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Summary

1. We quantify the degree of host specificity for the five extant New Zealand lorantha-
ceous mistletoesA{epis flavida lleostylus micranthusPeraxilla colensqiPeraxilla
tetrapetalaandTupeia antarctica

2. Host specificity is highest foA. flavidg P. colensoandP. tetrapetalawhich pri-

marily parasitize species dlothofagusand lowest foil. antarcticaand especially.
micranthuswhich parasitize a wide range of host species.

3. These patterns of host specificity support the suggestion that relative host abun-
dance is a key factor determining the degree of host specialization in mistletoes
(resource fragmentation hypothesis). While evolutionary history may be important in
the specificity of the mistletoe—host relationship in some situations, our data suggest
that for New Zealand mistletoes evolutionary history simply reflects the temporal
component of relative host abundance.

4. We conclude that it is the stability of host availability through time and space which
is the dominant factor determining host specificity patterns.
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Introduction grow successfully in or on many of the potential hosts
encountered. If host populations are unpredictable and
The degree of specificity of the parasite—host relationephemeral, generalists are more likely to occur
ship varies both within and between parasite groupgThompson 1994). The relative abundance of host
(Barlow & Wiens 1977; Bernys & Graham 1988; species is therefore a key factor determining the
Rohde 1993; Shaw 1994). We define parasites talegree of host specificity in a parasite (Norton &
include plant parasites, such as mistletoes, viruses;arpenter 1998). Given sufficient abundance of a fre-
some phytophagous insects, parasitoids, and ecto- amiently encountered host, the benefits of specializing
endoparasites of animals, such as lice and liver flukesn that host outweigh the disadvantages of interacting
(Norton & Carpenter 1998). All are distinguished by less well with other potential hosts.
completing a whole stage of their life associated with The degree of host specialization may also be influ-
a single host individual in a relationship that is benefi-enced by the length of time the parasite and its host
cial to the parasite but not to the host (Thompsorhave been associated. Manter’s second rule states that a
1994). Few parasites are known to infect a single hodbng association between a parasite and host will result
species alone, with the usual pattern among specialistg greater host specificity (Brooks & McLennan 1993).
being a single common host, and a number of otheHowever, Shaw (1994) suggests that parasites have a
less frequently used hosts (Shaw 1994; Hawkswortiarrow host range when they first arise as distinct
& Wiens 1996). In a similar manner, generalists whichspecies and that the host range may then subsequently
use a large number of host species, tend not to bexpand. This view assumes that speciation occurs as a
totally unrestricted in their host range and show prefresult of specialization to a particular host and would
erence for some host species above others (Bernys 8ot be true of a species evolving as a generalist on sev-
Chapman 1994; Shaw 1994). eral hosts. Some authors have argued against a general
Host specificity in parasites may be favoured by thetrend towards either host specificity or generalization
advantages of adapting to interact with a frequently(Brooks & McLennan 1993; Thompson 1994) saying
encountered host (Norton & Carpenter 1998). Being dhat evolution can proceed towards either outcome.
host generalist can also be advantageous, especially inWhile there is increasing information on host speci-
a heterogeneous community, as it allows parasites ticity patterns for some groups of organisms
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(Hawkins, Shaw & Askew 1992; Paterson & Gray sample of the host species (host verified). However,
1997; Yeates & Greathead 1997; Newton & Haighthere were too few of these to enable us to quantify
1998) there is a paucity of information for others. Forhost-specificity patterns and we therefore also
these latter groups our knowledge of specificity isincluded those sheets that listed the host but did not
usually based on anecdotal sources (e.g. host lisieclude a sample (host unverified). The verified and
included in general taxonomic treatments). While dif- unverified records varied in a similar manner between
ferences in levels of host specificity have been recoghost species{=0-613P < 0-001n = 71) suggesting
nized for mistletoes (e.g. Barlow 1984; Hawksworth that the unverified records provide a reliable indica-
& Wiens 1996), there have been few studies quantifytion of host use. This gave us a database of 970
ing these differences and this forms the focus of theecords for which information on hosts was provided
present study. (380 verified and 590 unverified).

‘Mistletoes’ are a polyphyletic group of shrubby To compare the degree of host specificity between
parasites of aerial stems including species in thenistletoe species we used the Shannon—Weiner diver-
Loranthaceae, Viscaceae, Eremolepidaceaesity indexH’ (Magurran 1988):

Misodendraceae and Santalaceae (Kuijt 1990; Reiqq,:_Z o In p

Stafford Smith & Yan 1995). The Loranthaceae, the O
largest group of mistletoes (at least 850 species in 6@here the quantityy; is the proportion of records
genera), form the focus of this paper and the wordound in theith host species. Mistletoes with low
mistletoe is used here to refer to members of this famdiversity values are the most host specific, parasitiz-
ily only. In this paper we quantify the degree of hosting a small number of hosts with one host usually
specificity for the five extant New Zealand lorantha- dominant, while those with high diversity values are
ceous mistletoesAlepis flavida lleostylus micran- the least host specific, parasitizing many hosts with no
thus Peraxilla colensqi Peraxilla tetrapetalaand  one host dominant.

Tupeia antarctich and assess the importance of dif-

ferences in (1) relative abundance of potential hos‘?esults

species and (2) evolutionary history in explaining the

observed differences in host specificity among thes@©f the 1386 mistletoe herbarium sheets examined,
mistletoes. Plant nomenclature follows Allan (1961) 970 (70%) included information on the host species.
and changes suggested in Connor & Edgar (1987) foApart fromI. micranthuswhere 82-9% of sheets had
indigenous species, and Webb, Sykes & Garnockhost information (Table 1), the proportion of sheets
Jones (1988) for introduced species. with host information for each species was similar,
ranging from 57-9 to 67-7%. However, only 380 of the
sheets (27:4%) had the host verified, ranging from
10-8% for P. colensoito 46-1% forl. micranthus

We examined in excess of 1400 mistletoe herbariun{Table 1).

sheets held in the nine main New Zealand herbaria The number of hosts recorded on the herbarium
(AK, AKU, CANU, CHR, NZFRI, OTA, WAIK, sheets was consistently less than the total number of
WELT, WELTU) and in three herbaria outside New known hosts for all species (43-:8-94-1%; Table 1) as
Zealand (BM, K, P). For each herbarium sheet wethe total host list included literature records and per-
confirmed the identification of the mistletoe and sonal observation as well as herbarium vouchers (de
recorded information on the host (either by confirm-Lange, Norton & Molloy 1997a). However, much of
ing its identification if it was present or noting if it was this difference arose from the generally poorer repre-
mentioned on the label), the collector and date of colsentation of introduced host species in our data set
lection, and the locality from which it was collected. (47-8% of all introduced host species, range 0-100%),
Any sheets that were obvious duplicates of othewhile the representation of indigenous host species
sheets were excluded. From this, we assembled was generally greater (79-1% of all indigenous host
database of 1386 herbarium records for the five extargpecies, range 64:9-93-3%).

mistletoe species including all records up to the end of The dominant indigenous host genus/Aoiflavida
1995. and the two Peraxilla species wasNothofagus

The herbarium records were sorted by species an(B4—96-5% of records; Table 2). In contrast the domi-
hosts parasitized. We distinguished between thoseant host genera for micranthus(Coprosma andT.
herbarium sheets that provided no information onantarctica(Pseudopangxaccounted for less than half
hosts, from those that either had the host preserthe herbarium records for each mistletoe species. A
(enabling us to verify its identification) and those thatsimilar pattern is apparent with the dominant indige-
noted what the host was but did not include a specinous host species, with. flavida and the two
men for verification. For those sheets that listed sevPeraxilla species most commonly parasitizing a sin-
eral hosts, we recorded the first host only as this wagle Nothofagus species (63:4-85-9% of all host
usually the host parasitized by the mistletoe. The mostecords), while the dominant host species for
useful information comes from sheets that include amicranthusand T. antarcticaaccount for only 20-8

Materials and methods



554 Table 1. Documented hosts for five extant New Zealand Loranthaceae mistléleess flavida lleostylus micranthus
D. A. Norton & Peraxilla colensqgiPeraxilla tetrapetalaandTupeia antarctica

P. J. de Lange

A. flavida I. micranthus  P. colensoi P. tetrapetala  T. antarctica

ALL MISTLETOE RECORDS

N native hosts 13 114 7 15 37

Nintroduced hosts 0 92 9 2 11

Total hosts known 13 2061 16 17 48
HERBARIUM MISTLETOE RECORDS

N vouchers 223 497 130 285 251

% with host 66-4 829 67-7 57-9 62-5

% with host verified 24.-2 46-1 10-8 14-0 17-1

N native hostst 10 74 5 14 33

% all known native hosts 76-9 64-9 71-4 93-3 89-2%

Nintroduced hosts 0 49 2 2 7

% all known introduced hosts - 53:3 22:2 100-0 63-6%

Total hosts 10 123 7 16 40

% all known total hosts 76-9 59.7 43-8 94-1 83-3%
VERIFIED MISTLETOE HERBARIUM VOUCHERS

N native (% of all verified) 148 (100) 331 (80-3) 86 (97-7) 163 (98-8) 132 (84-1)

N introduced (% of all verified) 0(0) 81 (19-7) 2(2:3) 2(1-2) 25 (15-9)

*From de Langeet al. (1997b). TExcluding the three hosts from Norfolk Island. $These data include hybrids, but exclude host
records at generic level when records of species in the same genus have been made.

and 25-4% of host records, respectively (Table 2). Thehe southern North Island (south afa. 40°S)
much greater degree of host specificityAinflavida, = Coprosma crassifoliaand Melicope simplexare the
P. colensoandP. tetrapetalaspecies is also evident in most commonly used hosts (11/37 and 6/37 records),
their low diversity valuesH’ = 0-80, 0-71 and 1-47, while on the west coast of South Isla@Gdprosma
respectively) compared with the higher diversity val- propinquais the predominant host (23/28 records).
ues forT. antarctica(H’ = 2:27) and especially For T. antarctica Pseudopanax arboreus the domi-
micranthugH’ = 3-37; Table 2). nant host in the Taupo volcanic zone of the central
Patterns in introduced host species were only anaNorth Island (23/32 records) and the eastern North
lysed forl. micranthusand T. antarcticabecause of Island (10/12 records), whileMyrsine australis
the small numbers of introduced hosts for the othe(Myrsinaceae) is the dominant host on Banks
three mistletoe species (Table 1). The dominant introPeninsula in the eastern South Island (6/11 records),
duced host fofl. antarcticawas Chamaecytisus pal- andCarpodetus serratuthe only indigenous host in
mensis accounting for 76% of introduced host the Dunedin region, south-eastern South Island (8/8
records (Table 3). In contrast, the two dominant hostecords). Comparable analyses were not undertaken
genera fot. micranthugPrunusandSaliy) accounted for A. flavidaandP. colensobecause of smaller sam-
for only 9-9 and 8:6% of host records, respectivelyple sizes and less obvious regional variation.
(Table 3). InterestinglyC. palmensisvas the domi-
nant host species formicranthus but accounted for
only 7-9% of all host recordfeostylus micranthus
had a comparable diversity of introduced hosts as iWhile providing much information, at least three limi-
had indigenous hostd( = 3:72 cf. 3-37; Table 3). tations are associated with using herbarium sheets in
However, the diversity of introduced hosts for  assessing host specificity patterns. (1) The lack of
antarcticawas much lower than for indigenous hostsinformation on host species meant that we were
(H"=0-98 cf. 2.27; Table 3) reflecting the dominanceunable to use 416 sheets, while a further 590 sheets
of C. palmensigs its principal introduced host. provided host information that could not be verified
There is some evidence for regional variation inand was therefore of lower reliability. However, we
indigenous host-species use among individual mistleehose to use the unverified host records primarily
toe species. Fd?. tetrapetalaNothofaguspecies are  because the correlation between unverified and veri-
the predominant host (132/141 records) south ofied records was significant and as most collections
ca.38°S (Fig. 1b) but north of th@uintinia serratais ~ were by botanists who could be expected to have cor-
the predominant host (16/18 records) although furtherectly identified the host species based on our experi-
south this host species is apparently not parasitizednce with other collections they have made. (2) There
©1999 British Similar regional patterns also occur fomicranthus s bias in the collections towards mistletoes present on
Ecological Society, [N Northland and Auckland (northern North Island unusual hosts (see also de Laregeal 1997a) as
Functional Ecology, ~ north ofca. 35°S)Podocarpus halliandPodocarpus  numerically there are far fewer collections of the most
13, 552-559 totara are the predominant hosts (13/21 records), incommon hosts (e.gNothofagus solandyithan would
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be expected if mistletoe sampling had been random
with respect to hosts. (3) The geographical coverage
of herbarium sheets is also uneven, with more collec-
tions from areas with easy access, for example along
major roads and around urban centres (Fig. 1, and dis-
tribution maps in de Langet al. 1997b). The main
effect of this has been to increase the number of intro-
duced host species and uncommon indigenous host
species recorded (de Langeal. 1997a). While these
limitations do affect our estimates of the degree of
host specificity, they are common to all five mistletoe
species and should therefore not affect the compara-
tive analyses undertaken.

Our results quantify the patterns in host specificity
among the extant New Zealand mistletoes, wth
flavida (H” = 0-80),P. colensoi(H" = 0-71) andP.
tetrapetala(H’ = 1-47) all showing high host speci-
ficity, primarily parasitizing species dflothofagus
while T. antarctica (H" = 2:27) and especially.
micranthus(H’ = 3-:37) exhibit considerably lower
levels of specificity and parasitize a wide range of
host species. As a framework for assessing the factors
that might explain these differences in host specificity,
we evaluate the importance of relative host abundance
and evolutionary history as possible causes based on
our results.
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RELATIVE HOST ABUNDANCE

P. colensoi
n=286
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Not. menziesii
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Alepis flavidaand the twoPeraxilla species occur
most commonly ilNothofagudorests (Fig. 1), except

in the far north of New Zealand whdpetetrapetala
locally parasitize Q. serrata in mixed-species
angiosperm forestdNothofagusforests are usually
characterized by the dominance of one or more
canopy Nothofagusspecies, with other tree species
being of minor importance (Ogden, Stewart & Allen
1996). Nothofagusspecies are relatively long-lived
(typically 250-450 years) and, although a variety of
disturbances regularly affect these foreststhofagus
species quickly reestablish after such disturbances.
This environment provides considerable spatial and
temporal stability with respect to host availability,
with the predominant hosts dflepis and Peraxilla
usually being the most abundant species in the forests
(Norton, Ladley & Owen 1997). When the relative
abundance of differertiothofagusspecies changes,
differences in host use occur. For example, in South
Island,P. tetrapetalgprimarily parasitize$N. solandri
when it is the predominant species present, but when
N. solandribecomes a minor component of the forest
(e.g. in higher rainfall regions), othétothofagus
species become the predominant host (e.g.
Nothofagus fuscaand Nothofagus truncataD. A.
Norton unpublished data).

In contrast). micranthusandT. antarcticatypically
occur in shrubland and low forest communities which
tend to be characterized by a greater diversity of poten-
tial host species (Wardle 1991). These vegetation types
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Table 2. Main indigenous hosts for New Zealand Loranthaceae. Genus abbreviations (and families) adetidagugFagaceae); CopGoprosmaRubiaceae); PodRodocarpugPodocarpaceae); Lep.,

LeptospermuniMyrtaceae); Mel.Melicope(Rutaceae); PitRittosporum(Pittosporaceae); QuiQuintinia (Escalloniaceae); CaCarpodetugEscalloniaceae); PleP]agianthusMalvaceae); HohKoheria

(Malvaceae); OleQlearia (Asteraceae); llelleostylus Pse.PseudopanagAraliaceae)
*Calculated for all indigenous hosts identified to genus and species level. tCalculated only for those indigenous hiestsadgaedies level, or to genus level where no species identification has been made

Host diversity H') T

Genug
Speciest
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are often seral, representing a stage in the developmeabmmunities. The root parasibactylanthus taylorii

of forest after disturbance. When these mistletoes d¢gBalanophoraceae) which parasitizes a wide range of

occur in tall forest, they are often present on hostangiosperm shrubs and trees in New Zealand also

trees that typically regenerate after disturbance (e.goccurs in seral vegetation, often on the margin of tall

P. totara and P. hallii). The predominance of forest (Ecroyd 1996). The generalist nature of

lleostylusandTupeiaon host trees and shrubs typical lleostylusand Tupeiais also highlighted by their

of seral vegetation suggests that host specializatioabundance on introduced host species, especially in

is likely to be less reliable than host generalization.areas that have been highly modified by human

However, locally and especially when the vegetationactivities. These introductions represent a form of

is dominated by only one or a few species, some spedisturbance to which these two mistletoes have been

cialization does occur (e.g. @i propinquain salt-  able to successfully respond.

marsh shrublands in western South Island).

lleostylusand Tupeiaare also very common in the EVOLUTIONARY HISTORY

central and northern North Island in areas that have

been regularly modified by volcanic activity Host specificity in these mistletoes also appears to be

(Froggatt & Lowe 1990), again creating disturbedrelated to the history of the individual taxa in New

sites dominated by diverse shrubland and low-foresZealand. At least 12 different mistletoe taxa referable
to the Loranthaceae, including the five extant species,
have been recorded from New Zealand fossil deposits

Table 3. Main exotic hosts fol. micranthusandT. antarctica Genus abbreviations (D. C. Mildenhall, personal communication, 1993).

(and families) are: ChaChamaecytisugFabaceae); PyrRyrus (Rosaceae); Sal.,
Salix(Saliaceae)Prunus(RosaceaeCytisus(Fabaceae)

While the taxonomic relationships of some of these
taxa are unclear (Muller 1981) the first record of a

I. micranthus % T. antarctica % loranthaceous pollen type is from the late Cretaceous
(Cranwelliatype; Mildenhall 1980). Pollen that is vir-

Genus* n=8l N=25 tually identical to the modern taxa flavida P. colen-

g;‘fiius 2:2 g';t?;‘gecy“sus 72_‘8 soi and P. tetrapetala(D. C. Mildenhall, personal
Speciest N=76 N=25 communication, 1993) first appears in the late Eocene

Cha. palmensis 7-9 Cha. palmensis 76-0 (43-37 million years B.P.) while pollen &f antarc-

Pyr. communis  6-6 tica andl. micranthuss not present until the Pliocene

Sal. cinera 6-6 (5-2 million years B.P.; Mildenhall 1980) although
Host diversity H) 3:72 0-98

lleostylusmay have been present in the Miocene (D.

*Calculated for all indigenous hosts identified to genus and species level.

C. Mildenhall, personal communication, 1998). The

tCalculated only for those indigenous hosts identified to species level, or to gerf@iéolutionary relationships between the extant species
level where no species identification has been made. and fossil loranthaceous pollen types are unclear

@ Peraxilla colensoi
4 Nothofagus menziesii

® Alepis flavida
# Nothofagus solandri

® Peraxilla tetrapetala
# Nothofagus solandri

Fig. 1. Distribution of (a)Alepis flavida(b) Peraxilla tetrapetalaand (c)Peraxilla colensosuperimposed on the distribution of their principal host.
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(Mildenhall 1980), although Barlow (1983) suggestshost availability since their arrival (e.g. the massive
that all the extant New Zealand species are primitivaeductions in forest cover during glacial periods)
morphologically and cytologically. appears to have favoured host generalization.

The appearance @lepis and Peraxilla pollen in Host-switching and co-speciation have both been
the late Eocene is coincident with an increasing domisuggested as important modes of evolution for a vari-
nance of Nothofagus pollen (Mildenhall 1980; ety of parasites (Brooks & McLennan 1993; Paterson,
Pocknall 1989; McGlone, Mildenhall & Pole 1996), Gray & Wallis 1993; Shaw 1994; Thompson 1994,
the principal host genus for this group today.Hoberg, Brooks & Siegel-Causey 1997; Paterson &
Environmental conditions through the middle part of Gray 1997). Host-switching occurs when a parasite
the Tertiary (Eocene to early Miocene) appear to havestablishes on a new host and diverges from the origi-
been relatively stable with New Zealand being characnal form as selection favours adaptations to the new
terized by limited relief, infertile leached soils, and host. Co-speciation occurs when the parasite under-
temperate climates (Mildenhall 1980; Pocknall 1989;goes speciation in response to host speciation; for
McGloneet al. 1996). The forest vegetation was dom- example, as a result of changing climatic conditions.
inated byNothofagusncluding species related to the The main hosts of the twleraxilla species occur in
modern hosts dklepisandPeraxilla These relatively  different sections of the genN®thofagugP. colensoi
stable conditions over several millions of years areonN. menziesi{subgenusophozonia), P. tetrapetala
likely to have favoured specialization by mistletoes onon N. solandri (subgenusFuscospora) Hill &
particular host species; the dominancéNothofagus  Dettmann 1996] suggesting that they are unlikely to
in the vegetation would have been a key factor in thishave evolved through co-speciation. This is especially
group becoming the preferred host. so as the origin of these two sections appears to be

Towards the end of the Miocene changing globalconsiderably older than the first appearance of
climate patterns and the onset of the KaikouraPeraxilla in the fossil record. However, these two
Orogeny resulted in more variable climates and themistletoe—host pairs could represent a good example
creation of fresh and more dynamic habitatsof host-switching. There is also evidence for ongoing
(McGlone 1985). As a result, the vegetation becamespeciation within this group through host-switching:
more variable spatially and temporally and while P. tetrapetalaoccurring onQ. serratahosts in north-
Nothofaguswas still dominant during warmer peri- ern North Island have a greater incidence of apricot-
ods, low forest, shrubland and grassland were extercoloured flowers tharP. tetrapetalaoccurring on
sive during prolonged cooler periods. The origink of Nothofagushosts elsewhere in New Zealand where
micranthusandT. antarcticaare unclear, but they first bright red is the predominant flower colour (D. A.
appeared at a time when environmental conditiondNorton & P. J. de Lange unpublished data). Co-specia-
were far more variable than those encountered earligion is again unlikely aBlothofagusandQuintiniaare
in the Tertiary. The major environmental changes thanot related. Both. micranthusandT. antarcticaalso
have occurred since they first appear in the Newshow some evidence of host-switching through strong
Zealand fossil record are likely to have prevented hoslocal patterns of host specificity even when hosts used
specialization happening. The dramatic changes irlsewhere are present. All these examples suggest that
plant distribution patterns between glacial and inter-if host-switching is an important mechanism of speci-
glacial periods (McGlonet al. 1996) could have been ation in New Zealand mistletoes, this process is itself
a major limitation to host specialization. The main dependent on relative host abundance. The impor-
indigenous hosts ofleostylus and Tupeia today tance of host-switching has been highlighted in a
(Table 2) are generally short-lived species that oftercomparison of parasite and host phylogenies for
occur in successional situations (Wardle 1991) andirceuthobiuma plant parasite from the related family
would have been abundant during the oscillating cli-Viscaceae (Norton & Carpenter 1998).
matic conditions of the Quaternary. The patterns of host specificity in New Zealand
mistletoes documented here strongly support the sug-
gestion that relative host abundance is a key factor
determining the degree of host specialization in para-
Both relative host abundance and evolutionary historysites (Norton & Carpenter 1998). The importance of
appear to have had an important influence on thdéost abundance for parasite specificity has been docu-
degree of host specificity in the extant New Zealandmented in several parasite groups as well as other host
mistletoes. Th&lothofagugparasitizing mistletoeg. dependent organisms. For example, the reduction in
flavida, P. colensoandP. tetrapetalahave a long his- host specificity in tropical compared to temperate
tory in New Zealand, much of which occurred whenareas is considered a consequence of the lower rela-
Nothofagusdominated forests existed for very long tive abundance of individual host species (Janzen
time periods providing ideal conditions for mistletoe 1981; Hawkinset al. 1992; Rohde 1993). Host speci-
specialization on this group. In contraktantarctica  ficity in phytophagous insects has also been related to
and I. micranthusare relative newcomers to New the abundance and reliability of host plants (Bernys &
Zealand and the spatial and temporal variability inChapman 1994) and similar patterns can be seen in a

HOST SPECIFICITY IN NEW ZEALAND MISTLETOES
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plant—phytophage—parasite—parasitoid system New Zealand: their stratigraphy, nomenclature, distribu-
(Dawah, Hawkins & Claridge 1995). These patterns tion, volume and agéNew Zealand Journal of Geology

. [T . . and Geophysic33,89-109.
in host specialization can be explained in terms of th awkins, BA., Shaw, M.R. & Askew, R.R. (1992) Relations

resource fragmentation hypothesis (Janzen 1981) among assemblage size, host specialization, and climatic
which suggests that specialized parasites are unable tovariability in North American parasitoid communities.
persist on scarce hosts, thus host generalists dominateAmerican Naturalist.39,58-79.

in systems with low relative host abundance (hithawksworth, F.G. & Wiens, D. (199@®warf Mistletoes:

. . . . . Biology, Pathology, and Systematics. Agricultural
_host spem_es dlversr[y)_. _Evolunonary h|_Story may be Handbook 709. US Department of Agriculture,
important in the specificity of the parasite—host rela- \yaghington, DC.

tionship in some situations (cf. Manter’s second rule;Hill, R.S. & Dettmann, M.E. (1996) Origin and diversifica-
Brooks & McLennan 1993). However, our data sug- tion of the genusNothofagus The Ecology and
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