6/7/73 27/7/73 17/8/73 7/9/73
Crest 0.6457 0.5284  0.3918 0.2917 0.3654
Slope 0.1%92 0.2564  0.6349 0.4091  0.7391
Trans. 0.2582 0.2138  0.2541 0.3701 0.5762
Meadow 0.6135 0.4272  0.7540 0.3000 0.4242
Grand mean = 0.4297 + 0.1808
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Table 1.

* me:

Méan individual dry weight in ug, and seasonal
standing crop in gm dry weight.m—z, of

some high latitude, temperate and tropical

nematode faunas.

with an '*',

The mean dry weights marked
and the associated standing crops,

have been converted from live weights according
to Yeates (1972). '

{

Habitat

Ind. biomass
- ug dry wt

Standing crop

gm dry wt m=?

Author

Pt. Barrow,
Alaska

Signy Island.

Antarctica

Stordalen,
Sweden

Moor House,
England

Tareya,
Russia

Tropical rain

forest, Puerto

Rico

. o.1ood'
0.1167-1.1946%
0.1435%,

0.3510-0.5400*

0.2404-0.5780%

0.0120-0.1120

0.0918-4.8261

0.21%2

© 0.2797-0.4394

0.4563-4.2120

0.0047-0.0059

Bunnell
et al.,1975.

Spaull,
19734.

"Lagerldf

et al.,1975.

Baﬂége,

1963.

Chernov,

1975.

Coleman,

1970.
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Table 11. .Continued.

'F

il

Ind. biomass

Standing crop

terisaareis
!

Denmark

Habitat ug dry wt gm dry wt n~° Author
T

=
Tropical rain 2.34L00% 0.0Q234 Kitazawa;
forest, North ' . 1971.
Borneo )
Beech 0.1170% 0.0436 Phillipson
woodland, ' et al.,
England - 1977..
Cool-temperate ~ 0.9360% 0.1170 Kitazawa,
deciduous \ : - 1967.
forest, Japan
Beech forest, 0.1509 ) 0.2165. Yeates,
Denmark 1972.
Alpine herb- 0.1714% 0.4388 Wood,
field, 1971.
Australia
Mixed fen, 0.2943% 0.4434 Yeates,
England o B 1971. ;.
Heath moor, 1.7726% 0.5850 Nielsen,

- 1949.
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p——— et e ———
) Ind. biomass .fﬁtandiné\crOp
Habitat ;Eug dry wt - gm dry wt n~ %' Author
Dry sclerophyll  0.1281% 1 0.9536 , . Wood,
forest, / ‘ N o 1971.
Australia ' . - ° \ N\
. 79 4 '

0ld fields, 2.7086* 1.0238 _ Coleman,
South : ' 1971,
~Carolina, U.S.A. '

Wet sclerophyll  0.2018% 1.1993 Wood,
forest, ﬁ - 1971.
Australia | '

Beech forest, 0.198%% 2.3985 Volz,
Germany 1951. : -
Spruce forest, 1.5485% 2.6325 Nielsen,
Denmark .~ & . 1949.
Natural grass- 0.3600 3.0356 Willard,
land, Canada o 1973.
Oak forest, 0.2984* 8.8920 - Volz,
Germany S 1951.
Grass field, 0.5207* 10.4130 Nielsen,

Denmark’ : : _ 1949,




Table 12. Mean seasonal standing crop bf nematodes in

‘and cal m—2

em dry weight m in the top
10 cm of soil.
1973
gm ~cal gn  cal
Slope 1.0989 LOLA 1.5182 5585
Crest -+ 11,6769 6169 2.0016 7364
Transition 2.0221 7439 1.9900 7321
Meadow . 0.5589 2056 0.6722 2473
1.3392 4927 1.5455 5686

Mean;
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Table 13. The 1972 mean seasonal nematode standing crop,

expressed in calories m_z, for the raised

beach and meadow, compared with similar

informatifon for othef important invertebrate

taxa (calculated from Ryan, l977a)Cnématode

raised beach value = mean of the creét, slope

& transition values weighted in the ratio

1:1:4 according to Svoboda, 1977).

Raised beach Meadow

Taxa ; Cal n=2 % Cal n=2 %
Nematoda ° 6661 77.2 2 2056 31.3
Enchytraeidae Q24 10.7 3030 46,1
Collembola 561 6.5 247 3.8
Acarina 314 3.6 220 < 3.3
Diptera 135 1.6 851 12.9 ™
Crustacea 0 0 161 2.4
Tardigrada 20 0.4 12 0.2

Total 8625 8577
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high recruitment ofﬁﬁuveniles during that period.
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4,4 Discussion

4,4,1 Nematode Standing Crops in the Four Study Areas
'On the basis of the two-way anova without

replication, I used the grand mean of the individual dry

weights to calculate standing crop in eac@\of the study

sites. The two—way.anova wf%h replicétion would be a more
critical tekt for trends in weight, but would require a
five—fold increase in the eiperimental work required and,
in view of the variation in my data, I feel would lead to
the samé conclusionaﬁ; made on the basis of the two-way
anova without replication. The main consequence of my
decision is that the distribution of nematbde biomass is
strictly proportional to the distribution of densitiesz

An important imﬁlication of my finding that

weight is constant with time is that recruitment to the

‘nematode populatidn is eVenly distributed throughout the

growing season. For example, a significantly lower mean

individual biomass at some period probably indicates a
Nielsen (1961) suggested that in nemaftodes (which have
several overlapping genérafions per year) thgre'will be drift
towards "stable age distribution" (Andfewartha and Birch,

1954), and that there will therefore be stabilizatien of

mean body weight. Phillipson et al. (1977) concluded that

_their data generally supported this expectation of cdnstant

body weight, with underlying constant recruitment, in the

nematode populations they studied.



" The mean individual dry welght I obtalned is

51m11ar to the mean of 0.36 ug reported by Wlllard (1973)

‘ for the fauna of a natural grassland.. willard used the same
method as I to obtain his weights. It is_difficult to
compare'thésé dry weights, and the deriij;\;z;id esfimateS'
of standing crop, with data from other studies because
nematode biomass has usually been reported as live Weigh%,
and it is unclear how wet weight is related tQ dry weight.
For example, Ye@tes(l972) determined thatvthe average dry
weight of nematodes is 58.5% of live weight, with live
weightf“being determined by the volumetric method according
to Andrassy (1956).‘ However, Andraséy ( op. cit.) gives

a dry matter content of 10% for Aphelenchus avenae, while

Evans (i970) and de Soyza (1973) feported dry &atter content
of 31% and 20% respectively for this épecies. In order to
maKe interstudy comparisons, Willard (1973) convertéd live
'weight to dry weight using Yeates' value of 58.5%. 1
followed Willard'é procedure in my study, but I”émphasize
that the pubiished range of conversion factors makes tpe
accuracy of Yeates' value uncertain - if there is a major
error associated with his vaiue,»the resulfing.dry weiéhts,
and derived standing crops, aré probably oﬁer—gstimated.

In the several tundra communities studied by
Chernov (1975) (e g. Dryas sedge;moSs hummocky meadows,

herb. Dryas stand, herb grass stand), mean dry weights,
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converted from weq weights acpbrding to Yeates (1972),
rangedvfrom'QFBSIq ug %p 0.54L00 ug. These values are
,intefchangeable’with my,estimate., Dry weights from otner
tundra sites are 1ower Bunnell et al (1975) used a
mean dry weight of 0.1 ug, but the- orlgln of thls value is

uncertain. Lagerl&f_eﬁ' al. (1975).determ1ned a mean

weight of 0.0533iué; using live weight information from
Banage,(1963)‘and'Andrassy'(1356),‘whiéh they converted
‘according to de'SPyza (1973). - Spaull (1973c) also used
Andrassy's proceﬁures to obtain live weights which,
converted by me ACcordlng to Yeates, gave mean dry-weights
. ranging from 0.0675.to Q. 7000 ug for the communltles
‘Spaull studied.

In view of the\diverse origins of these data,
‘and of the information on temperate and tropical faunas,
it is difficult,to be confident about conclusians drawn
from -comparisons made between them. However, 1 am confident
‘that the average.weight of the nematodes of'Tfuelove.‘
Lowland, and probably of. Tareya (Chernov, 1975) and
Signy Island (Spaull, 1973c) as well, is'n;gher than for
many lower latltude nematode faunas onsequently, the
standing crops of these faunas are relatlvely larger
compared with lower latltude faunas than would be. expected

on the bas1s of densities alone The main reason,for these

V“,hlgh average weights is the numerlcal importance of spe01es
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'of the genera Plectus, Eudorylaimus and Dorylaimus, which

generally are large nematodes (e.g. Plectus parientinus

adults welghed 3. Ol 3. 85 ug, Eudorylalmus spp adults

weighed 1.66- 17 33 ug -'Spaull, 19730) Of course, any
fauna, whether hlgh latitude or low, in whlch these genera
'are numerlcally 1mportant w1ll have high average welght

(e g Nlélsen, 1949)



103

~
/

4.4.2 Arctic Communities, and Predictions of Nematode
N - ’ ) . ‘. ' . i . , . , ) .o .
Standing Crops, and Relative Contribution»to

Invertebrate Standing CrOps

Because mean 1ndiv1dual nematode biomass was

~the same for the four study Sites,”the arctic communities

representedtby the study sites will have nematode standing

crops that are proportional to the nematode densities they

.suppont.l,For‘example, drawing on the rationale and predicted

densities.I offered in Chapter 3.4, 5 Low’ Arctic meadows
probablywsupport standing crops in the order of10,27074 gm
dry weight m_2, compared with approximately 2.0 gm I - |
obtained in the Polar Semi—desert Similarly, productive‘
Polar Desert may support 0.5 gm of nematode standing crop,
and unproductive Polar Desert about O 05 . gm. |

As a noteworthy as1de, my predicted nematode

' standing crOp for unproductive Polar Desert is’ higher than :

the standing crops of‘the two ' tropical rain forests I
listed, anddisvsimilar to that of a beeohiwoodlanddin
Englandf{Table 11). Prodnotive éolarbDesert is even more
impressive - my predicted‘value is larger than half of the

listed opical and temperate standing crops. Assuming

these eXpectations are.valid,.they support my thesis that-

- High Arctic environments are more.favourable for soil

nematodes -than aregmany lower latitude'enyironments.
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Useful predictions can also be made concerning
the relative contributibn of ﬁematodes to invertebrate
standing crop in arctic communities. For example, although
nematodes contributed SignifiCanfly to invertebrate standing
.crop in fhe hummocky meadow, aquatic invertebratesu(e.g.‘
'Enchytragidae, Diptera, Crustacea) were the dominant
contributors (i.e. 61%). Bearing in mind the lower nematode
densities and sfanding crops I predicted for Low Arctic wet
meadows, I expect that in largevareas of Low Arctic nematodes
contribute a smaller ?roportion of invertebrate standing
crop than the 31% I recorded in the mesic hummocky meadow.
For example, nematodes contributed an aVerage éf 3% of
»standing crop of the major inveftebrate groups involved in
dééomposition processes in several hydric habitats at
Pt. Barrow, Alaska (Bunnell et g;.,‘1975);

4 On the basis of the ove?ﬁ%elming contribution of
nematodes to‘invertebrate standing crop on the raised beach
(i.e. 77%), I expect nematodes to dominate invertebrate
standing crop in High Arctic Polar Semi-deserts and Polar
Deserts. One reason for the dominance of nematodes in
these typical High Arctic communities is the marked decline
or loss of several groups that are important contributors

"to invertebrate standing crop in wet environments; including

the Enchytraeidae, Chironomidae and Crustacea. These groups.. -

e .
I consider "typical" T.ow Arctic invertebrates, which occur

'
‘

ars

-
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in the Higthrctic as a result of "historical accident"
that has placed small areas 'of wet Low Arctic in the dry
- High Arctic. ,

Apart froﬁ nematodes, several groups; including
Collembola agg Acaring (Addison, 1977b; Ryan, 1977a),
increase from meadow to raised beach. These I consider
"typical" High Arctic invertebrates. However, I expect
the relative contribution of nematodes to in&ertebrate
standing crop increases from Polar Semi-desert to Polar
Desert, because nematodes are probably least commltted
to living closely assoolated with the very sparse Vascular
plants (cf. Addison, 1977b), can relatively easily avoid
extreme conditions at the "soil surface by living deeper in
the soil (Chapter 3.4.3), and have high tolerance of dry
conditions.’ Déta for the Acarina support my expectations.
Combining Acarina density information (Addison, pers. comm. )
with biomass data (Ryan,51977a), I estimated that in 1972
‘mites contributed 0.0852 gm to invertebrate tiomass in the
transition zone, and only 0.0255 gm on the combined slope
~and crest. By comparison, nematodes accounted for 2}0221 gm.
in the trapsition, and 1.3879 gm on_ the combined slope and
crest. Collembola do not so clearly support my éxpectatidns.
Addison (1977b) estimated Collembola standing crop &n the
Plateau (Polar Desert) to be 0.0053 gm dry weight m =2 in

1973, compared with my. nematode estlmate of about O 2 gm
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By comparison, on the combined slqpe and crest.Collemb
accounted for 0.0536 gif in 1973, while nematodes contributed
1.7599 gm. Collembola, like nematodes, appear able to move
déeper into the soil as sﬁrface\EBnditions deteriorate ﬁ
(Addison, op. EEE;)- Consequently, I expect-Collembola
also to incre;se in relative éontribufion to %nvertebrate
standing crop as-one progresses from Polar Semi-desert to
Polar Desert.

Other terrestrial environments in which nematodes-
probably contribute a large proportion of invertebrate
standing crop include beaches (e.g. sand dunes - Yeétes,
1968), hot desérts (e.g. Crawford, 1979) and alpiné’habitats.
The relatively harsh conditions at the soil surface iﬁathese
environments pfobably selectively‘reduce invertebrates that
cannof readily move and li;e below the surface.

Finally, the distribution of total invertebrate
biomass ramong the s%ﬁdy sites may indicate the relative
amount of invertebfatéfstéﬁding ¢rbp“t0ube:expectedvin“the;_

, ggépr~arctio-Qommunities., Invertebrate stéﬁdiﬁé éféé Sf |
‘the raised beach was éé%fléiger than that of the meadow
(Table 13). Beafing in mind that the transition éndvéfbpe
éontriﬁuteﬁé 1afger‘pfoportion‘ofvraised beach invertebfate
sfanding crop than does the cresf, these data raise the
possibility that High Arctic Polar Semi-deserts support

1

standing crops that are as large as, or larger than those cf
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Low Arctic wet meadows. Furthermore, productive Polar
Deserts may -come close to meaddws in bjiomass supported.

For example, in l972‘the crest had 4043 calories n~° of
nematode tissue, compared with the meadow's 6577 calories
of invertebrate tissue. Of course, the relatively high
invertébrate biomass I expect in High Arctic communities
partly reflects the large nematode biomass iﬁ these
‘communities. Muc (1977) offers another partial explanation
for my expectations in noting that flooding "... led to

a reductian in (plant) species composition and a more
uniform distribution-of plants tolerant of flooded conditions."
" He found that mean seasonal vascular plant sténding crop

was lower in wet meadows than in drier hummocky meadows.
. S



Chapter 5

GROWTH, REPRODUCTION AND POPULATION

GROWTH OF CHILOPLACUS SP.

5.1 Introduction

I know of no‘information on growth, reproduction
Aand population growth for«High Arctic free-living soil
nematodes at the temperatures they commonly encounter. In
this chapter I present this information for an undescrlbed

species of the genus Chiloplacus (Famlly Cephalobldae)

- This genus is represented by at least three species at,
Lake Hazen, Ellesmere Island, in the Canadian High Arctic
(Mulvey, 1963) These are generally medium—sized nematodes

‘of a little under 1. O mm length as adults Most of the
Spe01es have been found in decaylng plant material or 1n
15011 Accordlng to Goodey and Goodey (1963) they are
'probably saprophagus or mlcroblvorous feeders.

I studled in detall 1nd1v1dual growth rate and‘
reproductlve rate at 10°C (Truelove Lowland soil temepratures
reached 17°C at 5 cm depth - Courtin and Labine, 1977), and
I determihed population growth rates at temﬁeratures ranging
from 0°C to 25°C. I chose to include growth rate response

at high temperatures to permit direet'comparison wlth sidilar

‘ulnformatlon for temperate and troplcal nematodes. In

rev1ew1ng research on adaptatlon of invertebrates to life

108 .
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in cold environments, it became clear to.me that there are
few studies which compare the pérformances of animals from
high and low jatitudes under similar conditions (cf.
Scholander et - al., 1953) . The population growth rate
studies also illustrate the effect of temperature on
instrinsic rate of inCrease'(r), which I believe has not
previously been done for a free-living soil nematqde.

An important funéﬁion of my studies of ChiloElaéus
sp. was to provide information required by the Ryan and
whitfield production model (Ryan, 1977a) to estiméte
nematode production. I am treating Chiloplacus sp.as a
'representative' arctic nematode, and these data supercede
information I used to obtain earliér production estimates
(Procter, 1977a). Pertinent information includes-weight',
range duration of larval and adult stagés, and fecundity.
These stud{es also provide an independent estimate of-
cohort duration, which is part of the production model's
output, thereby permitting partial testing of the model's
performaﬁce.

several of the above éxperiments presentea serioué
technical problems. Weighing the small numbers éf nématbdes
involved in some experiments, and aging specimens was
difficult. To circumvent these problems I performed
éeveral additionai experiments to obtain functions éllowing

me to estimate weight and age from length imformation,

length being guick and easy to determine.’ e :
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5.2 Methods

R o
5.2.1 Conversion Factors

5.2.1.1 Length—Weight Relationshig

The range of'lengths encompassed by newly
hatched and adult nematodes (from a 0.24 mm to 1.32 mm)
was- subdivided into 28 units of 0.04 mm length.’ I
accumulated several ind@viq¥§ls at each iength (e.g.
470 ind. of A 0.24 mm, and 10 ind. of 1.28-1.32 mm), and
determined fﬁeir combined and mean dry weights according
to the methods in Chapter 4.2. I thep plotted logar- |
ithmically the mean dry weight against lengtﬁ, and |
‘obtained a pégression equétion_acdordiﬁg to Sokal and

Rohlf {(1969). This equatiOnfwas.used to estimate dry

weight from observed length.

5.2.1.2 Length-Age Relationship at 10°C L

I used the logistic equation describing the

growth curve of Chiloplacus sp.at 10°C (Section 5.2.2) +o

convert dry weight to age, according to the function

*0.5085 . .

14+ é_0'1725 (t~23.7) (e.g. Ricklefs, 1967). Because I

W=

previously related dry weigﬁt to length with the regression

equation (Section 5.2.1.1),.the twp egﬁ@tions_tqgether

L

“‘allow age to be estimated from length at 10°C. [ :\..0 700 ‘oo el

®
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5. 2 2 Growth of Chlloplacus sp.at 10°C

V I carrled-out the growth experlments 1n 90 mm "W
7;d1ameter X 15 mm hlgh petrl dlshes A colony of the»,“
fungus Phoma sp (Wldden, 1977) was establlshed in each ’
'dish as food for the nematodes, u51ng Difco Bacto- agar'

contalnlng domestlc vegetable juice (V8) as the fungal

o 'growth medium.. Each dlsh was llnoculated w1th hO neﬁly j“'””“"””'ﬁ

{hatched (1 e <24 hr old) second stage larvae, Wthh were
drawn from a colony malntalned at lO°C Forty flve dlshes
were prepared in this manner, -then were divided 1nto 15

0
sets of 3 replicates and placed in a Precision Scientific

Co. Freas Low Temperature Incubator (Model 815) at
10.0+ 0.3°C. The dishes were kept in a darkened box to
avoid possible influence of light on development.

I sacrificed one set of replicates every fourth
day following initiation of the experiment until day 60,
when the last replicates were taken. The nematodes were
extracted, killed, counted, and the length of each nematode
recorded. The first appearance of eggs and Juvenile
nematodes was also noted. I determined the mean length -

individual nematode™ T repllcate_l, and converted these data

" to dry welght accordlng to the regre551on equatlon

“iflog Wo=-0. Log2 + 2 6536 108 L (Sectlon 5 i3 l) o The mean

'l7fiweight of each set: of converted repllcates I used as my



measure of growth.

With the growth data expressed as dry welght I
fitted the logfstlc, Gompertz and von Bertalanffy growth
equatlons to the growth curve accordlng to procedures
given by Ricklefs (1967). Because the loglstlc equation

. gave the best fit, I used it to characterize the growth

curve.
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5.2.3 Reprodnction of Chiloplacus ep.at 10%C

5.2.%.1 Duration of Egg Stage, and Hatching Success

One hundred newly laid eggs ( <24 hr old)
_obtained from adults reared at 10°C were placed in each

of five 68 mm diameter X 18 mm high glass dishes containing

b“( distilled water Each ‘dish was covered With a petri dlSh

1id and placed in a Freas Low Temperature Incubator at
10 O+O 3°C. The dishes were checked on alternate days for
'newly hatched larvae, which were removed counted, and .. ..
- time of hatching recorded. I continued this procedure

until no further eggs-hatched.

5.2.%.2 Number of Eggs laid per Female, Age-specific

‘Fecundity Rates, and Intrinsic Rate of

Naturalblncrease

‘The feproduction experiménts, like the growth
studies.(i.e; Section 5.2. 2) were conducted 1n petri -
dishes containing colonies of the fungus Eﬁgma sp However,
for the reproduction experiments 1 innoculated each dish
with one pre-reproductive individual, which I drew from a
culture maintained at 10°C. I established six replicates,
which I placed in a darkened box in a Freas Incubator at
10.0i0.3°C. Every seventh day follOWing initiation of the
experiments, I extracted and counted the eggs and nematodes,

and measured the juvenile nematodes. The founding adults

~

-
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T returned‘ﬁo“the'Cﬁfthes'after each extraction. | I

,followed_this;procedurebuntil no further eggs or nematodes

occurred_inythescultures‘(ife. 77 ‘days after the experiments e

. started), I also recorded time of disappearance of each

founding adult. Because the age span of the extracted

'
. Juvenlle nematodes was at 1east seven days, ‘due to the

' “seVen day sampllng 1nterval I aged them u51ng the .length- :

age relatlonshlp outlined in Section 5. 2 1 2. The extracted
eggs had a similar rangeﬁinuagelbut,~because.I did not
establish~a method of aging them, I arbitrarily distributed
_them evenly among the preceding seven days.

Because the above procedures did not permit
direct observation of eggs laid female_l, I obtained this
information indirectly. \For example, I estimated the
number of eggs lald to produce the observed number of
Juvenlles by 1ncreaslng the. observed number of . Juvenlles
in proportlon to- the percentage.hatchlng success.l Slmllarly,
to obtain thernumber’of'juveniles hatched, I reduced the -
observed number of eggs in proportion‘to the percentage
hatching success, and combined this figure with the
observed. number of Jjuveniles.

: I determlned (l) age- spe01f1c fecundlty rates

'R_'; (3) 1ntr1ns1c rate of increase { (h) mean length
O N
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of a generatioﬁ“'T'ﬁ (5) fheYCOnfribution of each agé‘

'T'group to .the' value of rpt (6) stable age dlstrlbutlon,

and (7) blrth—rate and death- rate, accordlng to

procedures glven by Birch (1948)
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5 2 4 Populatlon growth of Chlloplacus sp.at various

temperatures

I conducted the populatlon growth studles at
. \O°,v2°, 5?, lO° ‘15°,-20° and 25°C. These experlments
also took place in’ petrl dlShES contalnlng the fungus?
Phoma sp However, for the populatlon studles I inoculated
each dlSh with five gravid females obtalned from colonles
malntalned at the- experlmental temperatures. I establlshed
six sets of three replicates at 0°, 2° and 5°G, and four
sets of three replicates at 10°, 150 20° and 25°C. - The
“_cultures were malntalned in Freas 1ncubators at the
.approprlate temperatures : Slngle sets of repllcates were
sacrlflced at 28-day 1ntervals at O°' 25,:53 and lO°Q and
?;at l4-day, intervals at 15° 20° and 25°C The nematodes
' 'were extracted kllled and counted Because the numbers.pig.v
. of nematodes often became very large as the experiments
"Jprogressed I subsampled to facilitate .counting (cf.

Chapter 3.2).

I fltted several descrlptlve functions to the
R

Erowth data, including the loglstlc, Gompertz and von
Bertalanffy growth equations (Ricklefs, 1967), and I~
alsortested for geometrlc progre551on in these data

(-».‘wpllllams y L961): : Because the exponentlal gxwth expressmn,
logeN(t) - logeNa('O) .
r= T ,testdexxﬂmd;xpuhnimlgnwth,I used this

-function"to determine the rate of population growth at all terrperaturés.

L



io,determihe the lowest'temperature at w%;éh
population growth occurs, I plotted rate of'populaﬁion
increasev'rf at each temperature against temperat re, and
bbtained aAregression équation’according to Sokal| and
Rohlf (1969) The critical temperafure I'obtaine\ in this
. manner I‘used as the base on which to express g@nératlon

'time and cohort duratlon in degree-days. - ,k .



5.3 Results

5.3.1 Conversion factors

The relationship between body weight, W, and
length, L, is represented by the equation:

log W = -0.4062 + 2.6526 log L,
.where W is in ug dry wt, L is in mm, -0.4062 (log
weight of a 1 mm individual) is the ihtercept, and 2;6526
is the slope of the log-log plot of weight Qersus length
(Figure 4). The 95% confidence limits for -0.4062 are
-0.4384 and -0.3739. The regression coefficient is signi-
ficant at p = 0.01, and the 95% confidence limits are '
2.5280 and 2.7772, while the coefficient of determination,
r? = 0. 9843.

According to the length/agelequivalents
presented in Table 14, a 0.24 mm long individual is 0.3

days old, while a 1.0 Rm individual is 30.8 days old.

The 0.04 mm length interval is 2'days in age.
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Fig. 4. Weight as a function of }Jngth for
' Chiloplacus sp.
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Table 1. ZLength/age equivalents based on the equations:
- log W = —O.h062_+ 2.6526 log L
| (log weight regressed on log length); and
R :.—%0.6?/25@—23:7) (ogietic = o
eq&aiioﬁ relating weight to age).
Length Weight Logistic
(1) (W) conversion V&;e
mm ug factors days
0.24 0.0089 -1.0070 0.3
0.28 0.0134 ~0.9024 2.8 i
0.32 0.0191 -0.8109 L:9
0.36 0.0261 -0.7292 £.8
0.40 0.03L45 -0.6551 8.5
0.4, 0.0L45 -0.5861 10.1
0.48 0.0560 -0.522), ' 11.6
0.52 0.0693 -0.4616 13.0
0.56 0.08L3 -0.4040 14.3
0.60 0.1013 - -0.3478 _ 15.6
0.64 0.1202 -0.2932 16.9
0.68 0.1411 -0.2392 18.2
0.72 0.1642 -0.1851~ 19.4
©0.76 0.1895 -0.1302 20.7
0.80 0.2172 - ~0.0734 22.0
0.84 0.2472 A -0.0139 23.4
0.88 0.2796 0.0500 ] 21;.9
0.92 0.3146 0.1210 26.5
0.96 0.3522 0.2031 28.1
1.00 0.3925 0.3047 30.8
1.04 0.435L 0.L461 3L.1
1.08 0.7183 - Lo.L

0.4813
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5.3.2 Growth of Chiloplacus sp.at 10°C

The growth curve of Chiloplacus sp., expressed

in weight, was sigmoid in form (Figure 5). Mean hatching
weight was 0.0084 ug d}y Qeigh%, and ‘the maximum adult
weight was 0.5260 ug (Table 15). The first eggs, weighing
0.0092 ug, were iaid 26 + 2 days after hatching, by
'individuals weighiné approximately 0.3 ug.” The first

juveniles'appeared 38 + 2 days after their parents hatched.

The growth of Chiloplacus sp. is described by

the equation:

0.5085 i
1 + e 0.1725(t-23.7) -

where W is dry weight in ug, 0.5085 is the asymptote
in ug dry weight, 0.1725 is a constant which is propdrf
tional to overall'growth‘rate, t is time i% days from
hatching, and 23.7 is time }n days from hatching to the
point of inflectioq of the growth curve.‘ |

The logistic conversion factors fo; the érowth
curve are plotted against time in Figure 6, and the growth
curve with the weight data expressed as percentages of the

asymptote, is shown in Figure 7.

Pe
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Fig. 5. The growth curve of Chiloplacus sp. expressed in

ug dry weight.
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Table 15. Growth data and logistic conversion factors for the
growth curve for Chiloplacus sp.at

weight is the mean- of 3 repllcqtes each w. th

. L],O nemartodes.,__, s e e e e
_ ‘ % of
Age - days Weight § ‘estimated Logistic
from ug a;symptote conversion

hatching ' I o (O 5085 ug) - - fac‘tors '
0 " 0.008L 1.59 _ -1.0216
L 0.0173 ' 3.0 -0.8365

8 0.0418 . 8.22 -0.6032
12 R 0.0437 - 8.89 -0.5911
16 0.0811 15.95 -0.418L

20 E 0.1631 ' 32.07 . -0.1876 -
2l 0.2407 L7:3L -0.0266
28 0.3450 67.85 0.1867
32 ~0.4103 ~ 80.69 ~0.3577
36 o 0.4595 . 90.36 0.5597
Lo 0.5072 . 99.74 1.4916
Ll . 0.5157 101.12 —_—
48 , 0.5001 98.35 1.0216
52 * 0.5016 98.6l 1.0717
56 0.5001 98.35 1.0216
60 i 0.5260 103.L4 | —_—

= 30.04 with 8 4f
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Age ~ days

The logistic conversion factors for the
Chiloplacus Sp, growth data at 10°C.
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Growth curve of Chiloplacus sp.ét 10°C-.

expressed as percentage of the asymptote.
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5.3.3 Reproduction of Chiloplacus sp. at 10°C |

The mean duration (+ standard deviation) of the
egg stage was 16.8 + 0.3 days, and the mean hatchiﬁg
sﬁccéss was 46.8 + 7.8% (Fig. 8). |

The ébSérved‘and estimated total mean numbers
(+ standard deviation) of'eggs laid per female were
38.3’i 23.0 and 3i7;8 + 89.2 respéétivéiy,:and'ﬁhéjobéeived )
and estimated total mean numbers of juveniles hatched
“'Qére 130.8 + 40.6 and 148.8 + 41.6 respectively (Table 16).

A Nef reproductivélrate 'Rd'.Was 148.8 at 10°C

(Tablayl?). The maximum age attained was approximately
99 days, beginning as new-laid eggs, and the reproductive
period spanned approximately 56 days.

Intrinsic rate of increase 'r' was 0.09508
at 10°C, and mean length of generation 'T' was 52.6
days . (Table 18);

The first three age groups, which spanned 12 of
56 reproductive days, contributed 80.58% of the value of
£ when r = 0.09508 (Table 19)l

The stable age distribution of Chiloplacus sp.

at 10°C when r = 0.0951 was 91.5% immatures and 8.5%
adults (Table 20).
The instantaneous birth-rate 'b' was 3.92693,
the instantaneous death-rate 'd' was 3.83185, and the finite

rate of increase tA' was 1.09975.
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16.8 + 0.3 days,
168 degree days

Mean hatching time replicata-1i SD =
Mean hatching success replicate-1i S0 = 46,8 + 7.6%

S

Fig. 8. Duration of egg stage and hatching success

for Chiloplacus sp. Each point is the mean
of 5 replicates and includes the standard
deviation. Temperature = 10°C.




Téble 16. / Mean number of eggs laid, and juveniles

‘hatched by si% Chilophacus sp. females

during the réproductive period. The
estimated numbers assume that 46.8% of
the eggs laid do hatch.

SD

0
H
|+

Number of eggs

observed and

removed o . 38.3 23,0

Estimated no. of
eggs that would
have hatched

(i.e. 46.8%) . 18.0 10.6

Number of
juveniles observed

and 'removed + 130.8 ‘ 40.6

Estimated no. of
.eggs laid to produce
observed no. of

juveniles 279.5 ' 87.0

Estimated no. of
eggs laid . 317.8 89.2

Estimated no. of
juveniles hatched - 148.8 ' 41.6
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Table 17. Life\\Sble age-specific fecundlty rates of the eggulaylng
' " period, and net reproductive rate (R ) for hlloplacus
sp. at 10°C
A\
_ Pivotal age
in days
(x) (1,) (=) (14m,)
L3 0.468 26.00 12,1667
L7 " 83.26 38.9680
51 " 42.32 19.80L47
55 " 26.72 12.5067
59 " 29.65 13.8753
63 " '29.69 13,8967
67 " 27.48 12.8613
71 " 24.11 111.2833
75 " 8.49 3.9713
79 - 0.468 5.37 2.51L0
83 0.390 6.27 2.LL67
87 0.390 7.4 ©2.9007
91 0.390 2.76 1.0780
95 0.234 2.1k 0.5000
99 0.078 Jp— —
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Table 18. - Calculation of intrinsic rate of increase 'r' for
,Chiloplgcus sp.at 10°C by trial and error substitution
in the expression 5Ee7_rxlxmx = 1097. Mean length
of a geneiation,‘T, is falculated from
T = 10géHo”
—_

(=) . (1,m) (7-rx) (™)
13 - 12,1667 2.9116 18,3855
L7 38,9680 2.5312 12.5691
51 - 19.804L7 2.1509 18.5928
55 - 12,5067 1.7706 5,87kl
59. 13.8753 1.3903 14.0160
63 ©13.8967 1.0100 2.7455
67 12,8613 0.6296 1.8769

n 11.2833 0.2L493 1.2832
75 3.9713 -0.1310 0.8772
79 2.5140 -0.5113 0.5997
83 2.L1467 -0.8916 0.44100
87 2.9007 ~1.2720 0.2803
91 1.0780 -1.6523 0.1916
95 0.5000 ~2.0326 0.1310
r = 0.09508 925 T . 1096.8
T = 52.6 days 13 xx
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Table 19. The contribution of each age group to the
) . value of r when r = 0.09508.

4} -

. Pivotal age : (1me

- Percentage
in days ‘ contribution
(x) | of'eaéh. |
' coL , : ‘age group

S 223.7 A 20,10
L7 . 189.8 L. 66
51 170.2 15,52
55 . 135 670

59 . 55.7 ~5.08
63 . 38.2 3.48
67 _ ol.1 : 2.20
71 . 14.5 ' 1.32
75 . 35 .32
19 1.5 ‘ 0.14
83 1.0 © 0.09
87 0.8 0.07
91 | 0.2 y o 0.02

95 0.1 : . 0.01

1096.8 100.01
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Table 20. Stable age distribution of Chiloplacus sp.at 10°C
when r = 0.09508,

Percentagé
L ) distribution
(x) (1) (e rm(x)) (e rm(x)) ~ 100p1_e rm(x)
. ~
19 0.468 0.164225 0.0768573 31.662
23 0.468 0.112271 0.0525),28 21.6L6  ©
27 0.4L68 0.076753 0.035920) 14.798 E
31 0.468 0.052472 0.02)45568 10.117° E
35 0.468 0.035872 0.0167880 ‘6.9%6 ®
39 0.468 0.02,52) 0.0114772 L.728 4
L3 0.468 0.016765 0.0078460 3.232
L7 0.4L68 0.0114L62 0.005362 2.210
51 0.468 0.007836 0.0036672 1.511
55 0.4L68 0.005357 0.0025070 1.033
59 0.468 0.003662 0.0017138" 0.706
63 0.468 . 0.00250L 0.0011718 0.,83 2
67 0.468 0.001712 0.0008012 0.330 %
71 0.468 0.001170 0.0005475 0.226
79 0.1468 0.000800 0.000771; 0.18,
79 0.468 0.0005L,7 0 102559 0.105
83 0.390 . 0.00037L 0.0001,58 0.060
87 0.390 0.000256 0.0000998 0.041
91 0.390 0.000175 0.0000682 0.028
95 0.234 0.000119 0.0000278 0.011
99 0.078 0.000082 0.0000063 0.003 ~_
1/p = 0.2L27394

100.000
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5.3.4 Population ogrowth of Chiloplacus sp. at variocus

tenperatures

At 25°C the pcpulation increased from five

to approximately 40,000 individuwals in 42 days (Fig. 9).
In ocmtrast, at 0°C the initial five individuals did not
reproduce during the six months of the experiment. At

- the ’inte;ﬁéﬁiate temperatures, population growth rates

were also intermediate.

The values of the intrinsic rate of increase,
W, -

r, ranged from 0.0178 at 2°C, to 0.2131 at 25°C (Table 21).

The value of r at 10°C was 0.0823.

The relation of r to temperature is described
by the function:’ |

r = 0.0088 + 0.0075T

The 95% confidence 1limits for 0.0088 are -0.0074 and
0.0250. According to this function population growth does
not occur below -1.16 + 1.80°C (Fig. 10). The regression
cqafficient is significant at p = 0.01, and %ts 95%
éébfidence liriits are 0.0043 and 0.0107, while the
correlation coefficient = 0.9796.

Mean genération time at 10°C calculated fram
life table age - spécific fecunditv rates was 587.2 degree-

days above -1.16°C (Table 22). - =ration time at 10°C
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calculated from the population growth data was 678.3

degree—days. (bserved ochart duration at 10°C was 1104.8

degree-days.
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Fig. 9.
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Population growth of Chiloplacus sp. at

various temperatures. Each experiment
started at day zero with 5 adults, and

each point is the mean of 3 replicates.
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Table 21. Relatich between population growth rate, r, and time at

‘ various temperatures for Chiloplacus sp., assuming that
population growth is expmenti.al;
~ Temperature °c

Parameter 2 5 10 | 15 20 25

r 0.0178 0.0605 0.0823 0.1216 0.1384 0.2131

a 2.0436 1.3078 1.8744 1.5214 1.7704 2.0136

Corr.

coeff. 0.9824 0.9530 0.9905 0.9975 0.9922 0.9931
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Intrinsic rate of increase

0.28

' 0.24

0.20
.16
0,12
0.08

0.04

r = 0.0088 + 0.0075T

0 5 10 15 20 25

Temperaturse °c

Fig.'10. Rate of population increase (r) as a

function of temperature. When r = O,
T =-1.16353 i.e., there is no population
growth at or below -1.16%.
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generation time and cohort duraticn

Table 22. Chiloplacus sp.
at 10°C expressed in dequee—days above -1.16

°c.

Mean generation trime calculated from the life
table age—specific fecundity rates,:

Generation time calculated from the population

growth data.

Cbserved cohort duratian.

587.2

678.3

1104.8
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5.4 Discussion

5.4.1 Form of the individual growth curve

Growth curves based on length have been drawn for
several species of nematodes, }ncluding both parasitic and
free-living forms (Bird, 1971; Fisher;‘l970; Sohlenius, 1968,
1973a). 'These curves are typically sigmoid in shape, and
the four steps of the hypothetical curve for nematode
growth (Rogers, 1962; Lee, 1965), representing the four
molts which normally occur before the adult stage is reached,
are ra;ely apparent (Bird, 1971). Exceptions include species

of Cylindrocorpus (Chin and Taylor, 1970) and Acrobeloides

nanus (Sohlenius, 197%a), in which the four molts do occur
as dlstlnct steps. The linear growth curve I obtalned for

Chlloplacus sp. is of the smooth sigmoidal fofm

Bird (1971) suggested that the common divergence

. frbm-the hypothetical curve is because growth either is not

interrupted by molting, as in Caenorhabditis briggsae

1

(Jantﬁnen, 1964), or does not occur betweenyparasitic molts,

as in Meloidogyne (Bird, 1959). According to Bi}d (1971),

in most parasitic species greatest growth occu{;fafter the -
last molt and molting tends to occur in the first half of

the growth curve. Sohlenius (1968, 1973%a) found that free-

living species of rhabditida also continue to grow after

the adult stage is reached. Aphelenchus avenae likewise
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grows substantially after the final molt (de Soyza, 1973),
~and I observed a similar pattern of development in

Chiloplacus sp.

Few growth curves of free-living soil nematodes
have been expressed in weight - I know of such information

only for Aphelenchus avenae (de Soyza, 1973), and my own

data for Chilgplabus sp. In both species the weight curves

are sigmoid in form. Furthermore, the weight curve of

Chilpplacus sp. is described by the logistic equatiqn.
S

Ricklefs (1968, 1973) showed that for birds a useful index

‘ ¢
of variation in the form of the growth curve is the @ - v

location of the point of inflec

of growth accomplished. In nany®

Chiloplacus sp., the absolute rate of growth does not begin

to decrease until half or more of the total growth has-been
attained.‘ In other species the most rapid weight increase
occurs early in the growth period ahd the point of inflection
may .be reached with less than one-third of total growth
zompleted. The Gompertz growth equation (Laird, et al.,
1965) and, more particularly, the von Bertalanffy growth
equation (von Bertalanffy, 1960; Fabens, 1965) are useful
alternatives to the logistic equation, because they better
fit growéh curves exhibiting marked slowing of growfh rate

and prolongation of the growth period in the ldater stages

.df growth.
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These equétions are potentially powerful tools
f%% Eéking inferspecific comparisons of gro&th (Ricklefs,
1967). For example, the pattern of the growth curve may
be-éohéidéred in terms of éelection and K selection, on
gy -

the assumgtlgn that growth patterns are formed, at least in

part by natupal selection. Rlcklef% (1ggg¥:sﬁuq;es on

birds demonstrate somg of the p0551b111t1es;§?;this kind of
analysis. All 60 Passeriform species Rlcklefs’analyzed

fell within the logistic group, as did most other small

land birds and raptors. On f%e other hand, those spe01es
placed in the Gompertz and von Bertalanffy groups belonged
predominately to the larger, more slowly growing |
Pelecaniformes, Ciconiiformés‘*and Charadriiformes, but

also included other species large for their ofders.

Von Bertalaﬁf@y (1957) proposed three géneral
weight growth types (which are dictated by three different
metabolic types - seebChapte; 6), encompassing more diverse
animals. In von Bertalanffy;s "first" metabolic/growfh type,
the weight curve is sigmoidal, with a point of inflection
at about one third of the final weight. H;s "second"
metabolic(growth type is characterized by exponential
weight growth, and the "third" metabolic/growth type is,
like his "irst" type, characterized by sigmoidal weight

curves. However, these latter sigmoidal curves lie between
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the "first" and "third" curves in form, that is, the points
of inflection lie in theAupper portions of the growth curves.
The three grewth equations used by RiCRiefs (1967) I consider
to be special cases of von Bertalanffy's "first" metabdife/
growth types, insofar as their points of 1nflectlon lie at
or below 50% of the final weight (von Bertalanffy's "first"
metabolic/growth type receives a formal statement in. the
equation bearing his name - this equation I consider too
restrictive to encompass the diversity.of animals falling ’
within his first metabolic/g?owth category, as Ricklefs
with his studies of birds has shown).

At this point I wish to‘develop the, idea that the‘
weight growth curvee &Sed by Ricklefs represent an adaptive
range of growth forms that is encompassed by a Qfdef
adaptive range represented by von Bertalanffy's growth types.
For example, the ekpenential growth curve may be. the-
ultimate strategy for the r selected organlsm. Using the
logistic curve as a convenlent starting p01nt progressive
movement of reproduction forward in time will bring reproduction
down to the point of inflection leading to, (1) the
exponential curve, (2) reduced time to sexual maturity,
and (3) reproductive maturity at a smaller size. On the
other hand, the von Bertalanffy growth curve may represent
the ultimate strategy for K selected organisﬁé. Again

starting with the logistic curve, movement of reproduction



. backward in time,w%ll (1) shift reproduction away from the
point of inflection (whiéh is at 30% of the ;symptote on
the von Bertalanffy curve), (2) increase time to sexual |
maturity, and (3) increase the size ét which feproduction_
occurs. At the same time, freedoq“from fhe energy
requirements of early.reproduction—may‘open the way for
increased maximum size.

| Exponential growth seems "good" strategy for very
small organisms that are presumably sugject to a greater
number of adverse environmental factors than aré 1afge
organisms. Swift growth through all stages presumably
reduces the general vulneraﬁility of‘small organisms.
On fhe other ggnd, I find intuitively acceptablg the idea
that large organisms "need" exponential growth only in the
very early part of the growth curve wﬁbn»they”are relaﬁively
vulnerable. .

This thesis needs qualificafioﬁ in the sense that
vno one group of organisms is likely to show the full range
of curves described above. For example, birds appear fo
favour a fairly narrow range of sigmoid curves (Ricklefs,
1968), Oh the other hand, insects may favour the
exponential end of the range. Evidently, the type of

metabolism, among other factors, will concentrate a group

of organisms in a reduced portion of the.range of curves,
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as von Bertalanffy's (1957) thesis indicates. However,
each group should show a range of curves, the factors
governing Wthh should operate on a broader scale between
groups. |

Wnile acknowledging tne lack of pertinent
information ¢n growth curves f§r nematodes, by analogy with
birds I am prepared to nredictxhow growth curve types may -

be distributed among free-living soil nematodes. ' Firstly,
. (‘v B

it
N

" "extreme r*strategists" suck as the small, rapidly growing
rhabditida (Johnson et al., 1974) will have a prep%nderance
.of sigmoidal growth‘curves that tend towards the exponential
curve (i.e. the points of inflection of the growth_cnrwes
will generally lie between 50% and 100% of the esymptote).

The thabditid Diplogaster nudicapitatus is an example of

this type of species (Sonlenius, 1968). Secbndly, probebie
K strategists like the large, slow growing doryleimids 1&
'(Johnsenigt ‘al., op. cit.) and eudorylaimids will more
freqnently have growth curves best described by the Gompertz
and'von Bertalanffy equati;ns (i.e. the points ef infieétiOn__
of the growth curves will generallyhlie between 0% and 50%
:.0f the asymptote). - Finally(f"intermediate" strategists like =
the:tylenchids'(Johnson_gi al., .op. cit.) should fall |
between the extreme T and K strategists in frequency of
occurrence of the dlfferent growth types. In other words,

1oglstlc and - .very 51mllar growth curves should be represented

relatlvely frequently. Probable "1ntermed1até strategist

®



R T 145

.

Chiloplaéus sp.(gi. Sections 5.ﬁ.2,05°h.3) has ‘a growth
curve best described by the logiStic‘gquatioh (this étugy).'f
Although the form of.the growth curve is preSﬁmably
an important iﬂdicatof of a species' gyowfh strategy, form
alone’ is insufficient to adequately éharacterize the strategy.
Growth rate and metabolic type need also to be conéidered
in order to fully characterizé growfh. Furthermore, if an
organism's growth is to be considered in the. broader confext ;
}of a general adaptive strategy, then fecundity and age- |
specifig'reproductive tactics musf also be congidered. I

will consider these parameters further in. these contexts

in the‘remaindér of this Chapter and in Chapter 6. ¥ ¢

O
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5.4.2 Growth Rate, Generation Time and Longevity

Species belonging to the Rhabditidae and
Diplogasteridae are among the most rapidly growing of soil

nematodes (e.g. Sohlenius, 1973b). Rhabditis terricola

reared from newly laid eggs at 22°C, 15°C and 5°C, 'reached
full size ‘after 5, 8 and about 18 days respectively

(Sohlenius, 1968). Diplogaster nudicapitatus grows even

more quickly - it reached maximum size in about 3 days at
22°C (Sohlenius,  op. cit.)-. Sohlenius found that

Rhabditis maupasi, Pelodera teres and Mesodiplogaster Sp.

grew at about the same rate as R. terricola. Similarly,

Chaung (1962) reported that Rhabditis teres completed

.development in about 3 days at 18°C. As might be expected,
the generation times and longevity of these species are also
short (eig. Sohlenius, 1973b, .

Tyienchids genefally seem to develop more slowly
than do the Rhabditidae and Diplogasteridae. Pillail and

Taylor (1967) found that two species of Ditylenchus both

required 25 days to reach sexual maturity at 20°C, and more

than 90 days at 10°C. Neotylenchus 1linfordi, Aphelenchus

avenae and Paraphelenchus acontioides needed 23,22 and 18 -

'days respectively to attain maturity at 20°C, and all
required more than 90 days at 10°C (Pillai and Taylor, op.

cit.)..
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Species belonging to the Cephalobidae also develop
more slowly than do the Rhabditidae and Diplogasteridae
(e.g. Sohelnius, 1973b) and seem more comparable to tylenchids
in ﬁhelr growth rates, generation times and longev1ty

Acrobeles complexus attained sexual maturity in 32 days at

250C (Thomas, 1965). Acrobeloides buetschlii developed more

quickly, taking 9-10 days at 25°C (Nicholas,'l962).

Acrobeloides nanus took 11 days at 21°C and 21 days at 13°C

(Sohlenius, 1973%a), while Cephalobus persegnis required

12-13 days at 20°C (Popovici, 1972). For comparison,

Chiloplacus sp. took 4% days to reach sexual maturity at

10°C, and completed growth in approximately 55 days.

Plectus parientinus (Plectidae) developed.from

egg to adult female in approximately 50. days at 10°-13°C,
and requlred 60 days until eggs ‘were again laid (Maggenti,
1961). Nielsen (1949) reported a development time of 20-25
days at 20-22°C for one spe01es of Plectus, and approx1mately
20 days at 15-16°C for another species.

Less is known about the life histories of other
greups.‘ Johnson et gl.(l97h) noted that many dorylaimid
species have relatively long life spans, citing unpublished

information from their laboratory. Mononchus aquaticus'(a

dorylaimid), had generation times of 16, 20, 45 and 90+ days
at ®50, 220, 15° and 10°C respectively (Grootaert and

Maertens, 1976). Several members of the Monhysteridae also
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have fairly long life spans. The marine species Monhystera

denticulata had generation times of 10, 18 and 180 days

(at optimum salinity) at 25°, 15° and 5°C (Tietjen and Lee,

1972). Similarly, Monhystera disjuncta had generation times

" of 13, 17 and 135 days at 17°-22°, 9°-12° and -1°-+1°C, |

while Theristks pertenuis took 23 and 47 days at the two .

higher temperatures (Tietjen and Lee, op. cit.). Neither
species, incidentally, survived at 28°C. Finally,

Oncholaimus oxyuris (Oncholaimidae) generation times varied

between 101 days at 25°C and 570 days at 5°C (Heip et al.,

1978), and Oncholaimus brachycercus took 399 days at 7°C
(Gerlach and Schrage, 1972). .
On the basis of their répid growth rates and short

development times, many rhabditids Jjustify classification

~as r strategists (i.e. Johnson et al., 1974). ‘By comparison,

many tylenchids are better classified”as "intermediate"

strategists (Johnson et al., op. cit.). To this intermediate

L]

category may be added several species of Cephalobidae,

including Chiléplacus sp., and several species of Plectus.
= - .

Only Oncholaimus oxyuris and Oncholaimus brachycercus of the

species I mentioned above have exceptionally long development
times. On this basis I consider these species obvious K
strategists.

The above studies do not provide enough information

to allow me to test my predicted relationships between the
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form of the growth curve and the rate of growth (¢cf. Section
5.4.1). However, several species hint at the possibilities.

For example, the very rapidly growing rhabditid Diplogaster

nudicapitatus had a length growth curvé for which the point

»

of inflection was very close to the asymptote (Sohlenius,
1968). In other words, most of thé*gﬁ?wih was exponentlal

The length growth curves of Rhabditis terricola showed less

extreme forms of the same phenomenon. In contrast, growth

of the more slowly developing Chiloplacus sp. was better

represented by the logistic curve (Figure 7). Study of

the form of the growth curves of species such as Oncholaimus

zyrl and the dorylalmlds will throw further 'light on
the problem. ‘ -
Temperature clearly has a striking, and expected,

effect upon nematode growth rates. For example, Monhystera

denticulata showed an 18-fold increase in generation time

when culture temperature was lowered from 25° to 5°C
(Tietjen and Lee, 1972). However, the above data also
illustrate more subtle developmental responses to lowered

D
temperature. Sohlenius (1968) noted that the upper and
\ v

i

lower limits for reproduction and development differ between

species. For examplg, Thomas (1965) found tgat the lower

temperaturg threshold ‘for Acrobeles complexus was between
10° and 15°C, thereby agreeing with Wallace's (1961) general

conclusion that the minimum temperature of phytoparasitic

Ly
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nematodes is about 10-15°C. Tylenchus emarginatus did not

reproduce below 10°C (Gowen, 1970), and Diplogaster

nudicapitatus did not lay eggs at 5°C (Sohlenius, 1968).

Other species Ilave even lower thresholds. Chiloplacus sp.

grow and reprodﬁced at 2°C but not at 0°C (this study).

The marine nematode Monhystera disjuncta grew and reproduced

at -1°-+1°C (Gerlach and Schrage, 1971).

of pafficular note is the observation that species-
“with relatively lowered upper and lower témperatuﬁg
thresholds may develop more fapidly than do'species with
higher thresholds when they are reared at the same temperatures.

For example, Chiloplacus sp.had a genération tifié of 52.6

days at 10°C (Table 18), and Monhystera disjuncta took 17

days at 9°-12°C (Gerlach and Schrage, 1971). By comparison,

two species of Ditylenchus, Aphelenchué avenae, Neotylenchus

linfordi and Paraphelenchus acontioides all had generation

times greater than 90 days at 10°C (Pillai and Taylor, 1967).

Some cold-adapted poikilotherms (particularly
aquatic organisms) metabolize much faster than would be
predicted by extrapolating the metabolic rates of warm-
adapted species down to low;temperafures (e.g. Hochachka and
Somero, 1973). Evidently, rate compensation to tem, erature
may occur in growth as well aé in respiration (cf. ﬁochachka
and Somero, op. cit.). B

~
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Nematodes from Arctic and Alpine terrestrial
esosystems probably have lower than average tempe;ature
thresholds for growth, reproduction and activity. These
nematodesvshould'likewise have relatively high growth rate
compensation to temperature. Nematodes from cold freshwater
and marine habitats may be similarly characterized. On the
other'hand,‘in nematodes of hot deserts and tropical rain
forests; both upper and lower thresholds should be relatively
high. However, nematodes of hot deserts may also have a
relatively large range between thresholds, with some growth
rate Compensation at low temperatures, because of the wide
diurnal range of temperatures they encounter. o

Temperature is not only an important determlnant
of growth rate, but it also affects the amount of growth in
several species of nematodes. Some nematodes gETrow substantlally

larger at lower temperatures than they do at higher temperatures,

For examp”,e4 at 35°C Panagrellus silusiae males averaged
1.60 mm in 1enéth and females 1.90 mm (Gysels, 1964).
However, P. silusiae attained greatest length at 10°C, with
males reaehing 1.94 mm, and females 2.53 mm. The effect of

temperature upon size of Rhabditis terricola is even greater

(Sohlenius, 1968). At 25°, 22°, 15% and 5°C, the average
female lengths were 1,13 mm, 1.27 mm, 1,78 mm and 2.08 mm

respectivelyv Similarly, females of Ceihalobus nanus ayveraged

o
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about 0.45 mm in length at 22°-23°C, and approximately
0.55 mm at 15°-17°C (Popovici, 1973%). Chiloplacus sp.

also grew larger at lower temperatures, although I did not
attempf to quantify my observations. ~ A

"Hochachka and Somero (1973), in explaining
seasonal low témpérature metabplic compensation, offer a
pﬁysiolog;cdl basis for increased growth at low temperatures.
They observed that because basal or maintenance metabolism
is reduced at low temperatures, poikilothermic organisms
probably héed not maintain as high a metabolic rate at low
fémﬁ%ratures as they do at higher temperatureé. If maintenance
metabolism is reduced at low temperatures, the organism may
be able to channel a larger share of its food into the
synthesis of energy storage compounds, such as fats, and
into protein synthesis (i.e. "growth"). Selection in cold’
environments presumably favours organisms which are able to
redirect their metabolic flow in ways consistent with
maximal use of their ingested food (cf. Hochachka and
Somero, op. cit.). Nematodes characteristic of cold
envirbnments (e.g. species of the geﬁus Plectﬁs) may have
greafer capacity for adaptation of this kind than do
nematodes characteristic of warm environments.

if the phenomenon of increased size in reéponse
to reduced temperatures is widespread among hematodes, it

offers one explanation for %he-high individual biomass of
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arctic nematodes (cf. Chapter 4.4.1). On the basis of
this argument, alpine nematghes can also be expected to
have relatively high individual biomass. Coﬁversely,
nematodes of hot deserts.and tropical rain forests should
have relatively low individual biomass compared with
nematodes of other ecosystems. This trend, incidently,

offers the pogéibility of a nematode/invertebrate analogue

of Bergmann's rule (cf. Villee et al., 1978).
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5.4.% Fecundity and Reproductive Effort

Nematodes vary Qidely in their fecundi-ie= (e.g.
Paramonov, 1962). Among the tylenchids there are species
of Anguina which produce up to 2,500 eggs per female
(Paramonov, oOp. Elf-)- Many species of rhabditids and
heteroderids may be equally fecund. Other species are more

moderately fecund, including Chiloplacus sp. which produces

an average of 318 eggs per female (this study), Cephalobus =

Qersegnis~with 299 eggs per female (Popowici, 1972), and

Aphelenchus .avenae which averages 199+ eggs per female

(Fisher, 1968). Most tylenchids also have moderate
fecundities (Paramonov, 0OD. cit.). Species with low

fecundities include Acrobeloides nanus, with approximately

40 eggs per feméle Sﬁ6hiénius, 1973a), and Oncholaimus

oxyuris with approximately 30 eggs per female (Heip et al.,

'1978). Gerlach and Schrage (1971) studied 6 free-living

marine nematodes whose fecurdities raﬁged from 16 to 36
eggs per female. )

The limited data availdble suggest a correlation
bétween nematode size, lbngevity and fecuq?ity. Among
bacéerial feeding nematodes at least, most species of
Rhabditidae and Diplogasteridae both grow faster and have
higher fecundities than do the Cephalobidae (e.é. Sohleniu: ,
1973b). Dorylaimids tend to be large and nany have few

offspring in addition td relatively long life spans

%
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(Johnson et al., 1974). The large Oncholaimus oxyuris

also has low fecundity in addition to being relatively
lbng—lived (Heip et gl., 1978). While more data are

needed to establish the generality of these trends, the

above information supports Johnson et al. ( op. cit.)

in th;ir classification of rhabditids as extréme r strategists,
and tylenchids as a group as intermediate sérategists

(cf. Section 5.4.1).

The evolution of reproductive tactics has received
considerable attention during the last decade (e.g. Gadgil
and Solbrig, 1972; Pianka and Parker, 1975; Hirshfield and
Tinkle, 1975). Reproductive effort, as a key component of
an ofganiém's reproductive tactics; has drawn much of this
attention. Nematode reprodUctivé efforﬁ is difficult to

assess from published information, because the weights of

adult females and their eggs are rarely given. I made a

crude est%mage of reproductive effort for Chiloplacus sp.
using the ratio of adult tissue to reproductive tissue
produced (cf. Tinkle and Hadley, 1975). The ratio for this

A

species was 1:5.75. The same ratio for Aphelenchus avenae,

calculated from de Soyza's (1973) production data, was
1:2.13. Acknowledging the lack of pértinent information, I
am prepared to suggest trends in the ratio aﬁong other
nematodes., While the wéight,of the mature egg relative to

the weight of the adult may be inversely related to fecundity
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(e.g. fewer but larger, nfitter" offspring - Pianka, 1978),
I expect nematode re;roductiVe effort be roughly proportioal
to fecundity. In other- words, rhabditids and heteroderids
will have very high ratios, tylenchids generally moderate

‘ratios (e.g. similar to the ratios of Chiloplacus sp. and

A. avenae), and dor&laimids will usually have low ratios.

Temperature not onlyQfoects the size attained
by some nematodes’(cf Section 5.4. 2), but also affects the
amount of energy some species expend in reproduction.

Several species lay fewer eggs at 1ower temperatures

Oncholaimus oxyuris at 25°; 20°, 15°, 10° and 5°C averaged

36.8, 34.3, 18.5 and 13.5 eggs-pergfemale respectively
a

(Heip et al., 1978). Similarly, nagpelafmus rigidus

at 20°C laid 111 eggs, and at 10°C laid 8 eggs (Mianowska,

1976). Monhystera denticulata laid 18-24 eggs at 15°C, and

10-17 at 5°C-(Tietjen and Lee, 1972). At 22° and 15°C

Rhabditis terricola produced 258 and 150 eggs respectively

(Sohlenius, 1966). Acrobeloides nanus (Sohlenius, 1973a)

and Ceﬁhalobus nanus (Popovici, 1973%) also laid fewer eggs

at lower tempefatures.

Rhabditis terricola, Acrobeloides nanus and

Cephalobus nanus are particularly irnteresting because they
show both increasing size and declining reproductive effort
with falling temperature. Assuming that these animals have

a finite amount of energy that can be flexibly apportioned
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to different processes (cf. Section 5.4.2), when the

amount-of energy assigned to one process is changed, then

the amount assigned to other processes may also be changed.
There seems little doubt that different metabo. ic pathways
within the same organism have very different responses to
temperature (i.e. have different Qg values) ( “hachka
‘and Somero, 1973). Reproductlve rate may be mo:e temperature
sensitive than growth rate ( and will therefore have a hlgher'
QlO)‘ Reproduction probably also has a higﬁer low teﬁﬁerature’
threshold than does.growth (e.g. Pattee et al., 1973). As
" temperature declines, the more rapid sﬁppression of
reproductive effort'wili make more energy available for
growth. This "freed" energy may apgﬁent the increased growth
accrulng from lowered metabolic mg;ntenance"requirements at
low temperatures (cf. Section 5.4.2). The two mechaniems
.comblned therefore constitute a more powerful, albeit tentative,
explanation of my proposed nematode/lnvertebrate analggae

of Bergmann's r§2e. As sueh, this explanation is vdry
different frem the one given for‘Bergmann‘s rule (e.g.
Villee et al., 1978). |

’Nemetodes evidently offer iﬂteresting opportunities

for studying the apportioning of energy between growth and
reproduction. Some nematodes may also be particular&y :
suitable for the experimental study of the "cost" of

reproductive effort in terms of mortality of the reproducing

females (¢f. Pianka and Parker, 1975) . For example, sexually



isolated adult females of Rhabditis terricola (which

reproduces<sexually) lived for about 12 days at_20°vand 
15°C, but the longesf time an egg-laying female lived was
7 days (Sohlenius, 1968). In this species maximgm ;
repyoductivevoutput-seems to reqﬁire the]continuoué
presence of males, which makes possible the experimental

manipulation of reproductive effort.



5.4.4 Age-specific Reproductive Tactics

Several‘species of nematodes other than Chiloplacus

sp.have'been shown to begin egg-laying substantially before

reaching naximum size. Aphelenchus avenae reared at 26°C
began egg—laying at the age of 6 days, but ceased growing.
at 10 days (de Soyza, 1973) In other words, this spe01es_
began egg- laylng at 51. 53% of final weight. Rhabdltls ,. |
terglcola reared at 15°C began egg- laylng at 5 6 days, but
completed growth at approximately: S days (Sohlenlus, 1968)

Slmllarly, Acrobe101des nanus reared at '13°C reached ‘adult-

hood in 12'days (i.e. accomplished the hﬁh molt), began egg-
laying at 15-16 days,‘ahd attained maximum length at
aﬁproximately 21 days (Sohlenius, 1973a). It is not cleaf
vfrom the literature that_ea;ly reproduction is universal
among nematodes, but I expect it is a comﬁbh occurrence.'

The shifting of fhe.start of reproduction to
progressively earlief parts of the growth curve seems an
obvious evolutionary strategy for r selected.organ%sms;
because shortening generation'time is an effective Way:of
indfeésiﬁg the intrinsic rate of increase, r (e;g. Southwood,
1976). Furthermore, the closer the onset of sexual matufitye
approaches the point of inflection of the gfowth cﬁrve, the
more closely'it-becomes associatea with‘the most raﬁidly_
attained portion.of growth. In other words, loss of size

at onset of maturity is compensated for by the maximum
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possible growth rate to maturity. Holometabolous insects,
whose larvae appear Highly specializéd for efficient growth,
and which prébably have exponential growth curves (e.g.

von Bertalanffy, 1957), may represent the culmination of

my suggested evolutionary trend, albeit at a higher level
of organization. This kind of specialization, incidently,
may help account for Fenchel's (1974) observation that
animals at higher levels of organization have higher values
of r thaﬁ do animals of the same size at lower levels of
organization (¢cf. Chapter 9.2). For contrast with my
proposed extreme r stfategy, modern western man offers an
example of extreme K strategy. Because of changing eéonomic
and social mores, reproduction is being progressively '

shifted far past both thé onset of reproductivity maturity

~and the attainment of maximqg\size.

In predicting the size/age at onset of reproduction

of

relative to the size/dge at cessation of growth among free-
|

living soil nematodes, I sugéest the followingjpatterns

(cf. Section 5.4.1): (1) extreme r strategisté like the
rhabditida will begin reproduction at either‘(a) relatively
small size or, (b) relatively close'gé the point of inflection

of the growth curve; (2) K strategists like the dorylaimids

~will begin reproduction at either (a) relatively large size
~or, (b) relatively distant from the point of inflection of
I

‘ the growth curve; and (3) intermediate strategists-like the
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tylenchids, Chiloplacus sp. and Aphelenchus avenae, will fall

between the r and K strategists in these characteristics.

Chiloplacus sp. accomplished 47.68% of egg production
before growth ceased (i.e. about 12 days), and completed the

remainder in the following 44 days (Table 18).- For comparison,

Aphelenchus avenae (at 26°C) accoimplished 33.37% of egg
production before growth ceased (i.e. 5 days), and produced
the remaining eggs over 15 days (de Soyza, 1973).

The value of "early" reproduction is demonstrated

by Table 19, 1In C%iloplacus sp. the first 4 days of

reproductive life account for 20.40% of the value of r, the
first 8 days account for 65.16%, and the first 12 days
account for 80.58%. By contrast, the last 4 day interval
éontributes 0.0l%. The significance of the data in Table 19.

ié that the intrinsic rate of increase is determined to a
much greatér extent by the rate of egg—layinglin the first
12 days of adult life than by the total numbef_of eggs laid,
even though only 47.68% of egg production was "accomplished
in the first 12 days (cf. Birch, 1948). Eggs laid in

: - - - » '
successive time intervals make reduced contributions to r.

In the case of Chilopligus Spey.for each egg laid in the
firsf 4 days of adult life, it requires 1.46‘times as many
eggs‘in the second interval to make the same contribgtion
to the value of r, (1.46)% in the third interval, ‘and

(1.46)" 1 in the ntn interval (¢cf. Birch, op. cit.). The
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ratio 1.46:1 is the ratio between successive weighting
values e/ T* per egg in Table 18 (Birch, op. ¢it.).
Birch (1948) presented comparable -data for the

rice weevil Calandra oryzae which emphasizes the importance

of the early réte of egg-laying in determining the value
of r. In this species only 27% of the eggs were laid in
thé first 2 weeks, but these eggs contributed 85% of the
vélue of r. The ratio between successive weighting factors
was 2.1:1, |

Theuabove analysis permits quantitative assessment
of the effects on the intrinsic rate of increaserof changes
in the time of reproéuction, rate of reproduction, . fecundity,
and the form of thé survivorship curve. In other words,
this analysis is a means of distinguishing between different
components of T and K strategles

Compared with Chiloplacus sp., 1 expect r strateglst

nematodes to have higher rates of egg-laying in the early
part of the‘reproductive period. The reproductive period

- may also be relatively short. Many of the very fertile
r“abditiqé,'anguins and heteroderids are also distinéuished
‘by highly,Synéhronized egg prodﬁction (Paramonov, 1962).

On the other hand, K strategist nematodes probably have
lower early rates of egg-laying aﬁd more extended egg-

laying, than do intermediate strategiéts'like Chiloplécus

<

sp. My predictions lead, on the 6ne.hand, to the conventional
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r strategy of a single short reproduction and, on the
other, to the conventional K strategy of repeated reproduction
(e.g. Pianka, 1978).
An important ability in r selected nematodes
Jdiving in very cold environments may be the capacity to

maintain high early rates of egg-laying at low temperatﬁres.

For example, Acrobeloides nanus had a high early rate of

egg-laying at 21°C, but a much reduced eurly rate at 13°C,
even allowing for thejféct that fewer eggs were'produced at

13°C (i.e. 57% of the 21°C output) (Sohlenius, 1973%a).

Similarly, Panagrolaimus rigidus had a high eérlyuegg—
laying réte at 30°C, a somewhat reduced early rate at

20°C, and a uniform rate throﬁghout the reproductive period
at 10°C (Mianowska, 1976). This means that for these
species the intrinsic rate of increase at the lower
temperatures will be lower than at the higher temperatures
by an amount greater than expected from the decline in

- @
temperature alone. By comparison, the pattern of egg-

laying of Chiloplacus sp. at 10°C resembled that of
A. nanus at 21°C, and that of P. rigidus at 30°C.

(o4



NG —

W/‘v’ , 164

5.4.5 The Intrinsic Rate of Natural Increase, T

The length of the de‘vél'ental stages, the
reproductive effort; the age schedule of fggundity and the
life table of a species, may all be embodied in the single
function,vthe intrinsic rate of natural‘increase, Tr.

Different values of r incorporate different patterns of these ;
parameters and represent different adaptive and evolutionary
strategies. These differentvsffategies were first given
coherent expression as r selection and K selectién by
MacArthur and Wilson (1967).

There are very few published estimates of r for

nematodéﬁ%éygﬁﬁapaft’fof my data for Chiloplacus sp., I-

ol

-~ .
know of no such information for free-living soil nematodes.

Heip et al. (1978) estimated r for Oncholaimus oxyuris at

25°, 20°, 15°, 10° and 5°C, and obtained corresponding values
of 0.0286, 0.0220. 0.01l54. 0.0086 and 0.0026 per day.

Natural populations of Chromadorina germanica had r values

ranging from 0.098 to 0.167 over the 20°-30°C temperature

range, while for Chromodora macrolaimoides the r value at

250C (and 26 °/,, salinity) was 0.15 (Tietjem and Lee, 1977) .
NoteWorfhy is the wide range-of:r values exhibited

by Oncholaimus oxyuris, and by ‘Chiloplacus sp. (Table 21). 1In

0. oxyuris a rise in_temperatqre of 20°C caused an 11-fold

increase in the value of r.- For Chiloplacus sp.a 23°C rise

in temperature resulted in a 1l4-fold increase in r. These

o
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data illustrate the striking, impact that temperature has
.on the value of r, and emphasizes that r must be expressed
in terms ofya‘particular_temperature. Moreover, r should
be expressed in terms of a particular environment.
Andrewértha ana Birch (1954) démonstrated that different -

humidities, as well as different tqpperatures, affected the

value of r in two grain beetles Calandra oryzae and

‘Rhizopertha dominica.’ Apart from temperature, environmental

factors likely to be of special importance inudeterminihg
the r values of soil-living nematodes are moisture and
food supply.
| Clearly it is possible to determine an array of
values of r for different combinations bf physical and biotii/»\
factors. However, of particular(significance will be the
value of rvobtaiped when fecundi%y and survival are greatest,
because this Qill be the species' maximum rate  of increase,

)

(Birch,_l948); The conditions under which r is

r
max max

attained will presumably be those conditions to which the
organism is best adapted. For manf organisms . is probably
a theoretical potentiél only, but in some environments,
including‘femperate and afctic‘habitats, some organisms may
periodically be able to attain r__ (Birch, op. cit.).

Apart from the adaptive=significance of r the

. max’
r values of a species offer a means of quantifying that
species' relative fitness in other environments. Patten | L

(1975) hypothesized>that linearization of ecosystéms is
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evolutionarily adaptive, in the sense that natural selection
acts against nonlinear characteristios.’ Insofar that
intrinsic rates of increase are linear functions of tem ratufe
(Heip, 1977) and, presumably, of other environmental faziors,"
departure and magnitude of departure from a linear relation-
ship indicates relative fitness. The slop‘\of the linear
relatlonshlp will also indicate relatlve fitness - the
shgilower the slope, the greater beln%mxhe Qplatlve fitness.
On the basis of the above explanation, I make the
following prec:.ctions for nematodes. (1) species adapted to .
cold climates will attain T .. at lower temperatures than will
species of warm climates; (2) species adapted to variable-

climates (e.g. temperature) will have broader linear relation-

shipe between r and the environmental variable, than will

species of constant environments; and, (3) in species adapted

to constant environments, the linear component of the r-

R ~ . A) \
environmental variable relationship may be flatter than in
species adapted to svariable env1ronments. In this context 1

noted that the magnltude of the dlfferenoe between the r

values of Oncholaimus oxyurls and Chlloplacus sp. remaineéd
ﬂ

constant from 25° to 15°C, but from 15° to 5°C the r values

- of O._oxyuris declined progre551ve1y more rapidly relatbve A

to Chiloplacus sp. The y values of Chiloplacus sp. bore a

R . . /
linear relationship to te\perature from 25° to 2°C (Figure 10).

1

—2
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The r values of Chiloplacus sp. were, on average,

10.5 times larger than those of Oncholaimus oxyuris at the

same temperatures. Even this limited information shows

that nematodes may vary greatly in their r values. However,
very few estimates of r have been made for nematodes. To
complete my thesis 1 will summerize the material and ideas

I have presented by predicting trends in r values for some

of the major groups of nematodes. Firstly, species belonging
to the Rhabditidae and Diplogasteridae, and some of the very
fecund tylenchids, will have very high r values, perhaps
several orders of magnitude greater than those I obtained

for Chllqplacus sp. Secondly, many tylenchlds, plectids,

and species of Cephalobidae will have intermediate r values,

placing them near Chiloplacus sp. Some species of

-

Menhysteridae_will undonbtedly also *have moderate r values.
Thirdly, many dorylaimids probably have moderate to low r
values. Low.r values, incidentally, may enable communities
to support high densitiee of large predatory species (e.g.
‘Heip et . al., 1978). This may explain how several arctic
communities are able to support large populatjons of
dorylaimids and eudorylaimids (cf. \Ehapter 2.3.1). Finally.

several species of the Oncholaimidae undoubtedly have very

small r values, which are af least an order of magnitude

‘smaller than those of Chiloplacus sp.

NG
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It is informative to consider the r/body weight

ratios of Oncholaimus oxyuris and Chiloplacus sp. in the

wider context of the general evolution of r. Fenchel (1974)
studied the relationshig*bgtwéen r and body weight in'a

wide range of organisms, éﬁéldb%ained separafe linear
;quations‘for unicellular organisms, poikiTothermic metazoa,
and ‘homoiothermic metazoa. . These equétions are distinguished
primarily by progressively higher values for r from
unicellular organisms to homoiothermic metazoa. The equation
for poikilothermic metazoa is log r = -1.6391 - 0.2738 log W,
in which r is ﬁer day, and W is the wet weight in gm. Using .
this equation Heip et al. (1978) determined that the
theoretical value of r for an animal of the,size of an

adult of Q. oxyuris is 40 times higher thap the mean annual
value they measured, and 15 times higher than the maximum
value ét the highest temperaturé. Heip et al. suggested
that the large deviation indicates a real diffeﬁfnce between
the reproductive rate of 0. oxyuris and similarly’ sized

poikilotherms. Similarly, the largest value of r I obtained

for Chiloplacus sp. was only one.quarter of the theoretical

value. My results therefore support the possibility that
nematodes have lower intrinsic rates of increase than do
poikilothermic metazoa as a whole.

On:thefbasis of the analyges I have presented in

this Chapter, I feel Jjustified in treating Chiloplacus ép; as

)

]/
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an intermediate species in terms of r and K selection.

Consequently, Chiloplacus sp.is a valid "average" ‘nematode
: *
for the purposes of estimating nematode population energy

flow in Arctic terrestrial communities.



Chapter 6

RESPIRATION RATES OF CHILOPLACUS SP. AND‘OTHER
ARCTIC NEMATODES

.. 6.1 Introduction

L

As in the case of growth, reproduction}aﬁd
population growth (Chapter 5), respiration rates of Arctic
free-living soil nematodes have not been studied at the
temperatures the nematodes normally encounter. In this
‘chapter I present low-temperature respiration information

~ for Chiloplacus SD.y and similar information for

{

" representative samples of the nematode fsuna as a whole.

The primary purpose of the studies on Chiloplacus sp. was

to produce the respiration:informationtqequired by the

Ryan and Whitfield production model (Ryan, 1977a) to

estimate nematode production. The requlred information
included (1) a function relating resplratlon to changing .

weight, and (2) a function relating resplratlon to changlng

temperature. .

Earlier attempts to estimate nematode production
in cold environments were based on respiration rates |
estimated from data obtained at relatlvely hlgh non—arctlc \5?:
temperatures, using extrapolation techniques such as Krogh's

standard metabolic curve (cf. Lagerlbf et g}., 19753 Procter,

1977a). The 1nformatlon I present in this chapter av01ds
‘ P
)

-
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some of the-limitatiogf\gf these %ndirect estimates of low-.
temperature respiration rates.:

While I treated the respiration data of Chiloplacus

Sp. as fepreSen%ative of High Arctic free-living soil
nematodes for the purpose of estimating production, I also

measured respiration rates of samples of the fauna as a

whole, in order to assess the validity of using Chiloplacus
- Sp.as a representative nematode.

In addition to measuring réspiration of Chiloplacus

sp. at low temperatures, I obtained respiration data fof this
species at high témperatures to permit direct c@mpariéon Witﬁ
similar information for temperate and tropical nematodes.
These studies were designed to help determine whether nematodes _ .
living at high latitudes show adaptation of metabélic rate
relative to_sif}lar spedie§ living at lower lé&itudes (gil

Scholander et .4l., 1953; Procter, 1977b). In addition, the

combined high- and low—temperatﬁre respiratioh\ihfofmatiéﬁ
provide a ‘partial test of the validity of Krogh's (1941). ¢
standard metabolic curve as a low-temperature extrapolation'

A
technique.
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.6.2 Methods .
I meésufedﬂokygen:consumption,using the volumetric
microrespirometer described by Gregg and Lints (1967). I

conducted the studies of Chiloplacus sp.at 2°, 5°, 10°, 15°,

20° and 25°C, and ﬁhose on 'tﬂhe representative sarples of the
nematode fauna at 5°, 10° and 15°C. A Haake Unitherm
thermoregulator qith cooling coil maintained the experimental
'temperetures within‘+\0 2§°C Resplratlon chambers of

A 100 ul volume, reduced to a_5O gl volume by addition of

- space flllers, accommodated the experlmental,aﬂimai/f The

!
apparatus was sen51t1ve to change in gas ‘volume of 0.0015%
h-i. '‘Because individual nemetodeacxygen consumption was

usually less than this rate, I studied séveral specimens

v J—

‘“together to obtain measurable rates.

For the studies of Chiloplacus sp.the experimental

anjmals were drawn from cultures mainteined at the abpropriate
temperatures in Freas Low Temperéture Incubators (i.e. Chapter
5.2)." The nematodes foriﬁhe;general faunal studies were also’
acclimatea in these incubators, but were maintained in the
soil “samples obtained from Truelove Lowland. This material,
which was previcusly_frozen for storage, was thawed and:placed

in tye appropriate incubators a minimum of onF~week before the

experiments,’

All animals were collected immediatel& before

experimentation and were allowed to equilibrate with the

X ~
=
’

' , . e
e . ' L : fu



system for one hour before readlngs were taken. Three
resplrometers were operating 51multaneously, Wlth one left
empty to serve:as control for thermal and barometrlc
changes. A minimum of three readings at 36 or 60 min
intervals were taken resp’irometer“1 temperature l;

Dry weights werevohtained with a Cahn G2
Elebtrobalance accurate to 0.05 ug, after drying for 24 hr

at 80 C w1th calcium chloride.

The function relatlng re5p1ratlon of Chiloplacus

‘sp.to welght at 10°C was based on 22 repllcates spanning

the range of weights encompassed by newly hatched (24 h

173

.-

old) second stage larvae and mature adults. The relationshk.p

was quantified by means of a regression curve fitted
according to procedures given by Sokal and Rohlf (1969)

- The function relating resplratlon rate of

Chlloplacus sp.to temperature was based on three or four

|

repllcates at each of the ‘five temperatures studled, while
'the comparable functlon for the representatlve nemagode
'samples was based on four repllcates at each of the three

/
temperatures 1nvestrgated I used the’ resplratlon rate/

Welght functior ob%alned for Chlloplacus spnat 10 G to

standardlze ‘weifght prior to flttlng regress1ow curves tOfthe i

t.

C .

—

' resplratlon rate/temperature data (Sokal and ‘Rohlf,. ‘op. ci

I,compared the resplratlon rates of Chlloplacus Sp.

o] (o]

).

at 20, 5°, 157, 20? and 25 C by means of a 51ngle classlflcatlon
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anova with unequal sample sizes, following procedures
‘given by Sokal and Rohlf (i969). Followiné tﬁe'aﬁova, I
used the Student-Newman-Keuls Test to make‘%ultiple
cgmparisons among thelméans.(Sokal and Rohlf, op. cit.).
Finally, I compared the oxygen consumptionrof é 1 ug
individuai at‘lOoC, which_I-obtained'from'ghe respiration
raﬁe/weight regression curve? with thelso and lSOC respiration
data using a test described by Spkal and Rohlf for comparing
a single observation with the mean of a sampfe. |

I used Van't Hoff;é élo approximation to
calculate the effect of changing temperaturé on respiration
réée (Grodzinski et gl.,'i975).

, .
The respiration information- I used in the Ryan
p .

and Whitfield model (Ryan, 1977b) to estimate production

was based on (1) the mean dry weight éf which Chiloplacus
sp. begins egg-laying (éﬁapter 5Y, and (2) the mean seasonal
dry weight of the nematode fauna (Chapter 4.3). These:

weights were 0.2928 ug and 0.4297 ug respectively.



6.3 Results e

6;3.1 Respiration of Chilopiacus sp. as a function of

-

weight at 10°C
?he relationﬁhip betﬁeen respiration (R)Wéﬁd \
weight (W) is represented by the éQuat;on:
log R = -3.0693 + 0.8844 log W

1 hr—l

‘where R?igfin ul O, ind~ , W is in ug ind—l: —3.0693
(log oxygen consumption of an individual of 1 ug dry wt)

is the intercept, and 0.8844 is the slope of the log-log

plot of respiration versus weight (Fig. 11). Ther95§
confidence limits for -3.0693 are -3.2752 and -2.8634.
The regression.coefficiﬁgﬁ is significan£ atp = 0.01, )
its 95% dbﬁfidence limits are 0.6764 and 1.0924, and the

coefficient of determination is 0.7892.

z
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Fig. 11. Respiration of Chiloplacus sp.as a

- function of dry weight at 10°C.
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temperature

Oxygen consumptlon ranged, from 0. 2470 x 10~

-1 -1 : -3 -1 -1

ind™ T jhr T at 2°C, to 2.2845 x 10 > ul ind = hr = at 25°¢c,

for a nematode weighing 1.0fug (Fig. 12).. I concluded

<

from the anova that there is a signifijcant (p = 0h01)added

‘variance component among-temperatures for Chiloplacus sé;
respiration rates. Accordlng to the Student-Newman-Keuls
Test all the dlfferences between the means are 31gn1f1cant o
at p = 0.05, except for the 2° -5 ©c, and 20 ©-25 Oc aifferences.
The 10°c. and 5°C mean respiration rates are significantly ;—
dlfferent atp = 0.01,- but the difference between the 10°c
and }S °c rates are not slgnlflcant at p = 0.05.

| The relatlonshlp between resplratlon (R) ahd
temperature (T) is represented by the equation:

log R =.-3.6661 + 0.0453T,

-1 1,71 7 ig in ©c, -3.6661 (log

where R is in O2 ul ind
oxygen consumption of an individual . of ‘1 ng dry wt at O C)
is the lntercept, and ‘0. 0453 is the slope of the plot of
log resplratlon versus weight (Flg. 12). The 95% confidence
limits of -3. 6661 are -3.7263 and —3 6059. The regression.
coefficient is srgnlflcant at p ~;ﬁ“bl, and the 95%

b R .
confidence limits are 0.0336 and 0.0564. The coefficient

d'.l‘
€ . i

of determlnatlon is 0.9903.

Q10 values ranged from 0.95 for the 10 —lSOC



temperature 1nterval to 6.29 for the's —10 C 1nterva1

wh&le the value for the 2

0

-25

0

¢

C 1ntervab was‘z 89 (Table

+ . tk .'

78,

2.
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Metabolio rate — ul O

0.01

o]

)

£

1 logR = -3.6661+ 0.0453T

| | A
0 . 15 20 25
Temperature °c .
Metabolic rate as a function of

-

tgmperatune for Chiloplacus sp. The

‘respiration rates-are for a 1.0, ug-

animal, and have been: converted using

the function ldg.§s= -3.0693 +

' of 3-4 replicates. -

0.8844 log W. - Each point is the mean

N
U
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Table 23. . QlO values for Chiloplabus'sp.at six
- | temperature intervals.

>

.q

|

b - } - .
- 2-5°C 5-10°C 10-15°C 15-20°C - 20-25°C 7 2-250(-

2.90 6.29  0.95 4,90 2.40 © '2.89




181

. - Sy .
cw .k'“ - e N
o 4 ' - . Tt

Resplratlon of representatlve samgles of the

fnematode fauna as 'a functioén of temperature

0

Average oxygen gonstptlon was 0.1593 x 10
3

3.ul

-1, sl -3

at 5°C, 0.3603 x 107> ul at 10°C -and 0.5332 x 10

‘ul at 15°C for a nematode of 0.4297 ug dry wt (Fig. 13).

‘ Thearelationshiﬁ“bet@eeﬁbreSPiration (R) and temperature (T)
“15 represented by the equatlon' ) 4

R = —0 00002297 + 0. 00003739T,°

where R is in ul 0, ind -1 hr_l, T is in °C, -0.00002297

4

(oxygen consumption of an.individual of 0.4297 ug -dry wt at
0°c) is the intereept .and 0. 00003739 is the slope of -

.the plot of resplratlon versus weLght. The 95% confidence
limits of —0.90002297 are —0.00003761 and -0.00000833.

' The regression coefficient is sfénificant at p = 0.02, and
its 95% confidence limits are 0;00002265 and 0.00005203.
The coefficient of determination'ie 0;9970.

O

. The Qlo,values were 5.12 and 2.19 for the 5°-10°C
\ .

and 10°-15%% intervgis respectively, while the value for the

0

= - 5°-157C interval was \3.35 (Table 24).

f_;'
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-1 hl.'-l

Metabolic rate — ul O, ind

0.0008 .
0,0006 —
0,0004 —
. 0,0002 —
0 .
e I i 1\‘\ l :'] .
) 5 10\ 15 {20
. b
* Temperature °c ]
i
. |
Fig. 13. Metabolic rate as a function of

temperature for miked nematode species
from the field. - The rat¢s are for an
animal of 0.4297 ug dry weight, and
have been converted using the function
log R = <3.0693 + 0.88LL4 log W. Each
point is the mean of 4 féplicates._

I}
i
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-

Table 24, Ql(; values for mixed nematode
species from.the field at- }
three temperature ‘intervgls. '

'5-10°¢ 10-15°C - "~ 5=15eC

| o |
5.12 - 2.19 3.35
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6.4 Dlscus51on

f6 4, 1 Resplratlon and Welght | v f’

. The oxygen consumptlon per unlt body welght (1 e.
metabollc rate) of many organlsms changes as. body size .-

changes (e.g. Zeuthen, 1953; von Bertalanffy, 1957; -

-

Hemmln-sen, 1960) Generally, metabollc rate decllnes in non-

~

L ?natlonshlp to weight as welght 1ncreases, as appears
}v;'for many spec1es of nematodes. Values for the
exponent of weight dependency, b, for nematodes when
‘resplratlon is regressed on welght 1nclude the following:

'Panagrolalmus rigidus, b = O. 64 (Klekowskl et al., 1974);

Tobrilus gracilis, b = 0.69 (Schlemer and Duncan, 197h),

Enoplus communis, ‘b =-0. 68 (Wleser and Kanw1sher, 1960),

Aphelenchus avenae, b - 0. 85 (de Soyza, 1970 - In: Schlemer.

and Duncan, 1974); and various species of benthlc marine

nematodes, b = 0.987 (Ott and Schlemer, 1973). For Chiloplacus

~

sp.the value of the weight exponent b = 0.88 (Flgure 11).
hThese data demonstrate the dlver51ty of values for,the
weight exponent exhlblted by nematodes.

Some organlsms show non—llnear relatlonshlps

.

between metabollc rate” and*31ze.‘ The pea aphld Acyrthosiphon

pisum exhlblts rapldly 1norea31ng metabolic rate durlng
!
early growth and then declining ‘metabolic rate subsequently
K2

(Randolph et al.; 1975). = Some nematodes may also have

"atypical" patterns of_metabollc rate. Zeuthen (1955)

- W .
?
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interpreted data for Pontonema vulgare as showlng-a value of

€9

b.= 0.4 in larvae, and b‘= l.Olln mature adults. Wleser
and Kanwisher (1960)’réported;a‘similar_change i “the

exponent with increasing-body‘size for Enoplus communis.

‘Both interpretations have béen criticized because_neithery
,»'was tested by statistical analySes;rand intermediate values
for the full s1ze ranges were not dlsproved (Hemmlngsen,
1960; Atkinson, 1976). | | | ‘
Chlloplacus sp prov1des tentatlve support for a'

non llnear relatlonshlp between resplratlon rate and welght
(Pigure 11). While my data are accounted for statlstlcally

'by the single exponent b = 0.88, a quadratlc functlon may .
better flt the data, thereby establlshlng the non linearity

of the relatlonshlp (no quadratic function- gave a s1gn1flcantly
better flt - Jorgensen, pers. comm.). 'When the mature |
‘adults are excluded from the‘analysis,tbp=_0rz3‘fo% the-
juveniles and  very young‘adultsQ Increasiné:egg production
~pnimbh7 raises ﬂk} value of a in nahne, nxﬁdurrnﬁmaibﬁxy
adults. -At.the.peak of egg production up to 25% of the

weight of the female of Chiloplacus sp.may be‘comprised of

‘develOping eggs. Any relatively fecund.species of nematode
with highly synchronized egg‘productidn,iselikely‘to have a
markedly’increased value during part of adnlthOOd cé g.

- particularly some tylenchlds and heteroderlds - c¢f. Chapter
5.3.3). Consequently, the average value of the exponent is

also likely to be relatiyely highuin these species.
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‘Hémhingsen (1960) noted that.the'relationship between,

- respiration and welght sometlmes departs s1gn1flcantly
from hlS "typlcaﬂ" p01k110therm exponent b = 0;75 over”'(
‘limlted slze ranges;t | |

The reasons why metabolic rates frequently decllne

v,

s with dEVelopment are uncertaln. Referrlng to. Acyrth051phon

pisum, Randolph et al (1975) suggested that "... perhapSe -
»elther greater proportlons of low-metabollc rate tlssuggéor
lower propOrtlons of hlgh—metabollc rate tlssues are produced
1n the last half of pre- reproductlve and reproductlve llfe" ‘
"Whlle the pattern of metabollc rate in A. pig__ is probably
g a spec1al case, I have llttle doubt that the proportlon of
low metabollc rate structural supportlng tlsSue 1ncreases in '
most organlsms as they develop (gi Chapter 9. 3) Reductlon‘u.
' in the effectlveness of surface dependent processes as the
anlmal grows larger may ‘also contrlbute to decllnlng ‘metabolic
rates. Thls may be partlcularly'pertlnent for nematodes,
whlch lack spe01allzed respiratory and circulatory organs.
;For example," ‘“the length of the diffusion pd/hway in the
animal increases.as it grows. ‘
" The relationship between<hetabolic rate and-increasing
- 8size when dlfferent spec1es are compared is also controver31al
(e g. Zeuthen, 1947 Hemmlngsen, 1960) ‘Zeuthen ( 99 Eii‘)w
. recognized three groups of p01kllotherms- acellular forms with

':surface-proportional metabolism (b = 0.67); some small
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metazoa with we1ght-proport10na1 metabolism (b = 1.0);
and larger poikilotherms with surface-proportional
metabo ism (b = 0.67), but with higher metabolic rates than
acellular animals. 'Hemmingsgn (1960), however, applied a
common interspecific exponent of b = 0.75 to poikiiotherms
above 0.1 gn dry weight; Hemmiﬁgsén Suggested“that this
chponé;t is an evolutionary comprbbise between the advantages
of maintaining a high leével of metabolism with increasing
size, and the limitations imposed by the reduced effectlveness
of surface dependent processes. Increasing proportlons
of low—metabollc rate supportlng tlssuéé with increasing
species 51ze, as in the case of growing anlmals will also
contribute to deéreasing metabolic rate (cf. Chapter 9.3);

| ﬁ The value o% thé'Weight exponent in interspecific 
nematodé comparisqns is also controversial (e.g. Atkinson,
- 1976). Both Zeﬁthén (1953) and Hemmingsen (196O)Ip1aced
nematodes in the small group of p01k110therms with welght—
proportional metabollsm. Some recent workers have rejected
. a weight—proportional metabolism in nematodes (e.g. Klekowski
gﬁ al., 1972; Atkinson, 1976). Klekowski et al. ( op. cit.)
obtained an interspecific exponent éf b = 0.72 for a variety
of free-living and plant parasitic nematodes. Atkigson ( op.
¢it.) re-analyzed the data of several authors and obtained a
value of b = 0.79. This value is significghtly different

from b = 1.0 and b = 0.67, but does not differ from b = 0.75
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which is commonly used to relate body size'and metabolism in
poikilotherms (i.e. Hemmingsen, 1960).. By contrast, Ott and
Schiemer (1973) obtained interspecific values of
b = 0.805—1.028 for several groups of benthic marine nematodes,
thereby providing recent evidence of weight proportional
metabolism in nematodes. I suggest that because these
nematodes are probably anaerobes (e.g. Schiemer and Duncan,
1974), they are thereby largely freed from the constraints
of surface-limited processes. Of course, any nematode with
‘anaerobic capabilities will tend towards welght -proportional
:metabollsm 'However, despite their apparent metabolic
diversity, nematodes as a group prooably lie between weight-
proportional and surface-proportional metabolism

| Nematodes not only differ in their values for the
welght exponent when their resplratlon body welght regre581ons
are oompared but they also differ in their. values for the
regression coefficient, a, which gives the level of oxygen

consumption. For example, the values of "a" for Aphelenchus

avenae (de Soyza, 1970 - In: Schiemer and Duncan, 1974),

' Panagrolaimus rigidus (Klekowski gﬁ al., 1974), Enoplus

communis (Wieser and thwisher, 1960) and Tobrilus gracilis

(Schiemer and Duncan, 1974) at 20°C were 1.343, 2,020, 1.566,
and 0.522 respectively. Ott and Schiemer (1973) obtained a
“value of a = 0.636 for a general. regression for 24 species of

benthic marine nematodes at 20°C, and Klekowski gﬁy al. (1972)
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obtained a general value of a = 1,40 for 68 species of free
living‘nematodes at the same tempefature.

Several groups of nematodes are distinguished_by
unusuaily high or low rates of oxygen coneumption. Klekowski
et gi; (1972) observed thet nredaceous species are located
above the general regression line, and suggested that this
is because of their greater mobility. Some benthic aguatic
nematodes undoubtedly h%ve relatively low resplratlon rates
(e.g. Ott and Schlemer;yl973; Schiemer and Duncan, 1974).
Schiemer and Duncan ( op. cit.) suggested that the freshwater

species Tobrilus gracilis is a partially obligate anaerobe,

even in the presence of oxygen, as an adaptation to life in
habitats of low oxygen or anoxic conditions.

The value of a = 1.40 obtained by Klekowski et al.
(1972) for 68 spe01es of free living nematodes makes
interesting comparison with equivalent information for other
invertebrates. For unicellular ofganisms of the same weight
at the same temperatune (i.e. 20°C), Hemﬁingsen (1960) gave
a standard value of a‘=‘0.52. Similé?iy, for metazoan
poikilotherms in general, he estimated a standard metabolism
of a = 4,17. Evidently nematodes have a level of.netabolism
_which is substantialiy higher than that of unicellular
organisms, but which is substantially lower than that of
poikilothermie metazoa in general (c¢cf. Atkinson, 1976).

The increased size of nematodes compared with unicellular
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organismsfhas presumab}y been accompanied both by increased
tissue specialization for improved functional efficiency,
and by increased ﬁéintgnance_costs. Their metabolic rates
are presdmably associated with these trends (e.g. Fencﬁel,
1974). The same reasoniné alsb explains the still higher
metabolic rates of larger.poikilofherms, such as the
insects, compared with nem;todes." ‘

| The relatively low metabolic rates of nematodes,
compared with most -poikilothermic metazoa, éomplements the
observation that nematodes have lower intrinsic rates of
natural increase than do most poikilotherms of the same size
(e.g. Heip et al., 1978; and this study - cf. Chapter BQA.A).
These findings-are_pertinent in terms of efficiency of

energy utilization by heterotrophs inlsome Arctic.communifies,
because nematodes are the dominant metazoa in some trophic
levels in these communitiés. I develop this theme in

Chapfer 9.

Y
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6.4.2 Respiration and Growth

L Von Bertalanffy (1957) related the metabolic |
types represented‘b& the exponents b = 0.67, b = 1.0 and b
between 0.67 and 1,0,'to three growth types. In each cése
the metabolic type dictates the course of growth &;expressed
in the form of the linear and weight growéh curves.

In von Bertalanffy's first metabolic type,
respiration is proportional to weight, according ﬁo the
surface law (i.e. b = 0.67). When the animal is émall,
surface—ﬁroportional anabolism prevails over weight-
proportional catébdiism, and'the'animél gréws; As the
animal grows, the ratio bet&een surface ané.weight shifts
against surface, and the energy remaining for growth decreases.
Eventually a steady state is reached where aﬁabolism and
catabolism balénce each other, and growth ceases. Solution
of the growth equation gives a linear growth cufve that is a
deoay&ng'exponential without a turning point. The weight
growth curve is sigmoid,vwith a point of infleétion at ébout
one third of the final weight (gf. Chdpter 5.4.1).

In the second metabolic type, respiratioﬁ is
pfoportional'to weight (i.e. b = 1.0). Consequently, anabolism
and catabolism, both being weight-proportional, run at the'
same pace. Therefore bothvlinear‘and weight growth are
exponential, and no steédy state is-reéched (iﬁ those insect

larvae which show exponential growth, metamorphosis may
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terminate growth). e
| Finally, in the third metabolic type, respiration

is intermediate betweep'surface and weight proportionality

.(i.e. 0.67<€ b'€1.0), and solution of the growth equation

produceg‘sigméidal linear and weight growth curves.

Because Chiloplacus sp.had an intermediate value

for the exponént (regardless¢§z:£hether one accepts b = 0.88,
or b = 0.73 as representative), it fits von Bertalanffy's

"third" metabolic type. Furtherdore, because Chiloplacus SDe

had both 1inéar and wéight growth curves of sigmoidal form
(cf. Chapter’5.4;l), this $pecies supports the felationship
between resﬁiration and growth that von Bertalanffy expressed
in his third metabolic/growth type°>

| I noted in Chapter 5.4.1. that the.larvée of
holometabolous insects probably tend towards exponential
weight growth curves as one specialization for rapid and
efficient growth. According to von.Bertalanffyfé second
metabolic/growth type, these organisms are likely to have
weight proportional metaboliém as the causal factor. The
larvae of some holometabolous insects have little elaboration
of supporting tissues with increasing size (e.g. higher

Diptera), and are also inactive compared with the adults,

. Consequently, they may be able to sus%ain‘weight;proﬁgrtional

P

[3

metabolism throughout growth.

The immature stages of hemimetabolous and ametabolous

w .

£
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insects presumablchompromlse efflclent growth through
\\ j

progre351ve development of adult structures\ and the addltloal
\

requirements of greater activity. Conseque\tly, these groups
should show less frequent and less comprehen?ive weight- ¢
proportlonal metabollsm d exponential growth (e.g.

Acyrth051phon plsum has exponentlal growth and respiration

only in the early larval stages - Randolph et ,al., 1975).
'In other wordsy hemlmetabolous and ametabolous insects are
most 11kely to fit von Bertalanffy s "third" metabollc

53
growth type, as does Chlloplacus sp -

B

‘I noted in Chapter 5.4. l that some smalllvery fast
grow1ng nematodes, such as some tylenchids, may have blngldal
weight growth curves which tend towards the exp nentlal curve

in form (e.g. Dlplogaster nudlcapltatus - Sohlenl S, 1968)

Accordlng to Bertalanffy's thesis, these nematodes should
therefore,have relatively high values for the exponent b.

The structural and physiological advantages of being relatively

o

small (cf. previous section) may- be relevant here. Small R

nematodes may havé a higher proportion of high-metabolic

rate tissues than do larger nematodes (e.g. Oncholaimus

voxxgris'_ Heip et al., 1978), because they require relatively
less suppOrting_tissue. .Similarly, small nematodes may
benefit from & more favourable surface-volume ratio. However,
immature‘nemafodes, whether-emall'or large, are committed

to an essentially adﬁlt form and function, as are the
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nymphs of hemimetabolous and ametabolﬁs insects. Consequently,

even small nematodes cannot attain the level of commitment

to efficient growth that has been reached by some holo-
\\Tetabolous insect larvae. On the basis of these argumente,

I’pfedict‘that the weight exponent of extreme r selected

nematodes will_ebproach b = 1.0, whereas in extreme K

selected speciee it will approach b = 6.67. It is worth

reiterating here that the large and highly synchronized

o

reproductlve effort of r selected nematodes will help raise:
the value of b. | »

The limited data on nematode expenent/body size
associations offer partial support for my expectations. For

example, the "intermediate" strategists‘Chiloplécus Sp.

(this study) and Aphelenchus avenae (de Soyza, 1970) had

"intermediate" values for the exponent of b = 0.88 and b = 0.85.
The weight ranges of these two species were 0.0QBA—O.5085 ug
dry weight, and 0.02-1.33 ug wet weight reepectively. For

the larger nematodes Panagrolaimus rigidus (Klekowskile§°h

al., 1974), Tobrilus gracilis (Schiemer and Duncan, 1974),

and Enoplus eommunzs (Wieser and Kanwisher, 1960), b = 0.67,,

0.69 and 6.68 respectively, while their weight raﬁges were
©0.02-2.01, 0.07-3.19 and 1.33-91.59 ug wet weight, respectively.
o ‘ In making my predlctlons I accept nelther » |

Hemmlngsen's "unlversal" value of b = 0.75 for p01k110therms

- of more than Q. l gm dry welght _nor. Atklnson S tac1t

SR,
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acceptance of this value for nematodes. Similarly; while!
the éeneral regressdon:equatién of Klekowski et al. (1972),
in which b = 0.72, may be suitable as a first gpproximation .
in estimating the maintenance requiréments of nematode‘“

- communities, I do not consider it suitable for COmparafive
studies of species. I believe that the metébolic diversity
of nematodes, and of invertebrates in general, is too great
to be so narrowly defined, and I consider that the great
Trange of b-values innthevliterature illustrate this

apparently unrecognized diversity.
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6.4.3 Respiration and Temperature

The respiration—temperature curve of Chiloplacus

- sp., despite being adequately characterized by adlinear'”
regression (Figure 12), resembles the more complex curves
frequently observed in poikidothermic organisms (for
citétioﬁs see Wieser, 1973). These curves characteristically
'rise.sieeply ih the lower temperature range, flatten in the
middle range, and then rise again in the higher temperature
ranée (Wieser, QE--EEE-)' The common occurrence of higher
QlO values in}thé-lower temperature range have been emphasized

'by Scholander et al. (1953), and others (see also Chapter
8.3). Usually the Q)y is well above é, and often between
6 and 10, in the lower range, but only between 1 and 2 in

‘the middle range (Wieser, op. cit.). The distribution of

-KQlO'values for Chiloplacus sp. undoubtedly fits this pattern

(Table 23), although I mus% acknOwledge‘that I require more
data points to be completely satisfied with this interﬁ?etafion.

Wieser (1973) has provided a comprehensive analjsis
of this form of respiration#temperature curve. According to
Wieser, this curvé closely resembles the respiration cufve .
of mitochdndria as they change froﬁ "state 3" to ﬁstate‘h“
(see Pye, 1973). Pye characterized state 3 by large amounts
of ADP in vi#o which would result from high rates of ATP

hydrolysis in energy-requiring processes. On the other

hand, in7state 4 ATP accumulates and the energy charge
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is\highf In this state, if no further ATP—requiring reactions
are mobilized, energy consumptlon, and therefore the QlO’
will attain a steady state that is essentlally 1ndependent
of temperature (Wieser, op. cit.). ngh Q4 values
therefore represent the ability to adjust energy consumption
with great‘senaitivity to temperature changes. Warming
rapidly accelerates ATP-consuming processes and cooling -
results in equally rapid-deceieration.

Wieser suggests that it is significant that high
QiO values'are SO frequently'ehcountered at the low end of
the blologlcal temperature range (see Chapter 8.3), where
‘p01kllotherms must 1ncrease their metabollsm as rapidly. as
possible following cold torpor, but must arrest it’ equally
quickly if temperature falls. (In thie context it‘iS,WOrth
noting that smaller p01k110therms, like nematodes, may be
able to respond soonex to rises in environmental temperature
than can larger poikilotherms, because their smaller size and
greater surface-to-volume ratio'faoilttates faster warming.
Smaller size will also increase the range of favourable
micrgclimates - possibly an important consideration in-
relatively spartan Arctic environments;) Compensation in
terms of "positive control" may require too much energy in
this phase. However, Wieser allows that true cpmpensatory

control of metabolism at low temperatures may occur,

- particularly in animals that spend their lives at low
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temperatures (e.g. Scholander et al., 1953). Chiloplacus

'~Sp” with its unusually low QlO between 2° and 5°C, hints ‘
af such-low-tempefature‘"positive control". ;, - ki
| Wieser considers that the plateaus in the
vrespiration—femperature curves ofvpoikilotherms4represeht
~adaptive mechanisms for'sa§ing energy. If the curves were
to continue:wifh:the;séme temperature coefficient in this .

- phase as is typiCal.of the cold phase, the organiém would
expend a dispropoftienate amount of energy during occasional
peak temperatures. He notes that such pléteaus are best
developed in animals which must economize their energy

- reserves, such as aﬁimale:ofitidal habitats, which can renew
_their energy stores only pefiodieaily. '

Since nematodes of Arctic terrestrielehabitats,
and particulafiy of wet terres%rial habitats, are often
1nterm1ttent access to energy supplies. Extending the”

?
analogy, they may also need relatlvely well- developed

plateaus, as Chlloplacus sp.apparently does, in order to

save energy.
The temperature-insensitive regions of the curve

are likely to occur at the temperatures most common%yv

encountered by the animal. Chiloplacﬁs sp.appears ieast
temperature-sensitive at 10°-15¢°C, Soil teﬁperatures on

~“‘the raised beach are for much of the summer season quite
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'steady‘in this:range (e.g. Courtin and Labine, 1977)» By
kicomparison, speCies characteristic of the meadow probably
-'have plateaus at lower temperatures, while species from
temperate and tropical habitats presumably have plateaus
"w;at higher temperatures.- | | |

There lS little published information on nematode

respiration rates with which to compare my data for Chiloplacus

sSp. The respiration of Chiloplacus Sp. at 20°C was lower

than the average rate determined by Klekowski et al. (1972),
but it was not significaritly lower. Bhatt and Rohde (1970)
measured Trespiration rates for- four species of plant

parasitic nematodes. Three of these speCies had respiration

rates near that of Ghiloplacus sp.at 10°C (i e. O 0005-0. 0015

ul O2 ug 1»hr;1»r compared with 0.00085 ul for Chiloplacus

sp),’while the fourth spec1es, Ditylenchus dlpsaCl, was much s

higher with 0.0032 ulo However, the first three species hgd
indetectable respiration rates at 5°C, although D. dipsaci
“remained high with 0.0026 ul. On the other harj‘the plant

'parasites, except for Anguina tritici, had much higher

respiration rates at higher temperatures. For example, at

22°C these species had metabolic rates ranging.from 0.0053

to 0.0074 ul at 22°C, compared with O. 0023 ul for Chiloplacus

sp. at the Same temperature.
This information for nematodes, although limited

supports the common observation that p01kilothermic organisms

——
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" from cold environments[show\metabolic rate compensation to

temperature (e.g. Hochachka and Somero, 1973); ChllOplacus

sp.undoubtedly maintains higher resplratlon rates at low
temperatures than do some plant parasitic nematodes from
warmer environments (the ekception, D. dipsaci, 1imes'in
more_temperatetoonditions than do the other species -

Bhatt and Rohde, 1970). However, Chiloplacus sp.falls far

short of complete metabolic rate compensation to temperature

‘because 1ts maximum metabollc rate at 1ts average env1ron—

mental temperature does not approach the rates attalned by
the other species at their higher average env1ronmental
temperatures As a corollarf to this difference,dthe low

Qlo values of Chllop;acus sp.above 10°C ‘compared with the

' other spe01es, may reflect 1ts superior homeostatic capabllltles
1 developed 1n response to a greater need for protection from

‘excessive energy utilization at high temperatures.

I expeoted Chiloplacus sp;to have relatively high

respiration rateshbetween 0° arid 10°C because this
physiologicalroapability is an obvious complement to this
species} ability to grow and reproduce -in this. temperature
range (cf. C pter 5.4), 'On the -other hand, the low
respiration rates of plant parasitic nematodes below 10°C

likewise complements ‘their general 1nab111ty to grow and

~reproduce at these temperatures (cf Chapter 5 h)
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My respiration information for the sampleé of
the nematode fauna as a whole eséentially supports my
ctonclusions (Figure 13, :Table 24). These samples had

metabolic rates at 5-15°C that were similar to those I

obtained for Chiloplacus sp., although the collective
metabolic rate probably declines more rapidly below 5°C.

On the basis of these results I feel justified in treating

Chiloplacus sp.as "representative" for the purposés of -
estimating energy flow through Arctic nematode populations.

Theée results complement my finding that Chiloplacus sp. is

"intermediate" in terms of r and K strategies (Chapter 5.4.%).

"t
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Chapter 7

FIELD ESTIMATES OF NEMATODE RESPIRATION

- AND PRODUCTION

7.1 Introduction %

5 4

In this chapter I present estimates of average
annual respiration and production for the nematode faunas
of the raised beach and meadow. Continuing the theme that
these study areas represent différent, widespread, tundra
communities, I also predict nematode‘respiration and
production expected in the communities. I used information
for other invertebrates obtained from the same habitats
(Ryan, 1977a), to determipe éelative contribution of
nematodes to invertebrate respiration and production in
these éommunities. Similarly, I used Ryan's information fo
predict total invertebrate production in these communities.
Finally, I compared nematode prodﬁction(in tundra |
communities -with production in temperate and fropical
communities.

The nematode respiration andgproductign‘estimate3~
présented in this chapter, and the dgta on whiGh'they-é%Qbm
based, supersede previously published information'(grocter,
1977a). In making both the present and earlier estimates,
I used the Ryan and Whitfield production model (Ryan, 1977a,

1-1§77c).' A sécbhdary:purpqgg'erthis'chapter is to assess the
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validity of some of the assumptions of the Ryan and
Whitfield model, particul;rly as they apply to nematodés,
but also in terms of‘invertebrates in general. For example,
the madel assumes that the rate of weight gain of ah‘

o

individual organism is exponential. In Chapter 5 I showed

"\\
that for Chiloplacus sp., and Aphelenchus avenae (de Soyza,

1973), rate of we}ght gain is logistic in form.
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7.2 Methods ‘
The Ryan and Whitfield production model (Ryan,
1977a, 1977c), has the general form:

R = cP
where Rb = respirationy,
P = production,
c . = constant relating respiration to production.

The 'synthetic cohort' (Ryan, 1977a) is the basic

unit of the model, for which juvenile and adult contributions

",to respiration and production are estimated separately.

Juvenile respiration is given by:

b b
R = 2 NW, (wf) Ne-d

S"(i WO NO

yhere No = number of individuals (newiy'hatched larv;;)
entering,theicohort
wa - -= number of lnd1v1duals reachlng maturlty,“.
" L - mean dry welght in mlcrograms of the
bind;ylduals enterlng the cohort, =
Wf'_'= mean dry weight in micrograms of’the
individuals reaching maturity,
b = rate at which specific metabolic rate per
unit weight changes relative to weight as
weight increases, .
B~ growth rate, -
< = death rate,.

and- a - = constant relating respiration to weight,
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which is calculated from:

R = awl
where R = micrélitres of oxygen.per individual per hour
- at 10°C,
and W = mean individual dry weight in micrograms.
Juvenile production is obtained from:
o SB[ 1Py 1B

(1-e</B
with the symbols defined as in the respiration equation.
The constant ¢ is given by:

_ F.R/E 1000

B S A
.ﬁﬂége-fi = Céiofies;ﬁéf'milliéfam;ééhffreé‘dfy weight of |
N  nematode tissue, ©. - |
R/P ;”féfidﬁéf;?eépifatiqnfto production,
16007= ¢§h&erté-milligfams_to microgréﬁs, and
millilitres to micro1itreS,
and 4.7 = number of calories per millilitre of oxygen.

(Petrusewicz and Macfadyen, 1970).
Initially I used the following data obtairned from

~my studie§:qf'Chiloplacus,sp.to estimate the Jjuvenile

" contribution to cohort respiration and production (in lieu
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s
of my own data, I used literature information as noted):

N, = 1488,
N, =10,
W, = 0.008k ug,
Wf; = 0.2928 ug h
Db ';70.8844{ |
R = 0.3000 x 1073 ul ina~} hr %,
W = 0.2928 ug ina”l,
a = 0.8889,
F' = 3.679 cal mg~t,

-~ R/P = 1.17 (recalculated from Marchant and Nicholas,
1974; and de Soyza, 1970),
c = 915.84.
AdulF'respiration is obtained from:

R=FNa®w T 0.0047

1000
wﬁere K = mean numﬁervofrgdults,‘
W = mean dry weight in micrograms of the adults,
and T = duration of the adult stage in hours above 0°C.

The other symbols and values remain as ,previously defined.

Adult production which, in terms of the Ryan and

Whitfield model, constitutes only the eggs which failed to

hatch, is calculated from:



207

number of eggs which failed to. hatch,

:
=

mean individual dry weight in micrograms of
- newly laid eggs.
For my initial estimates of adult respiration I

used the following data:

N, = 10, )
N, = 0.5,

¥ = 0.4623 ug,

T = 1120 hrs; -~

and I used the following data in estimating adult production:
N " = 1680,
W - 0.0092 ug.

For the other parameters 1 wused the Juvenile valﬁeé.

Because the mean-individual dry weight of the
cohort as defined above (i.e. 0.0269{ué)'wa$ less than the
mean weight T obtained for the field population (i.e. 0.4297
ug),\for my final cohort respiration and production estimates
I increased the pertinent input data by the apprOpriéte

correctlon factor: This involved multiplylng the above

egg, juvenile, and adult welghts by 15. §187 - -
We o = 0.1465,
WO = 0.1337, |
We o= 4,6610, ‘ /" e

AThgﬂptpgp‘data were unchanged ”

R N
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I expressed cohort productlon efflclency in

terms of the product1v1ty coeff1c1ent (1 e the ratlo of -

e gross product1v1ty to total resplratlon - Larcher, 1975)

o For cohort duratlon ‘I used the cohort time I

'observed for Chlloplacus sp.(l e. 1104.8 degree- days) I o
tested the model's performance by comparing the model's
Aestlmate of the duratlon of the Juvenlle stage w1th my
‘;observed duratlon for thls stage (1 e.  479.9 degree days)

I calculated annual resplratlon ‘and. pTOdUCtlon
per m2 for the study areas according to Ryan (1977a).
These calculatlons, which 1ncorporated the den51ty esgimates
presented in Chapter 3, and the temperature data of Courtin

and Labine (1977), I performed as follows:

cohorts ™% = nematodes m~?
R cohort."l
where N = mean number of ﬂematodes per cohorty
cohorts m™2 seasOn_1 = degree-days season_

.
’

degree-days cohort_l x cohorts m

. - -2 - : -2 . . ~1
respiration m season cohorts m x respiration cohort 7
and’

. -2 -
production m season

cohorts m~° x production cohort”
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7.3 "Results g

| The Jjuveniles were nuﬁeriéally,the dominant
component of the cohort and conséépently, despite theif
ihdi?idually smaller biomass, contributed the greater portion
of respiration and pfoduétionj(Table 25). The productivity
coefficient 6f the cohort was 2.3829. Estimated cohort

duration was 1464.8 degree-day, with the juveniles and

.. adults each contributing 50% of this time, as the model _

 specifies. ‘This estimate was approximately 33% longér than

“'““tHe ‘observed cohort duration of 1104.8 degree-days. The

. obéerved contributions of the Jjuveniles and adults to éohdrt
duration were 44% and 56%Jrespectively; PR o
Seasonal accumulated- degree-days above 0°C wasﬁ_

greatest in 1973, ranging from 833 degreé—days on the raised
beach at 0-5 ém deﬁth, to 228 degree—dayg in the meadow at
5-10 cm depth (Table 26). The equivalent 1972 values were
397 and 42 degree-days. '

| Cohort duration was greatest in 1972, ranging from
2.5 seasons on the raised beach at 0-5 cm depth, to 23,7
seasons in the meadow at 5-10 cm depthy(Table 27). The
eduivalent 1973 cohort times weére 1.2 and 4.4 seasons.

Respiration in 1972 ranged from 7725.9 cal m~2

.on the raised beach at 0-5 cm depth, to 71.4 cal in the

'fi ﬁé§d§w‘§§;5{1Q_Cm depfh'(Téblé‘ZBJ.; Respiration was

_substantially greater in 1973, with 16558.3 cal on the .
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raised beach and 519.6 cal in the meadow at the same depths.f'i
Productlon resembled respiration 1n\var1atlon w1th

microhabitat and season (Table 28). In 1972 nematodes

produced 10683.8 cal of tlssue n~% on the raised'beach‘at

O 5 cm depth, and 98.7 cal in the meadow at 5-10 cm depth

- while the correspondlng 1973 values were 22897 9 and

.:718 6 cal.

P

Nematodes dominated 1nvertebrate resplratlen and -
’“productlon on the ralsed beach w1th 85 OA and 86 % .
respectlvely (Table 29) The Enchytraeldae were the next
most-important- group, accountlng for S. OA of respiration,

and 7.9% of. productlon \Iheveﬁher groups were relatively
unlmportant. In the meadow nematodes contributed 25.6%

of respiration and 33.5% of production, and were second -
after the Enchytraeidae in relative.importance of their

contribution to both.respiration and produetidn.”
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Table 25. Productlon estlmates for the cohort, based

on a mean 1nd1v1dual dry" welght of 0.4297 ug.

vvvvvv

Adults .

Parameter “ﬁ T T . “Juveniles Combined -
Average no. - 39545 3,17 298.62°
Average wt (ug) 0.3553 7.3589 0.4297
Production (ug) " . 372.8112 -  275.8074 648.6186
Producticn (cal) 1.3716 1.0126 2.3842
Respiration (cal) . 1.6047 0.1194 1.7241
Cohort time (degree-days) 7%2.4 732.4 1464 .8
Observed cohort : :

time Y Vo 624.9  1104.8




The 1972 and 1973 accuﬁulated degree-days

5-10

788

Table 26.
. above O°C for the ralsed beach and meadow
‘at'0-5 cm and 5- 10 cm s011 depth (Courtln e
and Lablne, 1977) .
Year Soil Depth O Raised Beach Meadow
(cm) ’
1972 0-5 o - 397 103
5-10 ~ 368 C 42
1973 0-5 833 . 359

. 228 .

- 212~
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1972

Table 27.
o : 'Aduratlon, expressed as seasons per

cohort for the ralsed beach and .

. meadow at 0-5 cm and 5-10 tm soil

. depth.

The 1972 and 1973 estlmates of cohort

Year

Soil Depth
(cm)

Raised Beach

Meadow

2.5

2.7

;1,2_“'“'
_l~..3 . -

9.6
23,7

2.8
AV
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depth. | hY
Year Soil Depth Raised Beach Meadow
(cm). Respiration Production Respiration Production
1972 0-5 - 7725.9 10683.8  606.2 1; . 838.3 - -
- 5-10 - 1857.2  2568.3 - 714 " 98.7
© 0-10. . 95831 13252.1 . 677.6° | 937.0
1973 0-5 . 16558.3  22897.9  2408.4 . . 3330.5
- 5-10 © 4490.17 6209.2° - 519.6 .- .718.6
. 0-10 . 21048.4 29107.1  2928.0 °  4049.1
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Table 28. The 1972 and 1973 estimates of nematode

seasonal respiration and'prdduction in
~cal m~2 for the raised beach and meadow
at 0-5 cm, 5-10 cm, and 0-10 cm soil

4
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Total

Nematode mean seasonal respiration and

production in gal n™2 for the raised

beach and meadow, compared with similar

information for other important

invertebrate taxa (Ryan, 1977a)..
Invertebrate Raised Beach Meadow

Taxon Respiration Eroduction Respiration Production
Rotifera 0.1 0.1 ‘ 2.6 3.2
“ematoda 115316 21180 1803 2493
Enchytraeidae 1616 11930 2563 3104
Tardigrada - 151 193 13.9 18.4
Crustacea 0 0 1076 410 '
"Acarina 106 61 57 35
Araneida 12 23 0.8 1.2
"Collembola 552 736‘ 143 107
Lepidoptera 16 13 0 0]
Diptera 234, 220 - 1362 1256
Hymenoptera 27 18 35 _ 23
‘h)
18030 24374 7055 7451
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7.4 Discussion

7.4.1 Respiration and Production

The production estimates for the "synthetic
cohort' (Table 25) indicate that Juvenile nematodes
contribute the greater proportion df cohort production, as
might be expected from their numerical ddminance. ‘However,
the production model incorporates the viabie part of adﬁlt
reproductive effort (i.e. the eggs which hatéhed) in the
Juvenile contribution to production and théfefore over-
estimates Juvenlle production and underestimates the adult
contrlbutlon. The adults in fact contribute 53% of the
nominally~juveni1e production, and 69% of cohort production
in the form of eggs. This large contribution by the4aduIts
reflects dq Soyza's‘(l973)‘findihgs in her studies on

Aphelenchus avenae, in which individual females 'allocated!

68% of production to eggs and 32% to growth during their
live&; » These data support the expectation that r selected
anisms exhibit high reproductive effort in terms of

bilmass produced (Pianka, 1978).

' In Qiew of the large contribution made by the
adults to productipn, their contribution to cohort respiration
is relatively émall. The adult production and resplratlon
data give a productivity coefficient of 9. 4&0/, compared
with the cohort coefficient of 2.3829. Wﬁile productlon of

eggs 1is probably very efficient in terms of the amount

. ) : < “.
- ' n .
(= k8 v R “~
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of energy. expended by the eggs in respiration (i.e. the
parent takes care of most of the maintenance functlons),

I belleve the adult product1v1ty coefficient is

T Nunreallstlcally hlgh I noted in Chapteér 6 that the -\;*dabv'ﬂ .

function I obtained describing the relationship between
respiration and welght obscured the fact of very hlgh
respiration rate in large adults. The 1nadequacy of this
function is probably sufficient explanation -of the low
adult contrlbutlon of cohort respiration (I discuss. the
limitations of the respiration/weight component of the
production model in section 7.4.3).

For comparison with my nematode productivity
coefficient, I calculated the coefficients for a large
number of animals from annual population oroduction,and
respiration data provided by McNeill and Lawton (1970).
For 29 species of comparatively short-lived poikilotherms
(mainly small arthropods) the mean productivity coefficient
was 1.7389 (range 1.1761-2.8889), for 13 species of long-

‘S

lived poikilotherms (mainly molluscs and fish) the mean was i
1.2371 (range 1.0425-2.1970), and for 13 species of

homoiothe¥ms the mean was 1.0262 (range 1.0011-1.1111).

Acknowledging that the nematode coefficient is probably

high (e.g. if adult respiration were increased, say, 10

times to match adult production, the cohort productivity

" coefficient would o 1.9), it fits comfortably within.the

range of coefficients exhibited by other short-lived
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poikilotherms.
I wish to note here that I expect the productivity
coefficients for relatively r selected species of

-nematodesw(é.g.vrhabditids)hto‘be higher than the value I

obtained for Chiloplacus sp. On the other hand, the
coefficients for relatively K selected nematodes (e.g.

.dorylaimids) are likely to be lower than my value for

Chiloplacus sp.

o4

Observed duration of the juvenile stage of

Chiloplacus sp. was approximately 430 degree-days above

a°c, compared with'532 degree-days estimated by the model
frém the unmodified data, and 732 degrees from the modified
data (i.e. after being multiplied by 15.9187).. The

model therefore overestimated cohort duration, énd
consequently underesﬁ&mates annual réspiration and
production. However, assuming that larger species'of
nematodes take longer to deyelop than—do smaller species,
because the average individual size of the field popu- '

lation was larger than the average size of Chiloplacus

sp. average field development time 1is probably longer

than that of Chiloplacus sp. Unfortunately I lacked the:
information necessary to resolve this problem, hence my

‘ decisiqn to ﬁse observed cohort duration, rather than the
model's egtimate,‘for my-calculationsT

The temperature regimes of 1972 and 1973
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(Table 26) demonstrate the striking variation possible
in the length of the High Arctic groWing season . For
example, the raised beach at 0-5 cm depth accumulated
" more thanétw1ce the number of degree-days in- 1973 than
in 1972, and the 1273 meadow value at 5 ~-10 cm depth was
five times'thercorresponding 1972 figure. The differences
in cohort duration between 1972 and 1973. (Table 27)
reflect the different temperature'regimes of the two
seasons. ‘ |

The consistently shorter within-season cohort
.times of the raised beach compared with the meadow were
caused by the higher temperatures in the raised beach,
~particularly in 1972, when the raised‘beach accumulated
nearly»four times the meadow value at 0-5 cﬁ depth, and
nine tlmes at 5- 10 cm depth. WThe'greater thermai eapacity
of the wetter meadow, and shallower active layer (Muc, 1977),
accounts for its lower temperatures.

Cohort times were also consistently longer at
5-10 cm depth than in the top 5 cm in both study areas
and reflect soil temperature gradients. The gradient
was most marked in the ﬁeadew, especially in 1972, when
the number of degreé—days at 5-10 cm depth Qas only 40%
ef the number at 0-5 cm depth. The temperature gradient
in the meadow, which otherwise confliets with its relatively

high thermal capacity, is explained by the shallower



active layer in this habitat.

g
The 1973 cohort tlmes,band some of the 1972

ﬁt;mes, seem reasonable when 1t 1s recalled that generatlon
BRI B o et R N ER (“. ,- w e ._v,'_:. o vt ot P o-,

tlme (of Chlloplacus sp) is half of the measured cohort

Q-

/ time. However, some 1972 meadow estimates are very long,

partlcularly the 23.7 seasons at 5- lO cm depth Nematodes. .

/ <
may live this long, but two con81deratlons suggest that

the very long cohort-times are misleadlng. Firstly, the
1972 summer was unusually short, and the 23.7 seasons
become 7. 4 seasons when the two summers are averaged

(1972 and 1973 were the coldest and warmest of the Devon
Island project and the mean of the two years was approxi-
mately the mean of the progect s five years) " In terms‘

. of generation tlme.(l.e. for Chlloplacus sp), these

7.4 seasons become 4.2 seasons. Secondly, the nematodes

,
/ mayJNEgularly mlgrate vertically through the soil proflle,

\‘1n which case their dlstrlbutlon indicates that they

o

spend most of their lives near the surface where temperatures
are highest.
Annual respiration and production, ﬁnlike standing

‘crop, are markedly affected by microclimate and, conse-

-
M -

guently, the estimates for these\two parameters are very
different for the -two years (Table 28). For examplée,
while the 1973 standing crop in the meadow at 5-10 cm
depth was 1.2 times the corresponding/}QﬁQ\value, the

: 2 -
equivalent respiration and production estimates were about



N3

-_usik times 1arger} Similarly, while the;raised«beach

average annual standing crop was 3 0 times that of the

meadow, annual respiration and production on the ralsed

A”bea6h°averagedA8 5.times greater’ than 1n‘the meadow.u

M
[

=

It is evident that for nematodes, in contrast to mammals

and waterfowl, meadows located within predominately

‘hlgh arctlc communities do not constltute oasis permitting )

ilncreased levels of product1v1ty and diver51ty ‘at these
latitudes (cf. Bliss, l977a).. |

T The 1mportance of microclimate 1n governing
nematode respiration lS empha51zed when my dataame compared

with 51milar 1nformation from temperate “habitats.

Wa51lewska (1971) obtained nematode standlnc crops of

" 431 to 1,507 cal m -2 (recalculated.assum' g 3.679 cal mg—l

) ash;incLudedisubstrate,'andfa dry weight equal to 58.5%

:of wet weight) in*several habitats, ‘#hd associatédﬁannual
respiration of 5,700 to 23,500 cal m -2, Banage (1963) .'i,“

3

estimated nematode standing crops of 1, 078 to 1,725 cal m~
(recalculated as above), and annual respiration of 19, 800
cal m—z. Phillipson et al. (1977) obtained a standing erop
of i72 cai m_z, and respiration of approximately 1432 “ -

cal m_z'year —1. These author's estimates of annual

respiration, when compared w1th my estimates on a unit -

N
~

weight basis, average more than 10 times larger. Arctic
nematodes presumably have relatively low annual respiration
(and production) because they are active for only a small

*



part of “the year,'and experlence relatlvely low  temp-
\ eratures when they are actlve.

- \ , The proportlonally very -large nematode contrl-
N _

butlon to 1nvertebrate resplratlon and productlon on the
\ .

'Moralsed beach presumably reflecis thelr ablllty to survive
very long dry condltlons (Cooper "and Van Gundy,°l§71) |
This ability doubtless gives nematodes an advantage over
groups llke the Enchytraeldae and Collembola whlch generally
‘lack this ablllty. On the other hand the relatlve
‘ﬁniﬁportancewof”nematodes in the meadow reflectsbtheir
lowhbiomass,‘and is’ probably a consequence of wet‘soils

with low oxygendcontent..

There is evidence that nematodes may also

dominate invertebrate energy flow in hot deserts. For
the‘Mojave Desert, Crawford (1979) cited nematode metabolism
of 1160 cal m‘_2 year-l. For the same desert, Edney et al.
(1976) estinated Collembolan‘me;aboidsm at 67-76 cal.m‘—2
year_l, and saprovore Acari annual metabolism at 24.80

cal m™2

Studies of nematodes in more temperate communities

reinforce the evident importance of nematodes in energy
flow in the raised beach invertebrate‘communify. For
_example, Wleser and, Kanw1sherh(1961) found that nemdtodes
accounted for 25-33% of oxygen consumed by the mud of a

Massachusetts salt marsh, while Berthet (l964)\est1mated

that nematodes contributed 30% of invertebrate respiration

22



in a'Eelgian'gtassland,. In other communltles nematodes
appear much iess important. Cragg (1961) found that
nematodes oontribhted apptoximately 1% of total inverte-
brate ;espiration in two Moor House soils, and. he ooncluaed
' that nematodes probably contributed little to energy flow.
'Slmllarly, Phillipson et al. (l9i7) estlmated that nematodes
were responsible for 0.11-0.13% of total 3011 resplratlon
Bunt (1954), working on sub-arctic Macquarie Island,
estimated that nematodes accounted for only 6.9% of total
microfaunal act1v1ty in the soil.’ At Signey Island
nematodes contributed 0. 008 0.21% (Spaull, 1973d).
Evidently the importance of free-living soil nematodes

in energy flow varies with the community, and they may

be very importanl in some environments and insignificant

in others. My study shows that nematodes are relatiﬁely
important in many arctic commities, largely because

they can survive conditions whioh appear to suppress

other normally abundant invettebrate groups. For’the same

reasons nematodes'may also be fFlatively important in hot .

deserts.

: 223”,:7
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7.4.2 Arctic Communities, and Predictions of Nematode and

Invertebrate Respiration and Production

On the basis of the data présented in Table 29,
I expéct High Arctic Polar Semi—desertsito have average
annual nematode respiratidn and production of at least
10,000 cal n~2. I am more hesitant to make predictions'fér
proauctiﬁe.and‘unpfoductive Polar Deserts.- fnﬂchaptef‘ N
3.4.5 and Chapter 4.4.2 I%predicted that these two
. communities respectively support nematode densities anq
standing crops of 25% and -2.5% Of’my;estimatés‘fdf Polér
Semi-deserts. The Polar Desert communities probably expibit
proportionally less nematode respiration andlprdduction,
because they are colder (and drier) than Polar Semi-deserts.
This contrasts with the situation in the study site, where
the soil becomes progressively warmer from the traﬁsition
zone to the crest. On the basis of this uncertain rationale,
I expect average annual respiration and production in
productive Polar Desefﬁs to be less than 2,500 cal m/Z,
and much less than 250 cal m"2 in unproductive Polar Degert.
These.figures4are lower than those I expected for most
temperate and tropical communities (in contrast with my
expectations for density and biomass), primarily because of
the attenuated Polar growing season.

My data suggest that average annual nematode

respiration and production in Low Arctic meadows are about
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2,000 cal‘m_z. I consider,this\value the lower limit (for_
mesic hummocky meadows - other meadow types will be lower)

~ ’ . '
because meadows presumably become progressively warmer to

the South. Respiration and production in all meadow types

should progressively increase relative to standing crop as
one proceeds ébuth; |
Nematodes undoubtedly dominate invertebrate
respiration and production in Polar Semi-deserts and.Polaf
Deserts (i.e. 2 75%), with their relative contribution

probably increasing from PolaE'Semi—deseft to unproductive

_Desert. On the other hand, the nematode contribution in

- Low Arctic '‘meadows is likely to be no more thari 30% in the

most favourable hummocky meadows. I expect that as one

proceeds. southward the nematode contribution in the meadows

" declines, as easing climatic conditions and increasing

proximity to richer southern faunas increase the diversity
of spéciés that can inhabit the meadows.

The combined invertebrate data convincingly
demonstfate that there is greater invertebrate respiration'
and production in the Polar Semi-desert than in meadows in
the High Arctic, if only because of the overwhelming
importance of nematodes in the drier communities. However,

following the ratienale offered in the previous two

,pgyégraphs, at some point to the south invertebrate
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respiration ard production in mesic hummocky meadows will
N N . . .

- overtake that of the Polar Semi-desert.
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7.4.3 Critiqﬁé of the Ryan and Whitfield Production Model

Sevefal asSumptions of the'Ryan and Whitfield

model warrant critical comment, -as®do some aspects of my

use of the model. “Assumptions of particular concern include

the fblloWing:

(1)

(2)
(3)

(4)

(5)

- (6)

(7)
(8)

(9)

An individual member of the synthetic cohort grows
oVer the weight range_encompassed by a cbmposite

population comprised of several species of different
sizes; : .
During growth»weight increases exporientially;

R'espiratlj_on is related to increasing weight by a single

‘exponential function;

Respiration increases linearly relative to temperature as
temperature rises; )

Respiration is proportional to production;

The juvenile and adult stéges are separated at the
poiht of cessation bf growth;

The life span is dependent upon initial cohort éize;
The survivorship curve is-exponential in form (i.e.
Type II - Deevey, 1947); and -

The model is deterministic.

Ryan (1977a) assumed that an individual grows

~over the weight range encompassed by a composite population

of several species of différent’sizes. When a population

consists of several species of different sizes, the largest
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size class conslsts of adults of the'largest species, the
smallest size class consists of immatures of the smallest'
Species, and intermediate size classes are heterogeneous
assemblages of adults and-immatures of several spe01es In
other words, no individual grows over the entlre weight M
range represented by the composite populatlon and

production is overestimated. In contrast to Ryan I retalned

4

the weight relationship between the smallest and“largeSt

individuals I observed in Chiloplacus sp. and instead raised

vboth weights equally to obtain the average individual Weight

I observed in the field. This means that the smallest. and
largest weight classes found in the field are not accounted
for,ﬂand'both respiration-and production are underestimated.
Neither procedure 1is conceptually'satiSfactory, and both
should be con51dered preliminary responses to complex i

populatkon “phenomena in the face of 1nsufflclent data (however

I suspect that neither procedure causes serious error in the

uproduction estimates). An improvement oyer both\procedures

would be to separate the composite field‘population into a

‘minimum of three "species", two of which should encompass

each end of the size range, and all of which are defined
and,treatea as I have done.

. The assumptlon that welght increases exponentlally
during growth, and then terminates more or less abruptly

(%yan, 1977a), is probably generally valid for holometabolous
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inveffebrates, but is unlikely to be true for ametabolous
énd hemimetabolous invertebrates (e;g. Enchytraeidae,
Coliembola, Acarina, Araneida). Thé exponential curve is
inappropriate for Nemat%da (e.g. Sohlenius, 1973b) and I

found that the weight growth curve of Chiloplacus sp. is

‘better described by the logistic curve. The logistic curve
(and sigmoidal curves in generél) gives greater production
than does the exponential curve.for the same initial and
final weights. If tﬂe growth curves of the invertebrates

' contributiﬁg most to production on the‘Tfuelove Lowland

are sigmoidal in form, Ryan (1977a) underestimates invertebrate
production on the Lowland. The same 1imitation.applies to

' my estimates of nematode production. One.solution to this
problem is to develop models incorporating other forms of
growth curve, which are rigorously applied to the appropriate
organisms,

The assumption that respiration increases exponentially "
relative to weight is a convenient one that permits easy
incorporation of séveral observed relationships between
respiration and weight, including the s' "face law (i.e.

b = 0.67) and the weight proportional law (i.e. b = 1.00)
(von Bertalanffy, 1957). However, more critical recent
work on the metabolic rates of different developmental

staées of invertebrates show that such relationships are
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overaimplifications (g;g. Randolph et al., 1975). Similarly,
_mptaﬁolic rates for specific stages need not bearea@omauial
relationships to changing temperature (e.g. Grodzinski et
al., 1975). While I obtained a simple e):porlential relationship for

Chiloplacus sp. that.is statistically satisfactory, I feel

+that more critical work would demonstrate a non—linéar
relationship that would include increased metabolic rates
in reproducing adults (Chapter 6.4). Depending upon their

purpose, future models may need to incorporate more
sophisticated conéepﬁ&ons 5f the relationship between
respiration and weight:-

The Ryan and Whitfield model estimates production
at a specified average temperature, which impliesva linear
relationship between physiological functions and temperature
over the range of temperatures encountered by the organism
(cf. Patten, 1975). 1In most arctic animals linearity is
lost at the low end of the temperature range encountered
(¢cf. Chapter 8).  Consequently, the model overestimates
population respiratidh. This problem may be resolved by

‘determining average respiration rate relative to’the
temperature regime, rather than respiration rate at an
average temperature.

The assumption that respiration is’proportidnal to

~ prduction is acceptable only because - . two special conditions

~ 04 the Ryan and Whitfield model, nuu. .y: (1) production in
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the form of growth,'whiCh is restricted to the Jjuvenile
stage, is terminated abruptly; and (2) adult respiration is
esfimated hy aﬁsubmodel of different form to thdt used for
the Juveniles. A proportional relationship between
respiration and production, in conjunction with any growth
curve other than the abruptly ,terminated éxponential curve,
has the consequence that as production tends toﬁzero,
respiration also tends to zero. In ofher word;, iqpatures
that have temporarily ceased growth (e.g. diapause), or
adults that are past reproductive age, also do not respire.
fhis conundrum maf be overcome witﬁ a more sophisticated
function relating respiration to weight as well as to
producfion, when using growth curves whose upper limits are
defined by an asymptoté.

Separation of the Juvenile and adult stages at
cessation of growth (i.e..at metamorphosis) is logical for
holometabolous insects, but is not satisfactory for many
other invertebrates which mature sexually at subsﬁantially
below final weight-(é.g. Collembola - Addison, 1977b;

- Cladocera - Winberg, 1971). This is generally true of
nematodes (e.g. Sohlenius, 1968, 1973a, 1973b; de Soyza,

1973). Chiloplacus sp. began laying eggs at 60% of final
weight (Chapter 5.3). If one accepts cessation of growth
as the start of the adult stage for animals such as

Collembola and Nematoda, the Ryan and Whitfield model
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overestimates the duration of the Juvenile stage and under-
estimates the.adult stagd, thereby overestimating préduction.
Alternatively, ending the juvenile stage at sexuaf maturity
omits production represented by adult growth - which was

aﬁout 5% of cohort production in the case of Chiloplacus sp.

Sigmoidal growth curves do not require that the juvenile
and adult stages be separated at the point at which growth
ceases. n
| The manner in which the life span is calculated
is also questionable. . According to the‘mbdel, the dea}h
‘rate is exponential with respect to degree-day time (Ryan;,
1977a). Because the maximum life span is the time until
the last member of the cohort diés, the life span is highly
dependent upon initial cohort size.  In pracfice, inéreasing
initial: cohort size reduces cohort duration (and concurrently,
increases cohort productionj, thereby increasing the field
-production estimates. Conversely, reducing initial cohort
size 'increase cohort duration, and reduces the field
estimates. Cohort durafion clearly should not be tied to
initial cohort size. |
Apart from the concepfual problem involved in

determining cohort duration,in practice the model's estimates

proved inaccurate. For Chiloplacus sp. I observed a mean

-

generation time’ of 517.1 degree-days, and a combined
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jﬁvenile—adult cohort duration of 993.7 degree-days
(Chapter 5.3.4). bThe model's estimate of the duration of
the juvenile stage was 531.83 degree-days. When I
muitiplied the input data by 15.9187, the model's estimate
became 732.4 degree-days (Table 25). The errors associated
with the model's estimatesiare large enough to reduce my
~estimates of population respiration and production by one-third.
The assumption of é constant moftelity rate for all
stages (i.e. exponentiai decline, or Type II survivorship
curve - Deevey, 1947) simplifies production calcelations,
but probably is not the most representative survivorship
curve for arctic invertebrates. I expect arctic invertebrates
generally to be r selected, and to experience relatively
high rates of mortality in the early stages, and lowered
rates in older individuals. 1In otHer words, Type III
survivorship curves probably predeminate.- Type III survivor-
ship curves have a higher proportion of juveniles in the
populatidn than do Type II curves, which in turn have a
higher proportion of Jjuveniles than do Type I curves.
Redeced proportione of adults increese cohort production
reiative to respiration, i.e. the prdduction coefficients
increaee.‘ On the basis of this argument, I have probably
underestimated nematode pfodﬁction end_overestimated
respiration, and I expect that Ryan's (1977a) estimates for

some of the invertebrates he studied are similarly flawed.

~
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Bé;ause the Ryah and Whitfield model is
deterministic, confidence limits cannot be put on its
estimates, althoughtits éensitivity can be determined by
algering'the values of the input data. 'A stochastic
véfsion is an obviocus next step in the development of the
model. | |

Despite itsllimitations, I cOnside; the Ryan
and Whitfiéid model a valid and'useful research tool.
Probably the model's most important limitation is that it
describes a special case, to which it should be restricted -~
(i.e. holometabolous insects). This limitation has not
been fully recognized by its authors, who have applied

»

the model too generally. Having made this point, I must
acknowledge that I ha;e ignored my own recomﬁendation, as
Ilhave used the model for nematodes in this thesis.
Consequently, I consider my estimates preliminary, althouagh
they are an improvement_over my earlier estimates (Procter,
1977a). I used the model for two reasons: (1) it is very
convenient to use, and (2) there do not appear to be’any
superior alter%atives available (¢cf. Winberg, 1971).
Recognizing that the Ryan and Whitfield model
cannot accurately estimate production of all invertebrates,
I am'developing with a colleague a new production model
that better accounts for the range of production prdcesses

r

shown by invertébrates. Because this new model will

4
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incorporate von Bertalanffy's (1957) metabolic'types,
Ricklef's (1967) growth curves, and DeeveY's (1947) range
Lol

of survivorship curves, the model will also be suitable

for estimating vertebrate production



:Chapter 8

INVERTEBRATE RESPIRATION ON THE

TRUELOVE LOWLAND

8.1 Introduction

In this chapter I present information on
respiration rates and metabolic rates for representatives of
most of the important terrestrial and aquatic invertebrate
groups found onithe Truelove Lowland. The study included
sbecies of Enchytraeidae, Crustacea, Acarina, Collembola,
Lepidoptera, Muscidae and Chironomidae: I carried out the
field research during July and August, 1972, and from Jﬁne
to September, 1973. =

These studies were part of a wider investigation
‘to determine the role of invertebrates in energy flow in
this high ‘arctio/terrestrial ecosystem. Ryan (1977a)
obtained the other information required to estimate‘;nverte—
brate energy flow, and presented a synthesis oféfhie
information. |

The information presented in this chapter was/
not intended to test any of the many questions being asked
about metabolic adaptation to cold (e.g. Scholander et al.,
1953; Hochachké and Somero, 1973; Wieser, 1973); I consider

these data valuable primarily because there is very little

information on metabolic rates available for invertebrates

236
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from High Arctic regions. However, my data do permit

some tentative conclusions to be drawn fega;ding the
‘occurrence of metabolic adaptatlon in Arctlc invertebrates.
My data also permit me to compare the metabollc rates of
High Arctic nematodes with those of other High Arctlcv
invertebrates at the same temperatures. Tﬁis will allow
me to dé%ermine whether nematodes have lower metabolic
rates than do most other poikilothermic metazoa, as appears

v T
probable in more temperate environments.
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I measured oxygen consumption at 2°, 7° and 12°C,
using the- volumetrlc mlcroresplrometer descrlbed by Gregg
and Llntswﬁlaéf@ A Haake Unitherm thermoregulator with

cooling 0011 malntalned the temperatures w1th1f‘

25°C

of the de51red levels.“ﬂ ntgfghangeable chambers‘ol ’obé
250 and 800 ul volume accommodated animals of dl%fe%%nt
sizes. The apparatus was sensitive to change in gas
volume of 0.0015% hr 1. When 1nd1wgﬁual oxygen consumption
was less than this rate, I studied several specimens |
together to obtain measurable rates.

L collected the experimqn?al animals immedia%ely
before experimentation, and allowed them to equilibfate
with the system for one hour befofé taking readings. The
animals were not accliméted to(experimental temperatures.-.
Six respirometers were pperated simmltaneously, with one
left.empty to serve as cohtrol for thermal and barometric
"changes. A minimum of five readings at 30 or 60 min
intergals Were/taken 1'“espi1“omete:r*_1 temperature_l. I
included all readings in the reported results, regardless
of level of activity df the animals.

I obtained the dry weights with é Cahn C2.
Electrobalance accurate to 0.05 ug, after drying the

material for 24 hr at 80°C with calcium chloride.
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8.3 Results
‘ Mean metabollc rate for all species at 2°C was

0.5366 ul 0, mg ary wt™ nr~L; with a range of 1.3690 to

.
0.1322 (Table 30), At 7°C the mean was 1.15%1, and
ranged between 2.9549 and O. 2513, and at 12°C the
corresponding values were 1. 9973, 5.5785 and 0.3066
respectlvely. ; . ‘

The relation between metabolic rate (R) and body
weight (W) for the 16 species at each temperature 1is
represented by the equation: |

log R = log a + b log W

where R is in'ul O, ina~?t hrzl, W is in mg dry wt ind_l,
a (92 consumptlon of a 1 mé iﬁleldual at, the speclfled
temperature ) is the intercept, and b is the slope of the
log-log plot of O2 consumption in ind" -1 hr—l versus welght
S ind” (Table 31, Fig. 15). Analysis of-covariance showed
that none of the b-values were significantly different
(P = 0.05). "‘ |

The mean QlO va&ue for the 2°-12°C ihteryal
was 4.01, with a range of 9.20 to 1.19 (Table 32) The
corresponding values at 2°-7°C were 6.86, 27.28 and 1.08,
and the 7°-12°C values were 2.99, 7.72 and 1.32. Eleven
species had smaller Q.4 values at 7°-12°C than at 2°-7°C,

while five species had larger values at 7°-12°C.



Table 30. Oxygen consumption and dry weight for 16 invertebrate

species (n = 5).

~
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Species

°C Dry wt Oxygen consumption
me- ul 0, 1nd et ul 0, mg'_:l'h.'r“1
mean + SD mean + 8D meé.n o+ SD
ENCHYTRAEIDAE '
Henlea nasuta 0.0371 0.0L22 0.0308  0.0319 0.7675 0.259.
; 0.0310 0.0291 0.034L 0.0326 “1.1377 0.6097
12 0.0336 0.0186 0.0689 0.0417 1.9188 0.5791
CRUSTACEA :
Daphnia pudex 2° 0.0430 0.0032 0.0587 0.0186 1.3690 0.4186
0.0L41 0.0054 0.1090  0.0193 ° 2.4897  0.4933
12 0.0432 0.0089 0.2058 0.024L8 5.0027 1.L051
Prionocypris 0.1239 0.0082 0.0416 0.007L 0.3354 0.053%5
glacialis {Sas) 0.0755 "0.0055 0.0569 0.0150 0.7508 0.1891
12 0.1125 0.0209 0.1196 0.021L & 1.0902 * 0.21L8
Cyclops magnus 0.1045 0.0062 0.0L10 0.0063 0.3982 _0.0628
, 7 06.1117 0.0127 0.1480 0.0881 1.3080 0.7390
12 0.096L 0.0106 -0.1497 0.0516 1.5165 0.5L83
%xclops magnus 2 0.0194 0.0022 0.0224 0.0079 1.2026 0.L4511
Juvenile] 7 0.0182 0.0015 0.0535 0.0182 2.9549  0.9933
12 0.0189 0.0042 0.1047 0.0239 5.5785  0.9L45
Atthe rella 2 0.0102 0.0005 0.0119 0.0058 1.1632 0.5L93
porde ~skioldil 7 0.0083 0.0011 0.023L4 0.01L3 2.6927 1.1333
12 0.0089 0.0008 0.0346 0.0076 3.9691 1.0798




Table 30. Continued.

Species °C Dry wt ,. Oxygen consumption ,
| ng ul 0, ind™hr? w 0, mg Thr T
‘mean i SD mean +  SD mean +  SD
ACARTNA
Trichoribates 2 0.0147 0.0007 0.0036 0.001 0.24,36 0.0922

polaris Hammer 7 0.0145 0.0008 0.0052 0.0015 0.3589 0.1159
12 0.0141 0.0008 0.8060 0.0015 0.4254 - 0.1060

4
Hermannia 2 0.0L02 0.0038 0.0059 0.0015 0.1469 0.0342
subglabra Berlese 0.0438 0.0056 0.0108 0.00L7 0.2513  0.1123
12 0.0451 0.0069 0.014L 0.0061 0.3066 0.1059 .

Lebertia porosa 2 0.2849 0.031L 0.0LL6 “0.0195 0.1596 0.0735

Thor, §. lat. 0.2670 0.0893 0.2063 0.0755 0.8336 . 0.L11L
' 12 0.3157 0.0649 0.3612 . 0.1305 1.1912 0.4978
COLLEMBOLA _
Hypogastrura sp. 2 0.0188 0.003L 0.0052 0.0028 0.2732  0.2509
?gcﬁf%%§gi | 7 0.0255 0.0081 0.0172 '0.0066 0.6953 0.21436
12 0.0166 0.0052 0.0168 0.0102 1.1960 .1.0317
Folsomia 2 0.0025 0.0001 0.0003 0.0011 0.1322 0.}766
- 2grelli Sisin 7 0.003L 0.0004 0.0021 0.0010 0.5708 0.2869
’ 12 0.0042 0.0006 0.0050 . 0.0033 1.216L 0.8730
" LEPTDOPTERA . | |

Gynaephora = 2 0.2109 0.0610 0.071k 0.0190 0.3536  0.1079
\%gggééegurtls)‘ 7 0.1814 0.0091 0.1506 0.0609 0.8319 0.3373

12 0.1837 0.0051 0.4250 0.1098 2.3117 0.5873

‘ .
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Table 30. Continued.

Species . °C Dry wt . | Oxygen consumption .
: ng ul 0, ind Thrt ul 0, ng -1
mean _4_»_> SD mean + . SD mean .—+-  SD
MUSCIDAE"

Spilogona prob.: 2 2,9590 | 0.1889 1.3737 0.5012 O.h6).;3 0.,1666
- tundrae Schnabl.

Tiarvas) 7 3.6520 0.7211 1.7687 0.7232 0.4817 0.1851
. 12 3.5752 0.4102 2.0021  1.1566 0.554L "0.3124

CHIRONOMIDAE ; o L |

Psectrocladius 2 0.4829 0.075k 0.2966 0.0847 0.6230 0.1854

sp. (larvae) 7 0.5605 0.0915 0.7966 0.4126 1.4126 ~0.6748

12 0.L4440 0.0321 1.0759 0.4266 ~ 2.4010 0.9053

Procladius 2 0.5831 0.0768 0.283L 0.1065 0.4791 -0.1396
.1f°§1;;;§°rmls 2 7°0.3965° 0.1636  0.3137  0.2212  0.7975  0.4338
Elarvae) 'Elezwo,h378 0.2550 0.8280 0.4131 1.9026  0.7194

- .

Cricotopus sp. 2;}6;u597 0.0692 0.2798 ©0.0832 0.6218 ' 0.2061
(larvae§ 12 0.4920 0.0409 T1.0675 0.6579 2.1999 1.3752

. o i T~ .
Orthocladius S;ﬁ. 2 0.1072 0.0203 0.0L12 0.0089 0.3900 0.0866
(larvae) ke 3 '

o,

Y 4 7 0.0785 0.0129 0.0656 0.0304 0.8687 . 0.LLO3
o 12 0.0982 0.0292 0.1103 0.0510 1.1278 0.5228
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Table 31. Relation between oxygen consumption (R) and dry weight
(W) for 16 invertebrate species at 2°, 7° and 12°C;
log R ='log a + b log W.

Temp (°C) a + 9% CI b + 95% CI
2 -0.3290 0.2957 1.0427 0.2232

7 : -0.1143 0.2995 0.9343 0.2182

12 0.1160 0.3175 C.9463 0.24L04
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Table 32. QlO values for 16 invertebrate species at three

temperature intervals. <
Species 2o~ 12°C po— 7°C 7o— 12°C
ﬁeﬁlea nasuta 2.50 2.20 2.84
Daphnia pulex -3.65 3.31 L.0L
Prionocypris glacialis 3.25 5.01 2.11
Cyclops magnus 3.92 10.79 1.43
nglopé magnus (juvenile) L.6L 6.0 - v 3.56
Attheyella nordenskiodlii S 3.a 5.36 2.17
Trichoribates polaris . 1.75 o 2.17 1.40
Hermannia subglabra ‘ 2,09 2.93 1.50
Lebertia porosa - 7.6 27.28 2.bh
Hypogastrura sp. : L.38 6.,L,8 2.96
Folsomia agrelli . 9.20 18.64L - L.5L
Gynaephora rossi 6.54 S.SL 7.72
Spilogona tundrae . 1.191 1.08 1.82
Pgectrocladius sp. 3.85 ' 5.24 2.83.
Procladius culiciformis ° 3.97 2.77 , 5.69
Cricotopus sp. : ' 3.54 - -
Orthocladius sp. 2.89 L.96 1.69

Mean . L.01 6.86 2.99
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Table 33. Respiration rates for some arctic, antarctic and alpine

invertebrates. For the following species the associated

percentages were used to donvert live weight to dry

weight: C. antarcticus, 30%; H. tulbergi, 29.9%

(Addison, 1977b); F. regularis, 35%; O. groenlandicus,.
3%; Z. exwlans, 18.93% (Hagvar and Pstbye, 197L);

T. excisa, 3;%.

e
Species. Temperature Dry wt ul 02 mg—lhr_l Reference
(°c) ng
CRUSTACEA
Cyclops vernalis 0 0.0025(1V) 1.1204 Taube-Nauwerck,
(copepodite IV, T . 1972,
adult Q) 0 0.0059(Q) - 0.7705
Limnocalanus 0.612—0.028 1.3490 Roff, 1973,
Racroxus 0.012-0.028  1.5091
0.012-0.028 1.8436 e
10 0.012-0.028 2.65L45
15 0.012-0.028 L,.1564
Mysis relicta 0 0.08-4.50 0.9526 - Lasenby and
2 0.08-4.50 1.0647 Langford,
h; 0.08-4.50 1.4149 1972.
6 0.08-4.50 1.6881 )
8 0.08-4.50 1.8562
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Species Temperature Dry wt ul O, mgrlhr_l Reference
(°c) ng
COLLEMBOLA a A
Cryptopygus > ©.0009(T) 1.L0L milbrook and
%%%%E%%i%%izi, 0.0031(11) 0.836 Block, 1972.
111,IV, V) 0.0077(111) 0.56L .
' 0.0158(1V) 0.416
~0.0278(V) 0.328
a 6 I 5.520
1T 2.02}
111 0.956
v 0.532 .
A 0.336
10 1 16.108
1T 1.920
IIT 2.012
v 1.008
v 0.588
Hypogastrura 10 0.7L48 Addison, 1977b.
tulbergi
Foltomia 10 0.8731 Addison, 1977b. -
regularis A
Onychiurus 10 0.3391 Addison, 1977b.

groenlandicus
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Table 33. Continued.

Species Temperature Dry wt ul O2 mg'—lh:r-1 Reference
(°c) mg .
LEPIDOPTERA .
. Zygaena exulans -5 2.5-52.0. 0.4437 Higvar and
(larvae) 10  2.5-52.0 0.9667 - @stbye,
15 2.5-52.0 . 1.8%k2  197L.
- 20  2.5-52.0 2.3930 ‘
TIPULIDAE
Tipula excisa 5 2-6(11) 0.82 Hofsvang,
(larvae: II, 10 2-6(11) 1.14 ] 9723 .
11T, IV) 20 2-6(IT) 1.75 ofsvang, =~
5 6-16(111) 0.Lk 1973.
10 6-16(111) 0.80
15 6-16(I11) 1.30
20 6-16(111) 1.L4h
5 16-L1(IV) 0.26
10 16-L1(IV) 0.38"
15 16-L1(IV) 0.66
20 16-41(1V) 0.82
'Pedicia hannai 0.5 0.1-8.0 0.491 MacLean,
5 . 0.1-8.0 - 0.655 ‘ pers. .comm.
10 0.1-8.0 1.311.
‘15 0.1-8.0 « 1.886

20 . 0.1-8.0 2.582
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L C4
Species - Pemperature Dry wi ul O2 mgrlhr_l Reference
' (°C) ng
CHIRONOMIDAE
Pseudodiamesa 8p. 0. 0.002-2.487 1.708-0.136 Welch, 1976.
Lauterbornia sp. 0 0.0002-0.926 0.222-0;219 Welch, 1976.
Heterotrissocladius 0 0.001-0.726 0.600-0.115 Welch, 1976..
8D. X . ]
Trissocladius sp. 0 0.0003-0.499  1.429-0.234 Welch, 1976.
Orthocladius sp. 0  0.0004-0.693 1.463-0.26l Welch, 1976.
Chironomus_ sp. 5 0.30(I11) 0.37 Bierle, 1972;
(larvae: 11X, IV) 10 0.30(111) 0.67
15 0.30(I11) 1.18
20 0.30(III) 1.72
25 0.30(I1I1) 2.28 |
5 1.90(1V) 0.20
10 1.90(1V) 0.34
. 15 1.90(IV) 0.70 \
20  1.90(1V) 0.94
25 1.90(1IV) 1.30
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Table 3. QlO values for some arctic, antarctic and alpine invertebrates.

Cryptopygus antarcticus 2-6

Sizes: I,I1T,III,IV,V.

Zygaena'exulans

(larvae)

Tipula excisa

Instars: II, IIT,

Iv.

Pedicia hannai

(larvae)

Chironomus sp.

Instars: III, IV.

5-10
10-15
15-20
\5—10
10-15
15-20

0.5-5

5-10
10-15
15-20

5-10
10-15
15-20
20-25

30.65, 9.12,3.74,
6-10  1L.55, 9.21,6.L3,

4.75
3.68
1.67

1.93,3.31, 2.14

- 2.6L4, 3.02
-  1.23, 1.54

1.90
L.01
2.07
1.87

3.27, 2.89
3.10, L.24
2.12, 1.80
1.76, 1.91

1.85, 1.06
4.9L, 4.05

Species Temperature Tnterval QlO Reference
(o) :
‘Limnocalanus o-L - y 2.18 Roff,
Qecrirus L-10 . 1.84 1973.
J 10-15 2.5
L.ysis relicta 0-L 2.69 Lasenby and
L-8 1.97 Langford,1972.

Tilbrook and
Block, 1972.

Higvar and
Patbye,
197L.

Hofsvang,

1973.

Maclean,

pers. comm.

. Bierle,

1972.
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8.4 Discussion .

In the present study the Crustacea had the hirhest
metabolic rates, followed by the Enchytraeidae, Lepidoptera
and Chironomidae (Table 30). The reproductive condition of
two of the érustacean species probably contributed to  their

high metabolic rates. For example, the Daphnia pulex

individuals were all females with eggs, as were some of the

Attheyella nordenskioldii specimens. Developing eggs maj

have increased metabolic rate thle contributing relatively
little to biomass. Webb (1969) reported that Nothrus
silvestri (Acari) adults containing developing eggs had a
weight-specific metabolic rate 56% greater than that of
nén—breeding adults. -The inclusion of Juvenile Cyclops
magnus; which metaboly%édiéf approximately three times the
rate of the aduits, aisq contributed to the high average

metabolic rate.

The two terrestrial mites, Trichoribates polaris

and Hermannia subglabra, had very low metabolic rates at

all temperatures, although both collembola species and the

aguatic mite Lebertia porosa had equally low rates at 2°C,

and Spilogona tundrae\metabolised nearly as slowly at 12°C

(Table 30). Webb (1970) reported that oribatid mites have
‘ £y

lower metabolic rates than most other sokl-dwelling

inVertebrates, including the Enchytraeidae and C%;lembola.

The present study supports this general relationship, but
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differs in that both collembolan species metabolised
more slowly than the one enchytraeidae studied. The low "
metabolic rates of the oribatid mites probably reflect
fﬁgir Sedentéry habits (Webb, 1970).

PuBlished crustacean metabolic rates resembled
-my data in being relatively high, particularly at 0° and
2°C (Table 33). The Crustacea metabolized more rapidly at
these temperatures than did most other species at 5° and ‘
10°C. Tﬁé excepfions are the smallest individuals of the

" collembolan Cryptopygus antarcticus (Tilbrook and Block,

1972), and the very early instar chironomid larvae (Welch,
1976), almost all of which had similar rates to the

crustacea at the lowest temperatures. Cryptopygus

antarcticus also metabolised more rapidly than thé‘crustacea

at higher temperatures.

Juvenile C. antarcticus provide the greatest

contrast to my Jata. For exémple, C. antarcticus weighing
, ; p

0.0031 mg metabolised at approximately 5 times the rate of

adylt Folsomia agrelli of the same weight. On the other

hand, adult C. antarcticus metabotised much more slowly, at

a rate similar to adult Hypogastrura of the same size.

Cryptopygus antarctucus provides a striking example of the

size-specific differences in metabolic rate frequently
observed between developmental stages (e.g. Bierle, 1972;

Hofsvang, 1973; Welch, 1976). From my study Cyclops
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magnus shows the same phenomenon.

Apart from C. antarcticus, collembola from other

<<\‘studies differed little from the species I studied. Addison

(1977b) obtained metabolic rates for Hypogastrura tulbergi

and Folsomia regularis at 10°C that are intermediate

between the 7° and 12°C rates I obtai®ed for Hypogastrura

sp and Folsomia<§grelli. Onychiurus groendlandicus

metabolised more slowly than the other species.
Published information for chironomids shows the
K . .

same size-specific differences in.metabolic rate reported

for the collembolan C. antarcticus (Welch, 1976 ; Bierle,

1972). . Consequently, the early instar chironomids metabolised
much more rapidly than the later instars, inclading the |
final instar larvae I studied. However,'my data are comparable
to the. information obtained by Welch for larvae of equivalent
- development. |
In general the metabolic rates I ebtained are
comparable t§ data for ether arctic, antarctic and alpine
invertebrates at~§imilar temperatures. I attribute the few
major differences to studies of different developmental
stages, and possibly to different methodology.

Chiloplacus sp. had a metabolic rate at 2°C that

was only slightly lower than the average value for the

invertebrates in general (i.e. 0.275 x 1070 w1 0, ug“l hr

’

compared with 0.349 x 1072 ul). 'Because of its lower
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weight exponent, Chiloplacus sp. necessarily has relatively

lower metabolic rates compared to the invertebrates at
temperatures above 2°C. However, the nematode faune as a
whole had a metabolic rate of 0.052 x 1077 ul at 2°C. that
is, oniy one-seventh of the average rate of the othe
invertebrates. These results confirm my expectatior. chat
nematodes‘have lower metabolic rates than do more highly
evolved invertebrate poikilotherms. | W,
With all three wéight/oxygen consumption exponents
close to unity, I concluded that oxygén consumption 1s
directly proportional to weight when species are compared
(Table 31, Figure 15). Scholander.gg.'gl. (1953) obtained
exponents of 0.80-0.85 and likewise' concluded that metabolic
rate is df;gbtly proportional to wéighﬁ} In contraét, when
different developmental stages of single species were

compared, only two cases of direct proportionality were

/

observed - Lauterbornés sp. (Welch, 1976 ), and Henlea nasut

in the presentistudy. In the other species oxygen /
consumption increased more slowly than weight (e.g.

C. antarcticus, T. excisa, C. magnus, and most chironomid

'larvae).

The variety of apparently species-specific weight/
respiration exponents in the literature has resulted in
several hypotheses, including the "direct proportionality"

relationship illustrated by several species Iustudied, and
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the "surface law" relationship (cf. Chapter 6).’ Héwever,
Keister and Buck (1973) suggéSted that because of the |
number of variables which may affect both metabolic rate and
weight, exponents should be consi lered deécriptivé only.\ By
contrast, f tried to show in Chapter 6 why one may expect

a variety of exponents among invertebrates.

The three mean QlO valueé are similar to the
corresponding values éstimated from Krogh's (1941) standard
metabolic curve (Table 32). However, the means approximate
the standafd curve primarily because of.several very large
values, and most of my values are smaller than ﬁhe'standard,
including three between 1.19 and 2.09 at 2°-12°C, and three‘
between 1.08 and 2.20 at 2°-7°C.

o @pst species had decresing Qi values with
increasing tempgrature, indicatiné a trend toward linear
rather than exponential increasé in metabolic rate with
increasing températuré. Two species, Heﬁlea hasuta and

/ >
Spilogona tundrae, had nearly constant values, denoting

exponential increase in metabolic rate with temperature,

while others, notably Daphnia pulek; Gynaephora rossi-and
¢ .
Procladius culiciformis, had increasing Qlo values with

temperature, and consequently a steeper than exponential
rise in metabolic rate.

Stroganov (1956) presented evidence, based.cn

temperature acclimation in fish (Gambusia), that metabolic
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rate-temperature curves may be more complex than Krogh's
standard curve. An important part of Stroganov's thesis

is the presence of a 'zone of relative thermoneutrality' in
which QlO is relatively low, and whichvrepreaents the
temperature zone to which the organism is acclimated, or

lin which it usually'lives (Duncan and Klekowski, 1975);“»If
Strgganov's curve"is'Widely applicable as Wieser (1973)
sﬁggests, thetaeVeral ﬁatterns ofthonalues I pbtained.may
indicate that meaSurementhwere made at different'points on
 the various curves."For example, only the upper part of the

B
1

'zone of thermoneutrality' was covered by the measurements

for Procladius culiciformis, only the lower part of the zone

was included for Lebertia porosa, and all three measurements

fell within the zone for Spilogona tundrae (Table 32).

Aquatic invertebrates presumably have their 'zones of thermo—»
neutrality' at lower temperatures than do terrestrlal
invertebrates, because the former generally are subject to
lower temperatures when active.‘

While_Stfeganovts‘thesis offers an explanation for
the variety of my observations, it must be pointed out that
measurement at only three temperatures provides insufficient
information to determine the form of a coéplex metabollc
rate-temperature curve. Furthermore, none of the studies
cited provide sufficient information for reliable analysis
of such a curve, which may require 15-20 measurements taken

at 1l°-2° intervals.



Published QlO values varied between 30.65 at

;
2°6°C for immature prptopygus antarcticus, and 1.06 at

226°C for adult C. antarcticus (Tilbrook and Block, 1972)

"(Table 34), showing the same very wide range that I

obtained (Table 32). Furthérmore, the distribution of

valﬁes was similar, including a large proportion of relatively
small values, and a few very large values. The trends in QlO
also resembled my results, with most species exhibiting

- decreasing QlO values with increasing temperature, while a

few had constant or increasing values. Of special interest

are the low Qlolvalues for Limnocalanus macrurus, Mysis

»
@

relicta, Cryptopygus antarcticus (sizes IV & V), Tipula

excisa and Pedicia hannai in the 0°-10°C range. These values

reinforce my observations that some species habitually

living in cold climates have low QlO values. ‘Also noteworthy
is the extent to which some of these &alues, BOth high,k and
\low, diVerge from Krogh's standard curve. For exampleyytﬁe

Qo values for C. antarcticus stéges I & V at 2°-6°C were

30.65 and 1.06 respectively, compared with 8.34 from‘Krogh's
curve. These observations, like those from.my experiments,
demonstrate that Krogh's curve does not rellaély predict
invertebrate spec%es—spec;flc metabolic rates at low

temperatures.

7

Scholander et al. (1953) suggested invertebrates

may have three methods of adaptatlon to arctic env1ronments'
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p
(a) low QlO’ whereby‘temperature sensitivity is low;

(b) shift of metabolic curve to maintain high metabolic
rate; and (c) selection of favourable microclimates.

' Scholander et al. (1953) found no low Qo values
in the arctic invertebrates.they studied and concluded that
this type of temperature adaptation is more likely to occﬁr
in ﬁemperate animals, which.éxperience greater temperature
variatioﬂ.y I observed low Q5 values fairly frequently

in both aquatic and terrestyial arctic invertebrates.
3

- Although arctic environments, and particularly aquatic

environments, experience more constant temperatqres-thah
temperate or élpine habitats, relatively small temperature
chénges can be important because temperatures are often only
marginally favourable for life cycle processes; Low QlO
values may help maintain adequate metabolic rates in these
environments. | ‘ |

Scholander et al. (1953) found shifting of
metabolic curves only in aguatic invertebrates, which

showed relatively high metabolic rates compared to tropical

VSpéciesiat lpWﬁtemperatures (they did not measure metabolic

rates of‘tropicbl species at low témperatures‘bu% extrapolated

according to Krogh's curve). Scholander et al. (1953) did

not suggest why modified metabolic curves should be

restricted to aquatic invertebrates. However, arctic aquatic

environments are undoubtedly colder than terrestrial
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environments. For example, the wet meadows proved colder

than the drier beach ridges (Courtin and Labine, 1977).

Furthermore, the high specific. heat of.watér causes

temperature to vary 1éss and aquatic animals therefore have

access to a smaller rénge of microclimates than do ‘terrestrial

animals. Cdnsequently, aquatic species may require modified

metabolic curves in order to attain metabolic rates comparable

t5 those‘of terréstrial species. “ L
My genefal studies produced no uneqﬁivocal cases

of shifting of metabolic curves. For example, Daphnia pulex

had a metabolic rate of 2.4897 ul 0, mg " hr™t at 7°C,

compared with Richman's (1972) 1.8621 ul for similar sized

' individuals reared at 20° (20° data convefted to 7° -
according to Winberg; 1971). These results do not suppbrt
the five-fold difference Scholander et al. (1953) reported.
Lasenby and Langford (1972) compared’metabolic rates of the

crustacean Mysis relicta from an arctic and a temperate

lake and obtained no evidenéé of metabolic ,adaptation ih
the arctic population. Holeton (1974) also found little
sign of “ndified metabolic curves in arctic fish, and showed
that some reported examples of coid compensation in arctic
fish are questionable on methoqological and interpretative
grounds. Consequently, while modified metabolic curves
appeaf adaptive, particularly in aquatic. species, the

evidence for such adaptation is equivocal at best..

<N
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Both Chiloplacus sp., and the Truelove Lowland

Lematode fauna as a whole, showed signs of shifting of the
metabollc curve relative to nematodes‘of more temperate
environments (cf. Chapter 6.4). The apparent adaptation
of thelr curves showed as higher metabollo rates below
10°C. Cooper and Ferguson (1973) experlmentally demonstrated
oold—aoolimation of oxygen consumption in two speores of
free-living nematodes-at 10°C relative to 20°C. Nematodes:
are perhaps atypical for arctic invertebrates in being
essentially aqﬁatic organisms that are exploiting the
terrestrlal environment.
A Many of the species studied showed little 51gn

of adaptation of metabollo rate to cold. Lacking adaptation
of metabollo rate, these spe01es may have behav1oural

adaptations which, however, are probably suppressed by

the experimental conditions. For example, behavioural
thermoregulation of the kind observed in arotic Lepidoptera
(Kevan and Shorthouse, 1970) would not occur djrlng
conventlonal respirometry. In the present study two species

with high QlO values, Folsomia agrelli and Gynaephora rossi,

are actfve.terrestrial animals which can probably locate
favourable miorbclimates very quickly. Thermoregulatory
behaviour, ihcluding the ability to select favourable
microclimates, is presumably shared by all 1nvertebrates,

~and is probably the predomlnant tarctic! adaptation to cold
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(Scholander et al., 1953). In other words, many arctic
species probably lack special metéboTiq adaptations and,
using normal capacity fof selecting favourable microclimates,

are opportunistic in their utilization of arctic

1
environments.
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Chapter 9

EVOLUTIONARY TRENDS IN SPECIES PRODUCTION STRATEGIES,
AND THEIR IMPLICATIONS FOR COMMUNITY AND ECOSYSTEM
PRODUCTION EFFICIENCIES

9.1 Introduction _ . .

. Several general questions about efficiencies
in energy processing by indiéiduals, populations and
communities have been posed in the past (e.g. Lindeman,
1942; Engelman, 1966; Kozlovsky, 1968). We are now beglnnlng
to obtain sufficient'informaﬁion to answer some of these
questions. For example, increasing mmbers of studies an
.the energetics of individuals are deflnlng the roles of such //”\
'diverse’properties of 1iving organisms as age, thermoregulation,
and traophic position in-governing gross and net production
effiéiencies (e.g. Randolph et al., 1975; McNeill and -
Lawton, 1970; Van Hook, 1971).

wWith sufficient knowledge of how individual

energetic propertles vary with the age and reproductive
"condition of the oréanlsm, this 1nformatlon can be integrated
into populations throughvage—speoifio birth and death rates,

and age structure. This makes possible simulation of

population energy flow from 1nd1v1dual data (Randolph et 3gl.,
1975) .
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In this chapter I use present knowledge of the
energetics ;f indiyiduals and their populétion charac-
eristics to go beyond simulation of poéulation energy flow,
to refine expectations about energy utilization in different
trophic levels, communities and ecosystmes. To accomplish
this I first integrated different organisms.and +their
populat{pnsinﬁo'the concepts of r and K strategists
(MacAr?%#r and Wilsqn, 1967). I then integi%;eth; pépu—
lationékéhus defined into the concepts-of 'f selected' and
'K selected’ t;bphic levels, communities and ecosystems.
From thié base I then predicted the relative performances
of these higher levels of ecological organization in terms
of efficiencies of’energy utilization.

An esséptial part of this chapter are my
predictions for High Arctic and Low Arctic communities,
which are set within the framework of.my more general :

predictions.

Finally, I addgess the last guestion posed in

Chapter 1 - "What is an Arctic insect?", which I have |
expanded to encompass all inveftebrates = in terms of the

- A “
_concepts discussed in this chapter.
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9.2 Production Strategiesbin Animélé\\\\

~

' During evolution from unicellular animals to
metazoa, and from poikilotﬁerms to homoiotherms, an increase
in potential population growth rate occurréd (Fenchel, 1974;
Christiansen and Fenchel, 1977). Thus, a poikilotherm
metazoan has a value of r that averages about twice that of
a protozoan of similaf size, and a homoiotherm metazoan has
an r-value averaging about 1.7 times higher than that of a
poikilotherm metazoan of the same size (Fenchel, 1974).
However,‘evolgtion of metazoa also led  to higher metaboiio
' rates, presumably because more cdmplek structure and homoio-
thermy require more energy for maintenancé (Fenchel, op. cit.).
For example, pbikilotherm metazoa have a metabolic ratelwhich-
averages 8.3 timesAhighef than that of unicellular organisms
of the same size (Fenéhél, 1974; Hemmingsen', 1960; Zeuthen,
1947). (Nematodes fall between unicellular orgénismsgand
most poikilotherms'in metabolic rate - Chapter 6.4.1.)

: Similarl&, wheh poikilotherm and hbmoiotherm metazoans of

idé'ticaIISize are compéred, the latter_have a metabolic

rate which ié 28 times higher than that o thiﬁformem. The

smalle;.slope of the r-body weight~relationship'(—0.275)

relative to thaf’of the metébolic~pate - body size relation—'
ship (-0.249) found by Feﬁchell(l97Z).aléo indicateé tha£

| with increasing size an increasing propprtion of energy is 

o«

allocated to maintenance.

-~



265

Fenchel (1974) proposed that r can be used as a
measure of potential population production. Accepting
Fenchel's arguments, his data shpw that the ratio "production/
metabolic rate" is about 16.5 (28/1 yaN tlmes higher for
poikilotherm metazoa than for hom01otherms, and about 4 15
(8.3/2) times higher for unicellular animals than for
poikilotherm metazoa. (The "produo%ion/metabolic rate" ratio
of nematodes will lie between those of unlcefiular organisms
and most poikilotherms.). McNeill and Lawton (1970) compared
annual production and respiratioﬁ data for field populations
of different metazoans, and found that while poikilotherm
’raanampnanenxﬁdaxpnmmmateur2 .3 tnm5 production,
respiraticn.of hamoiothexms averaged about 55 times their
- production. In other words, the ratio between population
productivity and respiration of poikilotherms 1is about 23
times larger than that of homozotherms.

Fenchel's (1074) calculatlons, based on labg%atory
data, undoubtedly underestlmate the dlfferences in the ratlo
nyroduction/metabolic rate’ between unicellular anlmals,
éilkllotherm metazoa‘and hom01otherm metazoa, as comparison
with McNeill and Lawton's (1970) fleld populatlon data
suggests. Consideration of tte form of the survivorship
curve may explain this shortfzll. A population of an
animal with a Type IIIjsurvivorship (DeeV@y, 1947) will have

a relatively high'production/metabolic'raﬁe ratio, becaus®

]
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will have a relatively low production/metabolic rate ratd
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of the small proportion of the population reaching old age,
at which stage little or no energy goes to production, and
E

a large proportion goes into maintenance. Conver

population of an animal with a Type I survivorship curve

v

because a relatively 1arge’proportion of individuals reach ,
and continue in adulthood. Agcepting that unicellular animals
are relafivély r selected, this supposes Type IIT survivor-
ship curves (Margalef, 1958; Pianka;'1978). On the other c
hand, hémq}otherms metazoa are relatively K selected; and i
consejuently have Type I survivorship curves. Copsequently,
the form™»f the survivorship curve probably substantially
increases the differenées predicted by Fenchel in the ratio
production/metabolic réte‘between populations éf the three
kinds of animals. - ‘

fhe differences between populations of poikilotherm
metazoa and homoiotherm metazoa may be expressed in terms of
population productivity coeffi;ients, és I have done with

McNeill and Lawton's (1970) data in-Chapter 7.4.1.

A
!
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9:3 Production Strategies in Plants

Plants show a decline in population/respiration ,
rate ratios with increasing size and strﬁctural complexity
that is analogous to that demonstrated in animals. In the
\\siﬁéle-celled planktonic alga Chlorella, the photgsyntheticaliy
active organs (chromatophores) take up about half of éhe
volume of the protoplasm (Larcher, 1975). Proceeding thrdugh
annual herbs, pefennial herbs, to trees, progressively greater
portions of the total plant mass are accounted for by purely
respiratory tissues (e.g. stems, roots). For example, in
Alpine grassland plants ébout‘70% of total méss‘is’accouhted

t f", kY
for by purely respiratory tigsues; in dwarf ericaceous shrubs
».‘ N tr "

of heath and tundra éhe proporéion is 80-90%; and in evérgreen
trees of tropical and sub%ropica14forests the proportion ig
about 98% (Larcher, op. ggi.), Furthermore, the prbporti§£

of purely respigatory organé inpreasés as individual plants
mé?dre. This is most marked in the large, highly differentiated
trees where, in the first years of life, leaf mass can
constitute up to half of the overali bioéass of the tree,
but comprises only‘1—5% 5f the mass of mature trees (Larcher,
. gli.). _ .

| Because the prdpbrtion of‘respiratory”tissues

increases with increasing size ahdAcomplexity of the plants
the proddctivity coefficient prdgressi%ely:deéreases Qithv
‘increasing‘size;‘ Iﬁ populations of autotrophic planktoﬂ»and

) . . . e

C oy &
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in meadows the coefficients may be close to lOi(i.e. 10%
D

'of gross production metabolized in respiration), in Beech

wood about 2.; (i.e. 55% production, 45%-respiration), and
in tropical rain forest about 1.3 (i.e. 22% production, 78%
respiration) (Larcher, 1975). Likewise, young piants |
presumably have larger productivity coefficients than do
mature individuals, with.the differences in coefficients
between‘ybung and adult plants probably being least in -the
simplest plants, and greatest in e most complex plants.
Production of autotrophic single-celled organisms
is utilized primdrily.in~reproduction (Larcher, -1975);
rather than for maintenance like the large t{opical trees at
the other end of the complexity continuum, Harper, Lovell and
Moore (1970) point out that because annual herbs, perennial
herbs, and trees allocate progressively smaller fractions of
their resources to i;éroduction, they constitute progressively

more K selected life forms. Assuming, as I did for animals,

that r selected unicellular plants have Type III survivorship

cur&es, and that K selected trees tend towards Type I curVes;
the difference in productivity coefficients between r selected
and K selected plants'would likewise be incréaSed when their

populations are compared. Y

h 4
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'1972)} but they also have high production efficiences (e.g.
\\“ a
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9.4 Efficiency of.Energy Utilization by Species

‘ Several predictions regarding production efficiency
can be drawn from the relationshigsnbetWeen size, struetural
complexity, metebplic‘rate‘and reproductive .strategies I
heve outlined above. Firstly, r selected orgahisms hot only
have reiativel& high productivity (e.g. Gadgil and Solbrig,

e

high productiii%{%;iéfficienﬁs). Secondly, K selected

organisms have bo relatively low productivity (e.g. Pianka,

. . 3 V
19%8), and low productiof] efficiences. My propeiili///'
conflict with the commonlyvheld expectations that r

strategists maximize productivity but nof efficiency, while }

i

‘K strategists maximize<efficiency but not productivity

(e.g.'MacArthufyand Wilsan, }9é7; Gadgil and Solbrig, 1972;
Pianka, 1978). In support of the commonly held expectations,

Gadgil and Solbrig ( op. cit.) suggeéted‘that r selected

¢

animals waste more food than do K selected animals when food

is abundant. Whether true of not, this possibility does not |
obscure the underlyiné phyéiolegicgi superiofitxeof r selected
orgahisms in production efficiency. |

While I consider it virtually axiomatic that K

‘ S%Pected organisms are less efficient than r selected

- .

"organisms in produgction, it may also be axiomatic f%at K

selected organims ultimately gain'in the elaboration of
superior competiti?e attributes, whether structural,

=
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7

physiological or behavioural, that result from different

ut;lization'of gross production. For example, the great

o’

expenditure of energy on supporting tissues by woody plants
X _

eventually procures decisive competitive advantages over c

herbaceous plants in areas with long production periods, as

the herbs are slowly but surely-overshadowed by the taller

woody plants (Larcher, 1975.).
‘ i
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‘9.5 Efficiehcy of Energy Utilization by Trophic Levels

Lindeman (1942) offered a relationship between

efficiency of energy utilization and trophic level, to
quote: > . ’
"Considering that predators are usually more
active than their herbivorous .prey, which are
in turn more active than the plants upon
which they feed, it is not surprising to

find that respiration with respect to growth
in producers (33 per cent), in primary
consumers (62 per cent) and in secondary
consumers ( > 100 per cent) increases
progressively. These differences probably
reflect a trophic principle of wide
application: the percentage loss of energy

- due to respiration is progressively greater
for higher levels in the food cycle."

'.5#f ‘;4‘ Modern'eco}égidalj%hééfy“vffer% another perspecti#e
, ffom which to view e%%&ciency of energy dtilization by trophic
leYels: any trophic level in which rméelected organisms
dominate production will have greater producfivity.coefficients
than will trophic levels which are dominated by K selected |

- organisms. For example,'the autotroph level when dominated '
by ﬁnicellular élgae, will have a larger coefficient than

when dominated by tropical rain forest trees. This relation-
ship shéuld hold regardlesé of the position of the trophic
level in the food chain, and tﬂereby conistitutes an |
important gqualification of Lindeman's (1942) trophic

principle that "the pércentage lnéf_gi;energy'due to
respiration 1s progressively greater for higher levels in

the. food cycle". For example, the decomposer level, being

-
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-

‘generally comprised of more r selected organisms théﬁ are
the 1mmed1ately preceedlng trophic levels, undoubtedly

exhlblts a larger product1v1ty coefficient than dowehe .‘
preceeding levels. The para51tlc 1evel will likewise have

~a larger coefficient than the preceeﬁin@ level.
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‘9.6 Efficienoy of Energy Utilization by Communities and

Ecosysféms

"ng the ratlonale I applled to trophic levels.

ities and ecosystems, those systems in which-

r selected organlsms predominate will also have higher

- product&on efflclenoles than do systems in whlch K selected
‘organisms predominate. Larcher (1975). presented information

’on mean annual energy fixed by gross primary production, and

net primary production for different plant communities, from

*which I calculated annual community productivity coefficients.

Listed in order of decreasing annual gross production, the
communities and their coefficients dre: tropical rain forests,
1.49; winter-deciduous forests, 2.84; scierophyllous‘woodland,
2.86; boreal coniferous forests, 2.85; tropical grassiand
5.00; temperate grassland 7.67; ocean coastal zones, 9.00;
Open ocean, 9.57; and semlldeserts, 7. OO These data show
a striking correlation between the incidence of r selected
plants and the size of the productivityvooefficient, with
the grass-dominated communities having much’h}éher coefficients
than the tree;dominated communf%ies, and the autotrophic
plankton-dominated communities in turn having still higher
coefficients.

A feature of the information on commundty production
presented by Larcher (1975) is that both efficiency of annual

radiation utilization via grass production, and amount of
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gross production, are inversely corre&ated wifkvthe ,
productivity‘coefficients of fhese'communities._.Acknowledging
fhat the first two‘parametefs are imporfant iﬁdicators‘of'
fhe performance‘of communities and ecosystems in enérgy.
utilization, my exposition establisheés the productiv}ty
coefficient“as another'pérépectivé f;om which to assess the
- performance of sugh systems. 'Cleariy, uhproductive and - )

inefficient systems from one point of view may be relative®y

productive and efficient from another point of view.
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> 9 7 EfflClency of Energy HIlllzatrbn and Seasonal

~

Success1on, Communlty Succe531on, and S

\

Community Evolutlon

‘In order to complete the framework wlthln which I
.w1sh to consider Arctic communities, I shalfkbnlefly cons1der(
ftemporal chanées”in efflclency of energy. utlllzatlon o
Communltles subJect to unstable and unpredlé%able;
cllmates are 11kely to be comprised of relatavely r selected
organisms (e g. Pianka, 1978) On the other hand communltles
'subJect to stable cllmates (1 e. Wthh céange llttle w1th
the seasons) .are probably comprlsed of,, relatlzely K selected
organisms. However,‘communltles subJect to temporally
fariaqfe but predlctable cllmates, probably have a: mlxture

of r and K selected organlsms, whlch show temporal succe831on.

In temperate zones, early spring blomass-is relatively low &

in the communlty as a whole, and there is llttle competltlon

nt

for llght water, etc. Later in the season blomass 1ncreases,

an8 competltlon increases as a consequence Gadgll and .
Solbrlg (1972) found that early spring is-a tlme when annual
plants are rtlatlvely r selected, and later in the seasgn they
become progress1vely more K selected. On thls ba51s, I |

suggest that "spring" communltles have relatlvely high |

-

productivity coefflclents, although efflclenc1es of radlatlon

utll;zatlon via gross production are probably relatively low.

»



)

276

‘‘‘‘‘‘

Conversely, "summer" communitles w1ll have. 1ower
product1v1ty coefflclents, and higher eff1c1en01es of
radiatlon utlllzatlon. . ' o S

-

Communlty succe551on has been con51dered in terms

.fﬂ of thermodynamlcs and r and K selectlontby Margalef (e. g.

- 1963) and Odum-(1969) "Immature" communltles are dlstlngulshed
from "mature" oommunltles by higher productivity coefflclents,
:;hlghér gross productlon to hlomass ratigs, hrgher net -
‘communlty product1v1t1es, 1ower total blomass, 31mp1er food o7
.*chalns, lower - prOportlons ofﬂanlmals o plants, and r
selection pressures. Thelr radlatlon utlllzatlon eff101enc1es '
v1a‘gross productlon are presumably also relatlvelyvlow
»"Imm@ture" communities therefore be&f’a relatlonshlb to
"mature" communltles resembllng‘the relatlohshlp ‘between
"sprlng" and "summer"\oommunltles, although the season-
spe01flc communltles ‘should span a smaller range of
product1V1ty ratlos and - efflclenc1es than ‘do the seral
stages. e S :

: A i . ., » -
: As communltles and ecosystems evolved through
geologlcal tlme, they probably underwent many of the changes
that communltles presently undergo durlng ecologlcal
ysucce551on.' lgexpect that eyolut;onarlhf"prumtrwﬂ .
-communities had most.of “the thermodynamic and selection
attributes by which Odum (1969)_Charabterized'early
succession oommunities,'uhile evolutlonarihr "advanced"

5
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communities have the same characters as Odumﬁsllate
succession communities (i.e. are synonymous) One
, poss1b1e primitive community may have con51s¢ed of an - %
autotroph level and a\decomposer level only, éach comprised

L

'only of’ micro organisms. Successive adaptive radiations
.bof 1ncrea81ng complex plants and animals added to o
‘community complexity, 1ncreased K selection”pnessures,
~and progressively shifted community thermodynamic
characteristics towards those of present‘climaxvcommunities;
Stated explicitly, the surprising conclusion_is'tnat |
. primitive communities, because they were dominated by r -
selected organisms, in many. ways' utilized energy more
efficiently than do modern communities. The latter have
advanced primarily in effiCiency of radiation utlll tion,
- via gross production and in amount of gross production )

(cf. Section 9.6).

N
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9.8 EfflClency of Energy Utlllzatlon by Arctlc Communltles
W I had expected to establlsh on arr1v1ng at this.
sectlon that the arctlc communltles L am ‘considering are

relatively efflclent in terms of their product1v1ty

"coeff1c1ents, ‘even though they are undoubtedly relatlvely

'inefflclent in thelr utlllzatlon of 1ncom1ng radlatlon

c ' -

(e.g, Bliss, 1977b). I expected relatively high community

;pfbductivity coefficients for two reasons. Firétly, the

"climax" communities in these arctic environments appear

. to varying degrees to be comprlsed of "early successional

seres. The climatically harsh and disrupting physioal
environment (e.g. frost‘heaving)‘presumably permits
continued exploitation By the relatively opportunistic
speciés of earlier successional seres (e.g. Emlen, 1973).

As I noted in Section>9.7,-"early" (of "immature")

" communities-are distinguished from mature communities. by

r selection pressures, and therefore by higher prioductivity

coeff1c1ents, hlgher gross productlon to biomass pratios,

higher net commun{t?*pr

simpler food chains, and low

uctivities, lower total piomass;
proportions of,animele.to
plants. Y
The second reason I expected high productiyity
coefficients in High Arctic chmunities was by analogy with

hot semi-deserts. Hot semi—desefts are evidently dominated
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by r selected organisms, and fit the éeneral crﬁéeﬁzé of
"early" communities, as‘evinced by tée productivity ‘
.coefficienﬁ'cf 7.00 (Larcher, 1975). Teﬁperature;differg%Ces
‘aeide, I assumed that hot and cold semiidegerts presenf very
similar problems to‘the.organisms liﬁinglia them., H0weVer,_
the few production data a&ailable.for Hiéh Arctic communities
tell a different and more'complex story. bLarcher ( op. cit.)
cited production ihformatidﬁ for tundra plant communitkes
from which I calculated a product1v1ty coeff1c1ent of 3.00.
BllSS (lg??b) provided s1mllar\1nformatlon for the hummocky
sedge moss meadow, and cushlon plant communltles (i.e. -
Polar Semi- desert), from whlch I calculated productivity

" coefficients of 1.09 and 1.10 respectively. These
coefficiehts are even lower chan that of_trOpical'rain
forests at 1.49;

&

~— Knowledge of the physiology of the dominant

plants, Dryas integrifolia and Carex stans, in these High

Arctic communities goes-a long way to explainihg their low

community proddc&ivity coefficients; Dryas integrifolia,

the dominant woody vascular plant in the cushion'plant
communities, is a slow growing, long—lived-plant (20-120

years) with low productivity.(Bliss, 1977a). Most of its

**-///\\hiomass (i.e. 62.5-71.&%) is above—gfound in its.shooKs.

However, the‘chlorophyll content of the green tissue is

very low, only abOut 18% of that of Carex stans on a unit

Y

1
e



1280 .

-

weight basis (the rates of photosynthesis per unit weight
of chlorophyll are interchangeable ‘between the two speCies
cf. Bliss, 1977b) I conclude that because of‘the surface
habit of "this plant, and 1ts locatI%n on relatively high,
exposed terrain (where it is subject to abra51on by wind-
driven ice,‘etc ) survival requires the development of .
tough protective non- photosynthetic tissue. Hence, it

" has a low chlorophyll content, - low prcductivity, and'lcng

' > . o /

life.

~

Carex stans superficiaily foilows a yery different
strategyt ‘It_lives_in a more sheltered and wetter
‘environment, and is both shorter—iiyed (5-7 years) abd more
productive‘on.a unit weight basis. Moreover, a very large

proportion of its productlon goes 1nto\below—ground tissue

(i.e. 90.0-92.9% - Bliss, l977b) Howe&er, like D. ”integrifolia,

C..stans clearly has a very high proportlon of respiring

but non- photosynthe5121ng tissue. \\\ *5,/'

In terms of their morphologif¢al a islogical

apparently exhibit only some eiements‘of,conv

strategy, I do nct believe that they should be ccnsidere
typical K'strategists), They have achieved this strategy
despite their small size relative to more conventional

K strategists (e.qg. large trees). Evidently low temperatures,
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in partlcular, make swift growth and reproductlon lmpractlcal,

*

B-Te! that extended surv1val of the 1nd1v1dual lS of paramount

concern. ~This 51tuatlon contrasts with that in hot semi-
deserts, where high temperatures permit rapid growth and
reproduction in response to the ‘short wet periods.

"Whether or not Dryas integri%olia and Carex

t

lso possess the conventional K strategy of superior

M»gltive ability is another matter. -The&'may he
competitively'superior to lower plants such as thetlichens
and bryophytes. HoWever, it isfalmost a.contradiction in
terms to suggest that competition is a major’factor within -
High Arctic communities. adsuspect that these two species

are probably competitively inferior in more temperate

environments that permlt a greater varlety of higher plants

to survive. It appears to me that D. 1ntegr1folla and.

YC. stans present examples of "K" selection in response to
phys1cal CODdlthﬂS, rather than to competltlve pressures.
If so, conventlonal theory, w1th 1ts r and K selectlon
pressures, together w1th their respectlve consequences,
does not account for organlsms such as these,‘and therefore
:needs to be expandedlaccordlngly.

In contrast with the autotroph level, the
heterotroph levels of these ngh Arctlc communltles aYe

dominated by relatively r selected‘organlsms, For example,

vertebrate herbivores and pregators'play a proportionately
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.much smaller role’ in these‘communities than they do in

many .other systems (BllSS,’l977b) This 1s particularly

true of the Polar desert Furthermore, Jlarge above—ground

invertebrate herbivores and predators are also relatively

unimportant (Ryan, 1977a). On the other hand, Bacteria,

Protozoa and the smaller SOll living metazoa such as the

Nematoda, Enchytraeidae and Collembola, may occur in

densities comparable withuthOse found‘inkmany more temperate_

communities. In contrast with plants, it'is"apparently \

more difficult’for K selected animais‘to,live‘permanently

.in High Arctic communitieS‘than it is for r‘selected animalsl
Because the heterotroph component of High

Arctic communities is dominated by relatively r selected‘

animals, this component ‘of the community should have a

very high productiVity coeffiCient, comtared with»both the‘

-autotroph 1evel and compared With the heterotroph comﬁonent

of other communities . This is not of courseﬂto claim that

the proportion of_energy passedvfrom autotrophs touheterotrophs

7 o .

is high.‘;Because r selected organisms are, by.definition,b

" not food limited the’proportioh of energy transfered is'i

likely to be very low. But this need not obscure the

llkelihood of high eff1c1ency of energy . utllization once

that energy reaches the gigh Arctic heterotroph level. '

Assuming<that7my suppositions are correct, High

Arctic communities present several anomalies in terms of

./} 3‘ ie;'. » . fy | Q. , h_ 0‘
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N S
Amodern ecological theory; 'FirStly,lthe'veéetat;vecogF;
ponent of these COQ§pn1t1es, although hav1ng the structural
~form of 1mmature" cllmax, 1n phy51ologlcal performance.
‘isfvery much more akln to cllmax vegetatlon. 'In oéher
words, the‘productivity‘coefflcients and.grossuprodudtion.
to biomaSSdratios are very low, as is to bé, expected of
climax vegetatioh.' However, totalvbiOmass is also very
low, whiohais not oharaoteristio of»climax VegetatiOn.
'FurthermOre; because the heterotroph coﬁpohent‘of these
»communltles is domlnated by r selected organlsms, the
‘Lcllmax vegetatlon is backed by uncharacterlstlcally low‘A

t

net community productivities (e g. 0.4—0.5% - Bllss,:

1977b), simple food chains, low pr0portlons of anlmals tol-‘aﬁ**

plants, ahderfSelection. In other words, the ‘High Arctlo
communlty presents a novel Juxtap051tlon of "K" and r |
L~

selectlon strategles that confouqded my“conventlonal
’expectafions;r . | |

.$% conolude this section’I wisH to comment upon
the stability, and. ability to\recover from~perturbations,‘
of Arctic commdnltles in light of my conclu51ons regardlng
the roles of r and K selectlon in these communltles. BllSS‘.
(1977b) observed that ngh Arctlc systems llke that of
Truelove Lowland appear gquite stable, and also qalte

re5111ant to severe natural perturbatlons. He also noted

-that .some biological components are able to respond rapidly

»
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to favorable climatic conditions.

Communities comprlsed of predomlnantly K se}ected
organlims probably have relatlvely hlgh resistance té
perturbations (i.e. are relatively "buffered"), but have

relatively llttle capa01ty to recover from such perturbations

A
oncéEEhey have occurred. For example, the climax plants
/"-

~of troplical rain forests, once removed are unlikely to

¥
re- establlsh themselves in the face of the changed phys1ca1

environment and competition encountered by  their seedlrngs.

.On the other hand, communities in which r selected organisms

. . L. & .
predominate are relatively well-equipped to recover from major’

perturbations, if oﬁly because théir constituent species

can build up their populations rapidly in favorable conditions.

) ' The "mixed" nature of some arctic communities

_means that simple characterization is not possible. On

. >
the onebhand, some of the dominant plants are relatively
"K" selected, and are fairly well buffered agains¥ physical
perturbations but, once removed, will not return quickly

(e.qg. particularly Dryas-‘integrifolia and lichens).

1 expect the domioant autotrophs: of these communities

to be inferior in resiliance to those say,‘of grasslands,
but superior to those of tropical raiﬁ forests. On the
other hand, the heunntnqﬂuc carmpanent of these arctic.

communities, berng domlnzted by relatlvely r selected micro-

organisms_ and invertebrates, are relatively, poorly buffered
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against perturbations, but compensate with very high
~resiliance.
I conclude that it is relatively easy to damage

‘jghe’autotrophic component of high arctic communities, but

relatively difficult to damage the heterctrophic component
(of course, the response of ﬁhe héterotrophs is affected
by that of thé autotrophs). I would reverse theseJ¢onclusions
,iégthé case of a subtropical grassland, in which K selected
mammals are an imporﬁgnt part of:the community.
‘ ‘

AN

~
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9.9 "What.is an Arctic Invertebrate?"

The physiological énd egological characteristics
of High Arctic invertebrétes in geﬁeral are poorly known.
Most of the relevant knowledge has been gained'from'the
study of the insecta, as is attested to by £he reviews of
wanes (1962,.1964, 1965), Oliver (1963, 1968), and MacLean
(1975). The pertinent attributes of the Nematoda that fit
tﬁem_for 1ife at ‘these latitudes are particularly poorly
known, which is an imporgent ovérsight in vie& éf their
great diversity, and thé overwhelming contribution these

animals make to energy flow through High Arctic invertebrate

faunas.

Perhaps the general guality that most contributes
to the success of nematodes in high latitudes is their low
lével of specialization, whicn permits them to occupy a»;
wide range of niches. Whether their nichesdaré defined'in
terms of the food resources exploited, reproductive
capability, or physiological tolerance, free-living soil
nematodes are impressive in their flexibility.

I documented the striking flexibility of some\
species of nematodes in the range of food they exploit in
Chapter 2.3.2.5. Kauri (1875) noted that there is a

o~
multitude of food resources even in the tundra (for birds),

but also observed that most of the resource "paékages" lie
beneath or near the threshold level and/or fluctuate, and

provide insufficient basis for specialization. Generalist

™
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nematodes derived from more temperate faunas are therefore
preadapted nutritionally’to exploit the resource situation
in High Arctic communities. At the same time, the High
Arctic resource situatioﬁ does not favour the evolution
of endemic "specialist" épegigs, nor the deﬁélqpment of

"generalist" species from low latitude specialists. y

trophic roles. This confounds the expectation that
pathways are more easily defined and qﬁantified in "simple"
“high latitude communitieé than theyfafe in'"complex" low
latitude communities dominated by specialists.

The advantages of fquibility in fitting pfganisms
for life in high latitudes is also demonstrated by the
natﬁre of nématode réproduction Although most Spec1es

\
of soil and plant nematodes are blsexual in many Spe01es,

including Ch?fggigcus sp. males are rare, and reproduction.
.is by parthenogenesis (alternatively, some species are
hefmaphroditic, and reprodﬁCe by automixig - Triantaphyllou,
1971). Yeates (1970b) noted that parthenogenesis (and
hermaphroditism) better fits these animals for colonizing o
new 1ocalltles than does.obligate blsexual reproductlon,
because only one reproductive 1nd1v1dual is requlred to

start a population. Partnenogene51s is also a superb
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attribute for exploiting low amounts of resource that are
highly dispersed (e.g. plants in Polar Desert communities).
In High Arctic communities resources (e.g. plantsf may be’

too dispersed to support populatiops of obligate sexually

reproducing species, which must maintain a minimum density

to permit the sexes to meet. The same‘resources however,
may support parthenogenic species which have no minimum
density restrictions (such speciés ﬁa? also be very difficult . -
to deteof!):

Nemétodes provide several gxamples of
environmentally controlled sexfexpressién (e.g. Tfiantaphyl}Ou,
1971). Low témperaturevhas been shown to increase the

-~

proportion of females in some species (e.g. gphelenchus

avenae - Dao, 1970). Spaull (1973b) has suggested that

such a mechanism is idportgnt in establishing nematodes in
cold regions. | |

C Parthenogenic (and hermaphroditic) reﬁroduétion
can lead‘to polyploidy - which may also aid life in high
latitudes. Schmalhausen (1966) suégested that the diploidym
of an organism is a general means of protection against the
disturbing effect of "noise". He suggests that the "noise -
resistance" of polyploids, Which are often found in .plants
living under the harsh climétic coﬁditions of mountains and

the Arctic (e.g. LBve and L8ve, 1975), is even higher.
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L8ve and Lévé ( op. cit.) stated that polyploidy (in plants)
affects dispersal‘and suhvival by increasing considerably
the adéptability of fhe of- the species to éll kinds of
extremé‘éﬁygss. Polyploidy has been shown to occur in
.neﬁafodeé (e.g. the Heterodera —'Triantaphyllou,‘l97l) and

v

may prove to be a factor %ptfﬁsir success in these extreme
environments. v.Vﬁ“

‘Spaull (19735} bresented evidence that indicates
unisexual nematode species~havé a.greatéf chance of
establishing themselves in new coldvloca‘ ‘ti'esi'than’ do-

bisexual species.. He found that on sub-

-

rcgic Signy

Island (60°43'S) males were rare or absent in ldss than
50% of the génera, whereas on Alamonde Island (68°43'S)
the proporfion was.approximately 75% . ‘

Members of other important invertebrate groups
in the High Arctic also exhibit parthenogenesis or
hermaphfoditism. For example, species ovaollembola

belonging to the genera Onychiurus (Rapoport and Aguirre,

1973), Tﬁllbergia and Isotoma (Petersen, 1971) exhibit

parthenogenesis, as do the Acarina (e.g. Grandjean,il941)
gnd-Chironomidae (Grodhaué, 1971; Lindeberg,Al97l). The

Enchytraeidae exhibit both pafthergenesis and polyp10idy \
(e.g. Christensen, 1961). “ | ’

Nematodes possess an important co-requisite for

fo
successful reproduction in the High Arctic, namely the
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q
ability to extend 1nd1v1dual life beyond one growing

season. A single growing season is usually too cold and

¢ short to permit most invertebrates to‘complete their

‘\
life cycles in one yej}. For similar reasons arctic

) “p
., %

plants are mostly perennlals, rather than annuals (e.g.

L8ve and L8ve, 1975).

{

As ganerally r selected orgahifms, High Arctic
todes and other invertebrates also exhibit»relatively
early reproduction; single reproduction, maﬁ?'small’off—‘
snring, and high maximal rate of increase, rmaxgiinsofar
as low temperatnres and dry conditions permit expression of
these qualitiestv |

As a negative consequence of r selection, High
Arctic invertebrates shonldvhaVe inferior interspecific
competitive abilities in re}atiVely "saturated" communities

(i.e. in more temperate environments).

Physiological attributes should include raised

~metabolic rates at low temperatures (which will be most

evident in endemic specieﬂ; regions of thermoneutrality

in the metabolic curves caorresponding to the commonly
¢

PR

enconntered environmental'temperatures; capacity for
"freezing resistance" or "freezing tolerance"'(e.g.~Asahina,
l969)§)sma11 size (and favourable surface—volume\ratios) in
order to avoid exposnre_and to best utilize favourabi};\

~

microclimates; and, as r selected organisms, high individual

4

S
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and populatlon productioﬁ and productivity coefficients.

Flnally, these animals should -have superlor
dispersal capabllltles which, however, ‘may be either
actlve or passive.

o— .

In view GT the overwhelming importance 1 have
established for nematodes in High Arctic communities, I
feel that the best answer to Downes' modified guestion -
"what is an Arctic Invertebrate?” - is not to be obtained‘
by applying‘to gﬁe g;oup as a whole. Insofar as any oﬁé
invertebrate group can do sO, the free—liviﬁg soil nematodes
embody those attributes necessary for invertebfate life

in High Arctic-regions. Therefore my answer to - "What is

an Arctic Invertebrate’" - is: - "It is an Arctic Nematode'!"

)



(S

LITERATURE CITED

abrams, P.A. 1977. Density—independént mortality and
interspecific competition: a test of Pianka's niche
- overlap hypothesis. Amer. Natur. 111: 539-552.

Addison, P.A. 1977a. Studies on evapotranspiration and
Xnyenergy budgets on Truelove Lowland. 281-300. 1In:
“~ Bliss, L.C. 1977.
.-
)Aqgison, J.A. 1977b. pPopulation dynamics and biology of
3. cCollembola on Truelove Lowland. 363-382. In:
Bliss, L.C. 1977. ‘

Aleksandrova, V.D. 1970. Vegetation and primary :

: productivity in the Soviet Subarctic. 93-114. 1In:
Fuller, W.A. and P.G. Kevan (eds.). Productivity
and Conservation in Northern Circumpolar Lands.
IUCN N. Ser. No. 16 Morges, switzerland. 344 pp--

Andréassy, I. 1976. Evolution as a basis for the
systemization of nematodes. Pitman, London. 288 pp.
andreev, V.N. 1966. Peculiarities of zonal distribution
’ of the aerial and underground phytomass on the East
. European Far North. Bot. Zhurn. 51: 1401-1411.

Andrewartha, H.G. and L.C. Birch. 1954. The Distribution

A ~,.and Abundance of Animals. University of Chicago
“ Press, Chicago. 782 pp.

Andrews, J.T. ' 1970. A geographical study of ‘postglacial
uplift, with particulagy reference to Arctic Canada.

Inst. Brit. Geogr., Spec. Pub. 2. 156 pp. <;f;:1

‘Asahina, E. 1969. Frost resistance in insects. Advy
Insect. Physiol. 6: 1-42. ‘

Atkinson, H.J. X976. The respiratory physiology of
nematodes. 243-272. 1In: Ccroll, N.A. (ed.).

The Organization of Nematodes. Academic Press,
London. 439 pp. '

Banage,!W.A. 1963. The ecological importance of free-
living soil nematodes with special reference to those
of moorland soil. J. Anim. Ecol. 32: 133-140.

Banage, W.A. and S.A. visser. .-1967. Micro—organisms and
nematodes from a virgin bush site in ¥ganda. 93-101.
__In: Graff, O. and J.E. Satchell (eds.). Progress
e ;;IE:Soil Biology. North-Holland, Ams;erdaml 656 pp.

or

292



293

'Barr, W. 1971. Postglacial isostatic movement in
northeastern Devon Island: a reappraisal. Arctic
24: 249-2€8., : :

Behan, V. 1973. (Unpubl. report). National report -
Ireland. IBP Tundra Biome, Microbiology,
Deconposition and Invertébrate Meeting. Fairbanks,

' Alaska.

Bertalanffy, L. von. 1957. Quantitative laws in
metabolism and growth. Quart. Rev. Biol. 32: 217-231.

Bertalanffy, L. von. 1960. Principles and Theory of
Growth. 137-259. In: Nowinski, W.W. (ed.).
Fundamental  Aspects of Normal and Malignant Growth.
Elsevier,gAmsterdam.lOZB PP- :

Berthet, P. 1964. L'activite des Oribates (Acari:
"Oribatei). Inst. Royal des Sciences Naturalles de
Belgique Memoire 152. 151 pp.

Beschel, R.E. 1970. The diversity of tundra vegetation.
85-92 (See Aleksandrova, 1970). -

‘Bierle, D.A. 1972. Production 4nd energetics of chironomid
5‘ . larvae in ponds of the arctic coastal tundra. 182-186.
' In: Bowen, S. (ed.). Proceedings 1972 Tundra Biome

Symposium. Hanover, New Hampshire. CRREL. 211 pp.

Birch, L.C. 1948, The intrinsic rate of natural increase,
. of an insect population. J. Anim. Ecol. 17: 15-24.

Bird, A.F. 1959.  Development of the root-knot nematodes

Meloidogyne javanica (Treub) and Meloidogyme hapla
Chitwood in tne tomato. Nematologica &4: 31-b2.

-Bird, A.F. 1971. The Structure of Nematodes. Academic
Press, New York. 318 pp. )

Bliss, L&£% 1975. Tundra grasslands, herblands aﬁéishrub—
lands and the role of herbivores. Geoscience and
Man 10: 51-79. ’

Bliss, L.C. 1977 (ed.). Truelove Lowland, Devon Island,
Canada: A High Arctic Ecosystem. Univ. Alberta
Press, Edmonton. 714 pp.



" . ' . 294

Bliss, L.C. 1977a. Introduction. 1-11. In: Bliss, L.C.
1977. ' S

Bliss, L.C. l9?7b. General Summary Trueiove Lowland
ecosystem. 657-675. In: Bliss, L.C. 1977.

Bliss, L.C. 1977c. Vacular plants of Truelove Lowland
and adjacent areas including their relative:
importance. 697-698. In: Bliss, L,CJ 1977.

Bliss, L.C., Kerik, J. and W. Peterson. 1977. Primary
production of pwarf Shrub Heath communities,
Truelove Lowland. 217-224. In: Bliss, L.C. 1977.

Booth, T. 1977. Muskox dung: its turnover rate and
possible role on Truelove Lowland. 531-545.- In:
Bliss, L.C. 1977.

Booth, T. and P. Widden. 1977. Fungi of Truelove Lowland.
691-692. In: Bliss, L.C. 1977. °
. ) .
Brown, R.J.E. 1977. Permafrost investigations on Truelove
Lowland. 15-26. 1In: Bliss, L.C. 1977.

Bréwn, W.L., Jr: 1954. Collembola féeding upon'nématodes.
¢ Ecology 35: 421. i :

Bunnell, F.L., MacLean, S.F. Jr. and J. Brown. 1975.

' Barrow, Alaska, U.S.A. 73-124. 1In: - Rosswall, T.
and O.W. Heal (eds.). Structure and Function of
Tundra Ecosystems. Ecol. Bull: 20. Swedish
Natural Science Research Council, Stockholm. 450 pp.

. ' ‘ -4 .
Bunt, J.S. 1954. The soil-inhabiting nematodes of
,_‘Macquarie Island. Aust. J. Zool. 2: 264-274.

Chernov, Iu. I. 1975. Geozoological characteristics of
the Region of Taimyr Biogeocenological Station.
39-53. In: International Tundra Biome Translation

12(4). 53 pp-

Chernov, Iu. I. 1975b. A review of the trophic. groups
of invertebrates in typical tundra subzone of | - -
Western Taimyr. 17-29. 1In: -International Tundra
Biome Translation 12(2). 53 pP.



o } __' - 295f

Chernov, Iu. I., Dorogostaiskaya, E.V., Gerasimenko, T.V.,
Ignatenko, I.V., Matveyeva, N.V., Parinkina, O.M.,

o Polozova, T.G., Romanova, E.N., .Schamurin, V.F.,

. ‘Smirnova, N.V., Stepanova, I.V.; Tomilin, B.A.,
Vinokurov,. A.A. and 0.V. Zalensky. 1975a. Tareva,
USSR. 159~ 181 . In: Rosswall, T. and O.W. Heal (eds.).
Structure and 'Function of. Tundra Ecosystems.

Ecol. Bull:. 20. Swed;sh Natural Science Research
Council, Stockholm.v 398 pp.

Chernov, Iu. I. Anan eva, S.E. and E P. Khajurova. 1975b.
Complex of the soil invertebrates in the spot- .
medallion tundra of western Taimyr. 1-15. 1In:
International Tundra Biome Translation 12(1). . 53 pp.

Chin, D.A. and D.P. ‘Taylor. 1970. Observationscnumolting
in species of Cylindrocorpus. Nematologica 16: 1-5.

Christensen, B. 1961. Studies on cyto- taxonomy and
' reproduction in the Enchytraeldae With notes on
parthenogenesis and polyploidy in the animal kingdom.
Hereditas 47: 387- -450. : :
Christiansen, F.B. and T.M. Fenchel. 1977. Theories of
Populations in Biological Communltles. Springer-—
Verlag, Berlin. 144 pp o

Chuang, S H.,'l962. The embryonic and poét embryonlc\
development of Rhabditi's teres (A. Schneider).
Nematologlca 7: 317-330.

. Cobb, N.A. 1921. Nematodes.collected by the Canadian

Arctic Expedltlon under S?efansson J. Paras;tol.
7: 195-196. '

Coleman, D.C. 1970. Nematodes in the litter and soil of-

El Verde Rain Forest. 103-104. 1In: Odum, H.T. (ed.).
A tropical rain forest. A study of irradiation and
ecology at El Verde, Puerto Rico. US Atomic’ Energy
Commission Kap. E—?. ' : ‘ S

Collins, N.J., Baker, J.H. and P.J. Tilbrook. 1.975.

Signy Island, maritime Antarctic. 345-374. In:

. Rosswall, T. and O.W. Heal (eds.). Structure and
Function of Tundra Ecosystems. ‘Ecol. Bull. 20. ‘
Swedish Natural Sc1ence Research Counc1l Stockholm.:
398 pp. 3 ‘ ' -

’ Connell,vJ.H. and E. Orias. - 1964. ' The. ecologlcal regulatlon

of"species,diversity,V Amer . Natur ‘P8 399 414



296

Cooper, A.F. and S.D.Ag;; Gundy. 1971. Senescence,
quiescence and cryptobiosis. 297-318.  In: :
7zuckermafiw B.M., Mai, W.F. and R.A. Rohde (eds.).
Plant Parzgitic Nematodes. Vol. II. Academic
Press, London.- 347 pp. g
- , .

Cooper, S.C. and J.H. Ferguson. 1973. . The effects of
cold acclimation upon’ oxygen consumption of free- L
living nematodes. J. Nematol. 5: 241-245. " o

- Cdurtin, G;M,Uénd C.L. Labine. . 1977. 'Microclimatoiogical'
studies on Truelove Lowland. 73-106. .In: Bliss,
L.C. 1977. o : : ‘
Cragg, J.B. 1961. Some aspects of the ecology:of moorland
‘animals. - J. ficol. 49: 477-506.

Crawford, C.S. 1979. Desert detritivores: a review of
‘life history patterns and trophic roles. J. Arid -
Environments,zz 31-42. S . :

Croll, N.A. °1970. The Behaviour of Nematodes: their
activity, senses. and responses. Edward Arnold,

* London. 117 pp. : AT '

Dao, F.D. 1970. Climatic influence on the distribution
pattern of plant parasitic and soil inhabiting
.nematodes. = Meded. Landbouwhogeschool Wageningen
~70~-2.>> 181 pp. ‘ ' "

Das, V.M. 1964. Hexatylus mulveyi n. sp. and Deladenus
. durus (Cobb, 1922) Thorne, 1941 (Nematoda: .

' Neotylenchidae) from the Canadian Arctic. Can. J.
Zool. 42: 649-653. ‘

A

De Bovée, F. 1975. La hematofauna‘deé vases autopolluées
des Iles Kerguelen (terres australes et antaractiques
frangaises).’ Cah. Bicl. mar. 16: 711-720.

.de Soyza, K. 1970. Energy relations in nematodes with
-particular reference to Aphelenchus dvenae Bastian,
1965 Ph. . D. Thesis, University of London. 125 pp.

de Soyza,‘K; 1973. fEnergetics of&éphélenchus avenae in
monoxenic culture. Proc. Helminthol. Soc., Wash.
¢ 40: 1-10. ' - S '

Deevey, E.S.,Jr{' 1947. Life tablesffor naturaiﬂ‘,7
populations of animals. Quart, Rev. Biol. 22:
2837314. : e ’

/



Vs

Department of the Navy HydrOgraphlc Office. | 1958 :
Oceonographlc Atlas of the Polar Seas, Part I1I, Arctic.
' H.O. Publ. No. 705. 149 pp. . .

DobZhansky, T. 1950. volution in the»tropics. Amer.
Sci. 38: 209-221. | - ‘
Domurat, K: 1970. Nematode communities occurring in

springvbarley crops.  Ekol. Pol. 18: 681-740.
. o

Doncaster, Cc.C. and D.J. Hooper. 1961. §Nematodes

-attacked by Protozoa and Tardigrades.
Nematologica 6: 333 335.
{

Dorf, E. - 1960. Climatic changes of the past and present

_Amer. Sci. 48: 341-364. ‘

. Downes; J.A. ©1962. What is an Arctic Insect? ‘Can.

“Ent. %4: 143-162.

Downes, J.A. -l§64‘ Arctic 1nsects and thelr env1ronment
Can. Ent. 96: 279- 307. s

- Downes, J.A. 1965. Adaptat10ns<yf1nsects 1n the arctic.

Arnn.- Rev. Ent "10: 257-274.

Dropkln,.v H. 1966. Phy51ology of nematodes of the 5011
Ann N.Y. Acad. Sci. 139: 39 -52.

Duddington, C.L; 1955 'angi thatlattack microscopic
" animals. . Bot. Rev. 21: 379~-439.

Duncan, A. and'R;Z} Klekowski. ,1975. Parameters of an
energy budget. 97-147. In: Grod21nsk1, W.,
Klekowski, R.Z. and A. Duncan (eds.). Methods for

Ecological Bioenergetics. Blackwell, Oxford. 367 pp.

Dunican, L.K. and T. Rosswall. 1974. Taxonomy and
physio of tundra bacteria in relation to site
charagdteristics. 79-92. 1In: Holding, A.J., Heal,
O.W., MacLean S.F. Jr.. and P.W. Flanagan. Soil
Organlsms and Decomposition in Tundra. IBP Tundra
Biome Steerlng Committee, Stockholm. 398 pp.@

Edriey, E.B. Franco, P.J. and J.F. McBrayer. 1976
Abundance and dlstrlbutlon of soil mlcroarthropods
in Rock Valley, Nevada. U.S./IBP Desert Biome
Research Memorandum 76-24, Utah State University,
Logan. 17 pp. : ‘

-




Emlen, J.M. 1973. Ecology: An Evolutionary Approach.
Addison-Wesley, Massachusetts. 493 pp.

Engelmann. M.D. 1966. Energetics, terrestrial field
’ studies and animal productivity. Adv. Ecol. Res.
3: 73-115. :

Epps, J.M. 1971. Recovery of soybean cyst nematodes
(Heterodera glucines) from the digestive tract of
black-birds. J. Nematol. 3: 417-419. K

298

Evans A.A.F. 1970. Mass culture of mycophagous nematodes.

J. Nematol. 2: 99-100.

Evans, A.A.F. and R.N. Perry. 1976. survival strategies
in nematodes. 383-424. In: Croll, N.A. (ed.) .
The Organization of Nematodes. Academic Press,
London. 439 pp. '

Fabens, A.J. 1965. Properties and fitting of the
von Bertalanffy growth curve. Growth 29: 265-289.
L4 .

Fenchel, T.M. 1974.“@Intrinsic‘rate of natural increase:
the relationship with body size. Oecologia (Berl.)
14: 317-326.

Fischer, A.G. 1960. Latitudinal variations in organic
diversity. Evolution 14: 64-81. :

Fisher, J.M. 1968. Fecundity of Aphelenchus avenae
B Bastian. Aust. J. Biol. Sci. 21: 169-171.

h—d

Fisher, J.M. 1970. Growth and development of Aphelenchus

avenae Bastian. Aust. J. Biol. Sci. 23: 411-419.

Gadgil, M. and O.T. Solbrig. 1972. The concept of r- and
K-selection: evidence from wild flowers and some
theoretical considerations. Amer. Natur. 106: 14-31.

Gerlach. S.A. and M. Schrage. 1971. Life cycles in
marine meiobenthos. Experiments at various .
temperatures with Monhystera disjuncta and Theristus
pertenuis (Nematoda) . Mar. Biol. 9: 274-280.

Gerlach. S.A. and M. Schrage. 1972. Life cycles at low
temperatures in some free-living marine nematodes.’
Ver®ff. Inst. Meeresforsch. Bremerh. 14: 5-11.

Goodey, T. and J.B. Goodey. 1963. Soil and Freshwater
Nematodes. Methuen, Londen. 544 pp.

2



299

Gowen, S.R. .1970. Observations on the fecundity and
longevity of Tylenchus emarginatus on sitka spruce

seedlings at different temperatures. Nematologica
16: 267-272.

Grandjean, FT 1941 Statistique sexuelle et
' parthénogenese chez les Oribates. Compt. Rend.
212: 463-467. \
|
Gregg, J.H. and F.A. Lintg. 1967. A constant-volume
_respirometer for Drosophila imagos. Compt. Rend.
des Trav. du Lab. Carlsberg 36: 25-34.

Grodhaus, G. 1971. Sporadic parthenogenesis in three

species of Chironomus (Diptera). Can. Ent. 103:
338-340.

Grodzinski, W., Klekowski, R.Z. and A. Duncan. 1975.
Methods for Ecological Bioenergetics. = IMP Handbook
No. 24. Blackwell, London. 367_pp

Grootaert, P. and D. Maertens. 1976."Cultivation and
life cycle of Monochus aquaticus. Nematologica
22: 173-181. - '

Gysels, H. 1964. Influence of temperatﬁre upon the
allometric growth of Panagrellus silusiae.
Nematologica 10: 75-76.

. e~
Hggvar, S. and E. @gstbye. 1974. Oxygen consﬁﬁptloﬁ
caloric values, water and ash content of some *
dominant terrestrial arthropods from alpine
habitats at Finse, South Norway. Norsk ent.
. Tidsskr. 21: 117-126.

Harper, J.L. 1969. The role of predation in vegetational
diversity. Brookhaven Symp. Biol. 22: 48-62.

Harper, J.L., Lovell, P.H. and K.G. Moore. 1970.-+ The-
‘shapes and sizes of seeds. Ann. Rev. Ecol. Syst.~
1l: 3274256.

Heal, O.W., Bailey, A. and P.M. Latter. 1967. Bacteria,
fungi and protozoa| in\Signy Island soils companed

itN those from a temperate moorland. Phil. Trans.
R. Sobc. B 252, No. 91-197.
;Help,” C. .1977. On the evdlutlon of reproductive potentials

in a brackish water .meiobenthic communlty
Mlcrofauna Meeresboden 61: 105 112 :



300

\

Heip, C. and W. Decraemer. 1974. The diversity of-fhematode
communities in the southern North Sea. J. Mar. biol.
‘Ass. U.K. 54: 251-255.

Heip, C., Smol, N. and V. Absillis. 1978. Influence

C of temperature on the reproductive potential of
Oncholaimus oxyuris (Nematoda: Oncholaimidae).
Mar. Biol. 45: 255-260. . S

» v :{”).

Hemmingsen,~£TM. 1960. Energy metabolism as related to
body size and respiratory surfaces, and its evolution.
Rep. Steno Hosp., Copenh. 9: 1-110. '

Hirshfield, M.F. and D.W. Tinkle. 1975. Natural selection
and the evolution of reproductive effort. Proc. Nat.
Acad. Sci. USA 72: 2227-2231. ’

Hochachka, P.W. and G.N. Somero. 1973. Strategies of
Biochemical Adaptatlon Saunders, Philadelphia.
358 pp.

Hoffmann, R.S. and R.D. Taber. 1967. Origin and history
of holarctic tundra ecosystems, with special
reference to their vertebrate fuanas. 143-170.

In: Osburn, W.H. and H.E. Wright Jr. (eds.). Ry
Arctic and Alpine Environments. 1Ind. Univ. Press,
Bloomington. ‘ :
Hofsvang, T. 1972. Tipula excisa Schum. (Diptera:
ipulidae), life cycle and population dynamics.
orsk. ent. Tidsskr. 19: 43-48.
Hofsvang, T. 1973. Energy flow in Tipula excisa Schum.

(Diptera: Tipulldae) in a hlgh mountaih area, Flnse,
South Norway. Norw.'J. Zool 21 7 16 ‘ o
"~ ‘Holeton, -G.F. -1974. Metabolic cold adaptation of»pblér )
' 7, fish: fact -or artifact? .Physiol. Zool. 47: 137-152.

Hollis, J.P.  1957.- Cultural studies .with Dorylaimus . . . .
ettersbergensis. Phytopathology 47: 468-473.

Hopkins, D.M. 1974; Seﬁiﬁaf;dn thgpaieogeogpaphy énd »
~climatic history of Beringia. 1In: Ryan, J.K. 1977c.

Janetschek, H. 1970. Environments and Ecology of
terrestrial arthropodsin the high Antarctic. 871-896.
In: Holdgate, M.W. (ed.). Antarctic Ecology, Vol.
2. Academic Press, London. 607-998 pp.

S



301

-

Jantunen, R. 1964. Moulting of Caenorhabditis briggsae
(Rhabditidae). Nematologica 10: 419-424.

Jenkins, W.R. and D.P. Taylor. 1967. Plant Nematology.
Reinhold Publ. Corp., New York. 270 pp

Johnson, A.W., Viereck, L.A., Johnson, R.E. and H. Melchior.
1966, Vegetation and flora. 277-354. In: Wolfe, J.E.
and N.J. Wilimovsky (eds.). Environment of the Cape
Thompson Region, Alaska. U.S. Atomic Energy
Commission, Washington. 1250 pp.

Johnson, S.R., Ferris, J.M. and V.R. Ferris. 1973.
Nematode community structure in forest woodlots: .
JI. Ordination of nematode communltles J. Nematol.

5: 95-107.

Johnson, S.R., Ferris, J.M. and V.R. Ferris. ' 1974.
Nematode community structure of forest wood¥ots:

ITI. Ordination of. taxonomlc groups and biomass.
J. Nematol. 6: 118-126,

Kauri; H. 1975. Area size and niche breadth at higher
‘latitudes. 8-18. In: Wielgolaski, F.E. (ed. %
Fennoscandian Tundra Ecdsystems. Part 2 Animalg and
Systems Analysis. Springer-verlag, Berlin. 337 pp.

Keister, M. and J. Buck.  1973. Respiration: some
exogenous and endogenous effects on rate of
respiration. 469-509. In: Rockstein, M. (ed.). .
The Physiology.of. Insecta. Vol VI ' Academlc Press,
New York. E& pp . _ S .

Kevan P.G.-and J.D. Shorthouse. - 1970. Behav1oUral

© © “thérmoregulation by high arctic butterflies.

Arctic 23: 268- 279 :

“King; R H 1969, Periglaciation on Devon Island N. W T
- .Ph. D. Thesis, Univ. S4skatchewan, Saskatoon 470 pp.

Kltazawa, Y. 1967. Community.metabolism of soil
invertebrates in forest ecosystems of Japan. 645-661.
In: Petrusewicz, K. (ed.). Secondary productivity

of forestrial ecosystems. Polish Academy of . .
801ences,.Warsaw R T ‘



¥ - . 302

“Kitazawa, Y. 1971." Biological regionality of the soil
fauna and its function in forest ecosystem types.
485-498, In: Productivity of forest ecosystems.
Proc. Brussel Symp., 1969 (Ecology and Conservation,
4.). UNESCO 1971. '

Klekowski, R.Z., Wasilewska, L. and E. Paplinska. 1972.
Oxygen consumption by soil-inhabiting nematodes.
Nematologica 18: 391-403.

K2ekowski, R;Z., Wasilewska, L. and E. Paplinska. - 1974,
Oxygen consumption in the developmental stages of
Panagrolaimus rigidus. Nematologica 20: 61-68.

Klopfer, P.H. 1959, Environmental determinants of faunal
diversity. Amer. Natur. 93: 337-342,

Kormondy, E.J. 1969. Concepts of Ecology. Prentice-
Hall, New Jersey._ 209 pp.

Kozlovsky, D.G. 1968. Alcritical evaluation of the trophic
level concept: 1. Ecological Efficiencies. _Ecology
49: Z4‘8"60 . o . .

Krnjaic, P.J. and S. Krnjaic. 1970. Distribution of
nematodes by wind. Abstr. 10th Int. Symp. Nematol.,
a: 88, . - ,

Pesc

Krogh, AT 1907, ‘The Comparative Physiology of Respiratory
.. .. -Mechanis s. Dover_Publ., New York. . 172 pp.

Krupicka{:Jv. 1977«m Bedrock geology of the Truelove
' -~ River area. 63-72. ~In: " Bliss, L.Cc. 1977.

* " Kuzmih, L.L. 1973. The fauna of free-living Nematoda
- of Western Taimyr. 139-147. In: Biogeocenosis
of Taimyr Tundra and their Productivity. Soviet
‘National Committee for IBP Nauka, Leningrad
(abstract). * 206 Pp. ’

Lagerl8f, J. Magnusson, C. and T. Rosswall. 1975,
" Investigation of nematodes at the Stordalen site.
International Biological Programme - Swedish Tundra
Biome Project Techn. Report No. 18. 32 Pp.



. Laird, A.K., Tyler, S. A and A.D. Barton. 1965. Dynamics
of normal growth. Growth 29: 233-248,

Larcher, W. 1975. PhYsiological Plant Ecology. Springer-
verlag, Berlin. 252 pp.

Lasenby, D.C. and R.R. Larigford. 1972. Growth, life
history and respiration of Mysis relicta 'in an arctic
and temperate lake. J. Fish Res. Bd. Canada 29:
1701-1708.

Lee, D.L. 1965.° The Physiology of Nematodes. Oliver &
Boyd, Edinburgh. ' 154 pp.

Lees, E. 1953. An investigation into the method of
_ dispersal of Panagrellus silusiae, with particular
reference to its dessiccation resistance. J.
Helminth. 27: 95-103.

Li, J.C.R. 1964. Statistical Inference. Edward Brothers
Co., Ann Arbor, Michigan. 658 pp.

Lindeberg, B. 1971. Parthenogenic strains and unbalanced
sex ratios in Tanytggsini (Diptera, Chironomidae).
Ann., Zool., Fennici 8: 310-317.

Lindeman, R.L. 1942. The trophic-dynamic aspect of
ecology. Ecology 23: 399-418.

Llano, G.A. 1965. The flora of Antarctica. 331-350.
In:" Hatherton, T. (ed.). Antarctica, A New Zealand
Antarctic Society Survey. 'Methuen, London.

Loof, P.A.A. . 1971. Free living and plant paras1t1c
nematodes from Spitzbergen, collected by Mr. H. van
: Rgssen. Meded. Landhouwhogeschool Wageningen 71-7:
86 pp.

LBVe, A. and D. Lbve. 1975. Cryptophytes, poiyploidy and
continental drift. Phytocoenologia 2: 54-65.

MacArthur, R.H. and J.W. MacArthur. 1961. On bird
species diversity. Ecology 42: 594-598. ’

MacArthur, R.H. and R. Levins. 1967. The limiting similarity,
‘convergence and divergence of coexisting species.
Amer Natur. 101: 377 385. P

’



304

MacArthur, R.H. and E.O. Wilson. l9gY The Theory of
Island Biogeography. Monographs in Population
Biology. No. 1. Princeton Univ. ‘Press, Princeton.
203 pp. . ; ' L

Mackenzie Lamb. I. 1970. Antarctic terrestrial plants
and their ecology. 733-751. 1In: Holdgate, M.W.
(ed.). Antarctic Ecology, Vol. 2. Academic Press,
London.  pp. 607-998.

-~

MacLean, S.F., Jr. 1974. Primary production, decomposition,
and the activity of soil invertebrates in tundra ,
ecosystems: a hypothesis. 197-206. 1In: Holding, A.J.,
Heal, O.W., MacLean, S.F, Jr. and P.W. Flanagan (eds.).
Soil Organisms and Decomposition in Tundra. IBP
Tundra Biome Steering Conf¥ittee, Stockholm. 398 pp.

MacLean, S.F. Jr. 1975. Ecological Adaptations of Tundra
Invertebrates. 269-300. 1In: Vernberg, F.J. (ed.)
1975. Physioclogical Adaptation to the Environment.
Intext Educational Publ., New York. 576 pp.

Maggenti, A.R. 1961. Morphology and Biology of the
vgenus Plectus (Nematoda: Plectidae). Proc. Helm.
So¢. Wash. 28: 118-130.

Marchant, R. and W. L. Nicholas.. 1974. An énergy budget
for the free-living nematode Pelodera (Rhabdltldae)
Oecologia 16: 237-252.

Margalef, R. 1958. Mode of evolution of species in
relation to their places in ecological succession.
XV Intern. Congr. Zool., {(London) Sect. X, paper.l7.

Margalef, R. 1963. On certain unifying principles in
ecology. Amer. Natur. 97: 357-374.

Matthews, J.V. Jr. 1978. Tertiary and guanternary
environments: historical background for an analysis
of the Canadian insect fauna. 31-86. 1In: Danks,
H.V. (ed.). ‘Canada and Its Insect Fauna, Memoirs
of the Entomological Society of Canada - No. 108.
Tyrell Press Ltd., Ottawa 573 PP-

May, R.M. 1974. On the theory of niche overlap ‘Theoret. '
Pop B101 5* 297 332 "ﬁ‘UT@.WAJAf. “; o -

'May, R.M. and R.H. MacAfthur. " 1972 Nlche overlap as’ a‘
- . -function.of env1ronmental varlablllty. Prog,iNat_
Acad Sc1.“ 1109 1113 o T

R



305

Meagher, J.W. 1967.' Observations on the transport of
-_nematodes in subsoil drainage and lrrlgatlon water.i.”
Aust J . Exp Agric. Anlm Husbandry 7 577-579.
McNelll, S. and J H. Lawton. - 1970, Annual productlon
. and- resplratlon in anlmal populatlons . Nature-
“(Lond. ) 225 472~ 474.4 ) -

.‘Mlanowska E. 1976. Research on .the biology and ecology
of Panagrolalmus rigidus (Schneider) Thorne. V. o
Effect of temperature on fecundity and development.
Ekol. pol. 24“2\3 279.

"Muc,.M.‘ 1977. Ecolog& and prlmary production’ of - sedge-“~—:
" moss Meadow comminities, - TTuelove Lowland 15701842,
.In: 6BllSS, L C._ 1977 Lo ‘ ' ‘
Muc, M.'and L.C. BllSS -197?:' Plant commdﬁiﬁiesfof'
Truelove Lowland. 143-154. 1In: ¢Bliss, L.C. 13977,

Mulvey, R.H. 1963. Some soil- 1nhab1tihg, freshwater and .
plant parasitic nematodes from the Canadian Arctic
and Alaska. Arctic 16: 202-204.

Mulvey, R.H. 1969. Nehatodes of the Family Neotylenchidae

g (Tylenchida: Nematoda) from the Canadian High Arctic.
Can. J. Zool. 47: 1261 1268.

Al

Mulvey, R.H. 19569. Soxl inhabiting nematodes of the Orders
Araeolaimida, Chromadorlda, Enoplida and Monhysterida
from the Canadian High Arctic. Can. J. Zool. 47:
365-382.

Mulvey, R.H. 1969. Nematodes of the genus Tylenchorhynchus
(Tylenchoidea: Nematoda) from the Canadian High Arctic
’Can. J. Zool. 47:.1245-1248. '

Murphy. P.W. and C.C. Doncas%er. 1957. A culture method
for soil meiofauna and its application to the study
of nematode predators. Nematologica 11l: 202-214.

Nicholas, W.L. 1962. A study'of a species o¥ Acrobeloides
(Cephalobidae) in laboratory.cultupe.l Nematologica

w el n“ .

.:::NiCholas, W L‘J 1975. The Blology of Free llVlng Nematodes ff;\

-«Clarendon Press, Oxford 219 .pp.
1elsen,zc 0. 1948.“ Studles 6n fhe Soil mictrofauna. I}
.... The. moss’ 1nhab1t1ng nematodes .and, rotlfers : Publ
o Soc. Sc. Lettr. 4’ Aarhus. Ser 'sc. Nat l 1 98



306

Nielsen, C.0. 1949. Studies on the soil microfauna.
: II. The soil 1nhab1t1ng nematodes. .Natura
Jutl. 2: 1-132,

Nielsen, C.0. 1961. Reeplratory metabolism of some
' populations of enchytraeid worms and. free 11v1ng
nematodes. Oikos 1lz: 17- 35 '

Odum, E.P. 1969. The strategy of ecosyStem development
Science 164: 262~ 269

Oliver, D.R. 1963, Entomologlcal studies in the Lake’  °
Hazen area, Ellesmere Island, including lists of
species of Arachnida, Collembola and Insecta.

Arctic 16: 175 130~

'f011ver, D R.~ 1968 Adaptatlons of arctic Chlronomldae
e R Ann Zool Fenn 5: lll 118.

Oostenbrink. M. 1957. Der Transport von' Pratylenichus
: Benetrans (Nematoda) met Pflazengut. <£Z. PflbPath.
' chutz 64: 484- 490 : S -

~Oostenbrink, M. 1966. Major characteristics of the
. relatlon between nematodés and plants. Meded. “
Landbouwhogeschool Wageningen 66-4. 46 pp.

Ofr, C.C. and 0.H. Newton. 1971. Dlstrlbutlon of nematodes
by wind. Pl. Dis. Rept. 55: 61- -63. R

Ott, J. and F. Schiemer. 1973. Resplratlon and
anaerobiosis of free living nematodes from marine
and limnic sediments. Netherlands J. Sea Res.

7: 233-243.

Paine, R.T. 1966. Food web complexity and species
diversity. Amer. Natur. 100: 65-76.

Paramonov, A.A. 1962. Plant-parasitic Nematbdes. Vol. I.
Skrjabin, K. (ed.). 390 pp. Transl. from Russ. by
Israel Program for Sci. Transl. Monson, Jerusalem. 1968,

Parinkina, O0.M. 1974. Bacterial production in tundra

‘ - soils: 65-77. In: Holding, A.J .,~Heal, O.W., . »
. ‘MacLean,. JR., S.F. and"P.W. Flansggap. Soil .
Organlsms and Decomp031tlon in Tund IBP Tundra
Blome Steerlng Comm1ttee~ Stockholmf 3981pp



307

N

Pattee, E., Lascombe, C. and R. Delolme. 1973. Effeéts
' of temperature on the distribution of turbellariun
triclads. 201—207 In: Wieser, W. 1973.

»Patten, B C. 1975. Ecosystem 11nearlzatlon and evolutlonary
: de51gn problem. Amer. Natur. 109 529 539

Petersen,  H. 1971. Parthenogene51s in two common species
of Collembola: Tullbergia krausbaueri (B8rner) and-
Isotoma notabllls bcnéieer. Rev. Ecol. Biol. Sol..

P

_Petrusew1cz, K. and A. Macfadyen._.1970. Prodﬁctlvity of
Terrestrlal Animals: Principles and Methods
Blackwell Oxford.; 190 Pp. -

Phillipson, J., Abel, R., Steel J. and S. R J. Woodell
1977. 'Nematode numbers, blomass and respiratory
metabolism .in a Beech Woodland - Wytham: Woods,
Oxford. Oecologia (Berl.) 27: 141-155.

Pianka, E.R. ~1966.. Latitudinal gradients in species
© diversity: a review of concepts. Amer. Natur.
100: 33-46.

Pianka, E.R. 1978 (2nd Edit.). Evolutionary Ecology.
Harper and Row, New York. 397 pp;!r

Planka E R -and W.S. Parker. -1975. -Age- spe01f1c reproductlveh
tactics.  ‘Amer. Natur.AlO9 453 4 4 L. . -

Pillai, J.K. and D.P. Taylor. 1967. Effect of temperature"
on the time required for hatching and duration of

life cycle of five mycophagous nematodes. Nematologica
13: 512-516. *

Poinar, Jr. G.0. 1975. Entomogenous Nematodes. | A Manual
and Host List of Insect-Nematode Asseciations.
E.J. Brill, Leiden. 317 pp.

Pojunin, N. 1948. Botany of the Canadian Eastern Arctic.
Part III. Vegetation and Ecology. National Museum
of Canada. Bull. 104. Ottawa. .304 pp.

Polunin, N.. 1951. The real Arctic, suggestions for its
. delimitation, subdivision and characterlzatlon
J. Ecol. 39: 508-315.



A | 308

lluPopov1c1, I., 1972 Studles on the blology and populatlon
' development. of Cephalobus persegnis {(Nematoda,
Cephalobidae) in- agar culture.- Pedobiologia 12:
123~ 127 g _ . T - : e

Popov1c1, I. 1973 ‘The influence of temperature and of
N nutrient medlum on .populations of Cephalobus
nanus (Nematoda, Cephalobldae) Pedobiologia 13:.
LOI-T09.

P0r51ld' A.E. 1955. The vascular:plants of the western
Canadlan Arctic Archlpelago. Nate Mus Can. Bull.
No. 135 - ' o

.'_Procter, D.L.C. 1977a. Nematode densities and productlon
on Truelove Lowland 347 361 : In BllSS, L C 1977.

Procter, D L. C 1977b. Invertebrate resplratlon on
Truelove Lowland 383~-393. 1In: Bliss, L.C. 1977

Pye, V;l l973 | Acute temperature ohange and the oxidation

’ rates of ectotherm mitochondria. 83-95. In:

- Wieser; W. -1973. ' _ '

Rapoport, E.H. and Y. Aguirre. 1973. Population analysis
of Onychiurus yolande, a parthenogenetic collembolan
insect with notes on possible prey tactlcs Rev.
Ecol. Biol. Sol. 10: 341-358.

- .Randolph, P.A., Randolph, ‘J.C. and C A ‘Barlow. 1975

Age-specific. ener%etlcs 0f the pea aphld Acyrth081phon
ngum : Ecology 5 359 569 -

| Rlchardson, D.H. S and E.J. Flnegan 'wl977}“ Studies on -
‘the lichens. of Truelove Lowland. 245—262. lg:
Bliss, L.C. 1977.

Richman, S. _ 1972. The transformatlon of energy by Dap ia
E&lex. Oikos 23: 359- 565

-Ricklefs, R.E. 1967. A graphlcal method of flttlng
equations to growth curves. Ecology 48: 978- 983

Rlcklefs, R.E. 1368. Patterns of growth in birds.
S Ibls llO 419 451 :



309

'Ricklefs, R.E. 1969. Natural Selectlon and the Development
. of Mortality Rates 1n young blrds., Nature 223 ‘ -
922-925.

Ricklefs, R E. 1973 Patterns of growth in birds., II.
- Growth rate and mode of development Ibis 115:
177-201.
'Rodriguez, J.G., Wade, C.F. and C.N. Wells. 1962
.. Nematodes as a-natural food for Macrocheles - Ce
muscadomesticae (Acarina: Macrochelloae), a predator
of the house fly egg. Amn. ent. Soe. Am. 55:
507-511. ' ’

Roff, J. C. 1973. Oxygen consumption of Limnocalanus

. ~vrmacrurus Sars (Calanoida, Copepoda) in relation to
environmental cond;tlons. Can. J. Zocol. 51:
877-885.

Rogers, W.P. i 1962 The Nature of Para51tlsm The Relatlon—
.8hip of some Metazoan Parasites to their Hosts.
-Academic Press, New York 287 PP.’

: Rosswall T. and O.W. Heal" (eds ). 1975. .Structure and
R Functlon of Tundra Ecosystems. ‘Ecol. Bull, 20: .

- 000+000. " Swedish Natural Sclence Research Counc1l
Stockholm 450 pp. ,

Roughgarden J.. 1974, ‘Species packlng and- the competltlon'
- ‘ “functlon with illustrations from coral’ reef flSh
 Theoret.: ‘Pop,. Biol.. 5: 163 136. S

- Ryan,'J.K,a_l977a Synthe51s of energy’ floWs and -

"population dynamlcs of Truelove Lowland 1nvertebrates.,_-

325-346. " In Bllss, L.C. 1977,.,.,._‘ : E

Ryan, J.K. 1977b. iInvertebrates of Truelove Lowland.
v 699-703. In: B&lss, L.C. 1977

Ryan, J.K. 1977c. Energy flow through Arctic Invertebrates.
Ph. D. Thesis. Unlver51ty of Alberta. - p 239 :

“Ryan, J.K. 1979. Comparlson of 1nvertebrate spe01es ‘lists
- from IBP tundra sites. In: Cragg, J.B. and J.J. Moore

(eds. ). Tundra: Comparatlve Analysis of Ecosystems

.Cambridge ‘Univ. Press, Cambridge. (In press)



hy

. | - 310

SaVile; D. B-O.‘ 1964, : General ecology and vascular piants'
of the Hazen Camp area. Arctic 17:237-258.

' \Sav1le, D.B. 0. ‘1972, Arctlc ‘adaptations in plants.

Canadian Department of Agriculture Monograph No. 6.
- 8l pp. ,

Sayre, RJL. 1969.- A”me:hod&fdr'cultdring'a predaceous

Taryigrade in the. atode ‘Panagrellus redivivus. -
Trafnis. Am. mlcrosc. Soc. 88:?266f274. -

Schiemer, - F and A. Duncan. 1974, The oxygen consumption
of a freshwater benthic nematode, Tobrilus gracilis
(Bastian). Oecologia (Berl.) 15: I2I-lZo.

T

Schmalhausen, I.I. 1960. Evolution and Cybernetlcs.
Evolutlon 14: 509 524,

-Scholander, P.F., Flagg, W., Walters, V. and L. Irv1ng.

1953%. -Climatic adaptation in arctic and troploal
p01kllotherms Phy51ol Zool 26 67 92

e--Sharma, R.D, 1968 Host. sultablllty of a. number of. plants

for the nematode Tylenchorhynchus dubius. Neth.
J. Pl. Path_ 54% 97-100.

-Tf81mpson, G G 196&" SPECles density. of.North- Amerlcan

recent mammals. Syst Zool 13 57 73

A ,Sohlenlus,vB. 1966 Studler gver blologln hos en

mlkrobétande markenematodart Zool Revy 28:
CB51=60, 0 v e e L -

'iSohlenlus, B. 1968_ Influence of microorganisms‘andf

temperature upon some Rhabditid Nematodes
Pedobiologia g: 137-145,

: o ‘ ‘ ‘
Sohlenius, B. 1973a. Growth and reproduction of a

nematode Acrobe101des Sp cultlvated on agar. -Oikos
24 64 72. - ‘

Sohlenius, B}_ 1973b Growth, reproduction and
population dyhamics in some ‘bacterial feeding
nematodes. . University of Stockholm, Sweden. lo_pp,_"

Sokal, R. R.. and F.J. Rohlf. 1969. Biometry. Freeman,
.‘San,Franolsco. 776 1900 S



311
.

 Southey, J.F. (ed.Y. 1970. . Laboratory Methods for
- Work with Plant and Soil Nematodes. Ministry of
Agriculture, Fisheries and Food, Tech. Bull. 2.

Southwood, T.R.E. 1976. Bionomic Strategies and
Population Parameters. 26-43, In May, R.M. (ed.).
Theoretital Ecology Principles and Applications.
Blackwell Scientific Publications, Oxford.a‘317 pp.

Spaull, V.W. 1973 a. Qualitative and quantitative.
distribution of soil nematodes of Signy Island, |
-South Orkney Island. Br. Antarct. Surv. Bull, 33
& 3b4: 177-184. : o v

Spaull, V.W. 1973 b. Distribution of soil nematodes in
the Maritime Antarctic. Br. Antarct. Surv. Bull.
37: 1-6.

- Spaull, V.W.: ' 1973 p,‘“SéasonalwvariationS'in hﬁmbéréidf
- =-8011l nematodes ‘4 Signy Island, South Orkney ‘ - '
Islands. Br. Antarct. Surv. Bull. Nos. 33 & 34 . -
47-56. . o v e e

Spaull, V.W, 1973 4. -Distribution of nematode feeding
' . .groups at Signy Island, South Orkney Islands, with an
~estimate of their biomass and oxygen consumption. L
' .Br. Antarct. Surv. Bull. No. 37: el-32. . o
Stroganov,  N.S." 1956, _Physiological:adaptatich'to!"7
. environmental temperature in fish, Izd. Akad. R
-+ .Nauk SSSR, Moskva. 151 pp.

Svoboda, J. 1974, Primary Production Processes within
- Polar Semi-desert Vegetation, Truelove Lowlang, |,
Devon Island, N.W.T. Canada. Ph. D. Thesis. Univ.
Alberta. 20 Pp. - T

Svoboda, J. 1977. 'Ecology and primary production}%% v
Raised Beach communities, Truelove Lowland. 85-216.
In: Bliss, L.C. 1977. - .

Taube—Nauwerck, I. 1972. Cyclopoids. Char Lake Project.
. Anno Rep. 48‘52. » ) .

Thomas, P.R. 1965, Biology of Acrobeles complexus Thorne,
cultivated on agar. Nematologica 11T 395-40&. -

-



'

312

Thompson, H.W., Roebuck, A. and B.A. Cooper. 1949,

Floods and the spread of potato root eelworm.
J. Minist. Agric. 56: 109-114,

Thorne, G. 1929. Nematodes from the summit of Long's
Peak, Colorado. Trans. Am, Microsc. Soc. 48:
181-195. -

Tietjen, J.H. and J.J. Lee. 1972, Life cycles of
marine nematodes. Influence of temperature and -
salinity on the development of Monhystera
denticulata Timm. Oecologia (Berl.) 10: 167-176.

Tietjen, J.H. and J.J. Lee. 1977. Life histories of
marine nematodes. Influence of temperature and
salinity on the reproductive potential of
Chromadorina germanica Btitschli. Mikrofauna
Meeresbod. o1 cb5-270.

Tikhomirov, B.A. 1974. Specific features of the
Z00component of tundra biogeocoenoses.
International Tundra Biome Translation 10. 12 Pp.

Tilbrook, P.J. and W. Block. 1972. Oxygen uptake in an
‘ Antarctic collembole Cryptopygus antarcticus.
Oikos 23: 313-317.

Timm, R.W. 1971. Antarctic soil and freshwater nematodes

from the McMurdo sound region. Proc. helminth,.
Soc. Wash. 38: 42-52,

Tinkle, D.W. and N.F. Hadley. 1975. Lizard reproductive
effort: caloric estimates and comments on its
evolution. Ecology¢56: L27-43L4

Triantaph llou, A.C. 1971. Genetics and cy&ology.
1-34. In: Zuckerman, B.M., Mai, W.F. and R.A. Rohde
(eds.).” Plant Parasitic Nematodes. Vol. II.
Academic Press, New York. 347 pp.

Van Hook, R.I. 1971. Energy and nutrient dynamics of
spider and orthopteran populations in a grassland
ecosystem. Ecol. Monogr. 41: 1-26. '

Villee, C.A., Walker, W.F. Jr. and R.D. Barnes. 1978,

(5th Edt.). General Zoology. Saunders, Philadelphia.

933 pp.



313

Vitt, D.H. and P. Pakarinen. 1977. The bryophyte
vegetation, production, and organic components of
Truelove Lowland. 225-244, In: Bliss, L.C. 1977.

Volz, P. 1951. Untersuchungen ber die Mikrofauna des
Waldbodens. Zool. Jahrb. (Syst.) 79: 514-566.

Walker, B.D. and T.W. Peters. 1977. Soils of Truelove
Lowland and Plateau. 31-62. In: Bliss, L.C. 1977.

Wallace, H.R. 1961. The bionomics of the free living
stages of zoo-parasitic and phyto-parasitic nematodes -
a critical survey. Helminth. Abstr. 30: 1-22.

Wwallace, H.RJ 1963. The Biology of Plant Parasitic
. Nematoges. Edward Arnold, London. 280 pp.

Wallace; H.R. 1971. Abiotic influences in the soil
environment. 257-280. In: Zuckerman, B.M.,’
Mai, W.F. and R.A. Rohde (eds.). Plant parasitic
nematodes. Vol. I. Academic Press, New York. 345 pp-.

Wallace, H.R. 1976. Nematode Ecology and Plant,Diseése.ﬁ
Arnold, London. 228 pp. - .

Wallwork, J.A.  1967. The Zoogeography of Antarctié
Cryptostigmata. Proc. 2nd Intern. Congr.
Acarology: 17-20.

Wasilewska, L. 1970. Nematodes of the sand dunes in the
Kampinos Forest. I. Species structure. Ekol.
Pol. 18: 429-443,

wadlewska, L. 1971. Nematodes of the dunes in the
Kampinos Forest. II. Community structure based on
numbers of individuals, state of biomass and
respiratory metabolism. Ekol. Pol.” 19: 651-688.

Webb, N.R. 1969. The respiratory metabolism of Nothrus
silvestris Nicolet (Acari). Oikos 20: 294.299,

Webb, N.R. 1970. Oxygen consumption and population
metabolism of some mesostigmated mites (Acari:
Mesostigmata). Pedobiologia 10: 447-%56. ‘

Welch, H.E. 1976. Ecology:of Chironomidde (Diptera) in
a Polar Lake. CCIBP Contribution No. 274. .J. Fish
Res. Bd.$Canada 33: 227-247. ' '

. ® " '
@ e R 4 .
b ’ 1 »
B / >



314

White, J.H. 1953. Wwind-borne dispersal of potato-roo
: "eelworm. Nature (Lond.) 172: 686-687. :
Whitehead, A.G. and J.R. Hemming. "1965. A comparison
- of some ‘quantitative metheds .of -extracting small
vermiform nematodes from soil. Ann. Appl. Biol. -7~
55: 25-38.

Widden, P. 1977. Microbiology and decomposition on
mruelove Lowland. 505-530. In: Bliss, L.C. 1977.
Wieser, W. 1973. Temperature relations of ectotherms:
a speculative review. 1-23. In: Wieser, W. (ed.). (/ .
Effects of Temperature on Ectothermic.Organisms. '
Springer-verlag, Berlin. 298 pp. -

Wieser, W. and J.W. Kanwisher. 1960. Growth and
metabolism in a marine nematode, Enoplus communis
Bastian. . Z. vergk, Physiol. 43: 29-30.

Willard, J.R. 1972. Soil invertebrates: 1. Methods of
sampling and extraction. Matador Project Tech.
Rept. 7. Univ. Saskatchewan, Saskatoon. 40 pp.

willard, J.R., Fisher, V. and M. Petrovich. 1973. Soil
Invertebrates: VI. Nematoda: trophic classification
and structure, of the population. CCIBP Matador
Eroj. Tech. pt. 26. Univ. Saskatchewan, Saskatoon.
Ao 0 pp. |
O - :
Williams, C.B. 1964. Patterns in the balance of nature.
Academic Press, New York. 324 pp. '

Williams, E.J. 1961. Fitting a geometric progression
to frequencies. Biometrics 17:°584-606.

Williems, J.R. 1967. Observations on parasitic protozoa
in plant parasitic and free-living nematodes.
Nematologica 13: 336-343.

Winberg, G.G. 1971. (Ed.). Methods for the Estimation
of Production of Aquatic Animals. Transl. A. Duncan.
Academic Press, London. 175 pp. .

Wood, T.G. 1971. The effects of soil fauna on the
decomposition of Eucalyptus leaf litter in the
Snowy Mountains, Australia. 349-360. In: IV
Colloquium pedologiae. Dijon, 1970.

-



315

Q

Wood, F.H. 1973. Nematode feeding relationships.
Feeding relationships of soil-dwelling nematodes.
Soil. Biol. Biochem. 5: 593-601.

Wu, L-U. 1969. Five new species of Tylenchus Bastlan,
1865 (Nematoda: Tylenchldae) from the CGanadian
High Arctic. Can. J. Zool. 47: 1005-1010.

Yeates, G.W. 1967. Studies on nematodes from dune sands.
9. Quantitative comparison 'of the nematode faunas
. of six localities. .N.Z. Jl. Sgi. 10: 927-948.

1

Yeates, G.W. . 1968. An analysis of annual variation of the

nematode fauna in dune sand, at; Himatangi Beach,
| New Zealand. "Pedobiologia 8: 173 207.

Yeates, G.W. 1969. Predation. by Mononch01des potohikus
(Nematoda: Diplogasteridae) in laboratory culture.
Nematologica 15:-1-9. ‘

Yeates, G.W. 1970. The diversityfbf soil nematode .-faunas.
Pedobiologia 10: 104-107.

Yeates, G.W. 1970b. Two terrestrial nematodes from the
McMurdo Sound region, Antarctica, with a note on
Anaplectus arenicola Killick, 1964. J. Helminth.
44: 27-34.

Yeates, G.W. 1971. Plant and soil nematodes of Wicken
Fen. Nature in Cambridgeshire 14: 23-25.
L
Yeates, G.W. 1972;‘\Nematoda of a Danish beech forest.
I. Methods and general analysis. Oikos 23: 178-189.

Yeates, G.W. 1973. \Abundance and distribution of soil
nematodes in samples from the New Hebrides.
N.Z. Jl. Sci. 1l6: 727-736.

Yoshiyama, R.M. and J. Roughgarden. 1977. Species packing
in two dimensions. Amer. Natur. 111: 107-121.

Yuen, P.H. 1966. The nematode fauna of the regenerated
woodland and grassland of Broadbalk' Wllderness
Nematologlca 12: 195-214.

Yurtsev, B.A. 1972. Phytogeography of. northeastern
Asia and the problems of Transberingian floristic
inter-relations.. 19-54. 'In: Graham, A. (ed.).
Floristies andPaleofloristics of Asia and Eastern

- North America. Elsevier Publ. Co., Amsterdam.

4



316 -

Zeuthen, E. 1947. Body size and metabaliec rate in the
animal kingdom. C.R. Lab. Carlsberg, Sér. ‘chim.
, 261 15- 161

Zeutheni E. 1953. Oxygen uptake as related to body 31ze_
in organisms. Q. Rev. Biol. 28 1-12. .

Zeutheni, E. 1955. Comparatlve phy31ology (resplratlon)
Amn. Rev. Physiol. 17 459-482, ,



AR

VITA

I was born'on'17 J§nﬁéﬁyf19@5fﬁiﬁjChristchurch;' 

° - . G- | N PPN

, s New Zealand. ' T began #chool at'Christchurch) but I' obtaihed - . - o

virtuélij all of my primary education at Karitaﬁe, which is

a small fishing villagé in the pfovincé of Otago. The first
two years of mf sécﬁﬂdéfy.édﬁ¢5£iShZQéré éé'Hérdeeﬁﬁé
Col}ege, Levin, in ' New Zealand, and -my finai three yeafs

were at Riccarton High School, "back in Chiistchuréh,

Following high school, I attended the University

“of Cantufbury‘at‘CﬁristChufch,'from which T gréauated B.Sc.

Hons. in Zoology. In addition to the bursaries I received,

I supported mySelf'by QOrkingrih a local sawmill. - My par§§ts

" also helped, particularly®during my final year, éribr to

~which I had hitch—hike@ around Australia, and from which trip

I had arrived home penniless.
Immediately upon graduation I went to the

Antarctic as a research scientist with the University of

Canterbuty Antgrctic Bidiogy Unit. I published my first

paper out of.éﬁis experiencé.‘ On rééurning from~the1Antarctic

I obtained the position of science teather ét‘Darfield High

School, 40 miles from Christchﬁfch, where I remained for -

8 months, . _‘ ‘ .‘, 0/
My spell of teaching at Darfield High Scﬁoo;

filled in my time priorvtolleaving for the_ﬁpiversity of

British Columbia, Canada, which I atgégg;;\as a graduate

g . N
/ \

N



student in Zoology - In order\to 'save money 'on the trlp

across the Pac1f1c Ocean, I hltCh hlked V1a cargo ship to

I the eastern eeaboard of the Unlted States, from where I

Ca

@ % e <.
i3 '., 2

e

bused to Brltlsh Columbla. At U B C I part1c1pated in’ an"

I.B.P. study of a small lake, and obtained an M.Sc. for my
\ ‘

contributions,_'During this period I was supported by

graduate teachlng and research ass1stantsh1ps, and also a"

scholarshlp Durlng my last year at U.B. C. I was also.

' ‘employed by the Internatlonal Pacific Salmon Fisheries

3

Comm1551on, CultusuLake,~as a research sc1entlst
" i
~N .

Following graduatlon from the Unlver51ty of

”British\Columbla} I'went- to the University of Alberta, where

"I have beéh enrolled as a graduate student in Entomolooy to

\

the present t&me. There I performed the research described

AN

Sy - . N

in thlS the51s.\ The unlver51ty supported me w1th qraduate
,‘.‘T'\
teaching a551sstantsh1ps and 1nterse551on bursarles, whlle

v N

" the Devon Island I.B.P. Pro]ect provided ‘research N

assistantships. *

<

I am presently a member of the staff of the-

Department of Biology, University College of Botswana, where

I am teaching undergraduate entomology,‘ecology,and applied -

biology, as well as conducting my own research, I am“filllng”

this. position as part of Canada's foreign aid program to -

developing countries and, as such, I am under contract to the

Canadian International Development Agency and the World

University Service of Canada;



