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INTRODUCTION

It has been suggested that the enormous diversity of phytochemicals within the plant kingdom
makes it impossible for one and the same insect species to exploit all plant species (Dethier 1954,
Fraenkel 1959). Not surprisingly, the number and diversity of host plants utilized by different
phytophagous insects are highly variable, and the specific selective pressures acting on them are still
poorly understood (Bernays and Graham 1988, Strong 1988). Many hypotheses have been proposed to
explain variations in host specificity among phytophagous insects. For example, there are those based
on plant traits: plant defenses (Ehrlich and Raven 1964), plant apparency (Feeny 1976, Rhoades and
Cates 1976), plant abundance (Root 1973), plant nutritional value (Mattson and Scriber 1987); those
based on insect traits: degree of intimacy with the host plant (Mattson et al. 1988), neuronal capacity
of the insect (Levins and MacArthur 1969) and finally those based on natural enemies’ traits, e.g. the
impact of generalist predators (Bernays and Graham 1988).

In this paper we examine the predictions resulting from hypotheses based on plant characteristics
and insect intimacy. We have used the data available in the literature on host ranges of Swedish
needle-eating insects reported to feed on the three major conifer species native to Sweden: Scots pine
(Pinus sylvestris), Norway spruce (Picea abies), and juniper (Juniperus communis). These species account
for almost all of Sweden’s coniferous flora.

HYPOTHESES EXPLAINING HOST-PLANT SPECIALIZATION

According to the plant apparency hypothesis, differences in tissue chemistry exist between long-
lived perennial plants that are easily discovered by insects (apparent) and annual ephemerals that are
more difficult to discover (unapparent) (Feeny 1976, Rhoades and Cates 1976). Supposedly, apparent
plants contain relatively large amounts of unspecific allelochemicals of low toxicity, high in molecular
weight (e.g. tannins), whereas unapparent plants contain small amounts of specific, highly toxic
allelochemicals with a low molecular weight (e.g. glucosinolates). These groups of allelochemicals have
been called quantitative and qualitative, respectively, by Feeny (1976). Owing to these differences,
polyphagous insects are associated mainly with apparent plants and monophagous insects mainly with
unapparent plants. Being long-lived and large, conifers meet all the criteria of apparent plants. Hence
one can predict that a majority of insects feeding on conifers will be polyphagous. However the
apparency hypothesis further predicts that the types of allelochemicals will vary among tissues within a
plant depending on tissue apparency. Analogous to between-species variation, apparent tissue (usually
perennial), containing unspecific allelochemicals, and unapparent tissue (usually short-lived), containing
more specific allelochemicals, should favor polyphagy and monophagy, respectively.
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According to the nutrition hypothesis, folivores that feed on nutrient-impoverished plants will
have evolved special behavioral adaptations and digestive and metabolic systems that allow them to
sequester nutrients from very dilute mediums (Mattson and Scriber 1987). Such adaptations should not
in principle prevent them from also feeding on nutrient rich diets. Hence they have the capacity to be
polyphagous if other factors are not limiting. Because the conifer species in this study tend to be
adapted to nutrient poor sites, and characteristically have low concentrations of N in their needles
(Tamm 1955), one might predict then that their phytophagous insects should tend to be polyphagous
other things being equal. In fact, Holloway and Hebert (1979) reported that many species of
macrolepidoptera feeding on conifers seem to be less specific in their choice of hosts than species
feeding on Angiosperms.

According to the Host Intimacy Hypothesis, host specialization by insects will be proportional to
the amount of time and body surface area which is spent in direct contact with living tissues of the
host plant (Mattson et al. 1988). The rationale is that high intimacy requires highly elaborate
behavioral, physiological, and temporal adaptations with a host plant and that increasing intimacy will
therefore impose concomitant specialization. Hence the intimacy hypothesis predicts that intimate
species such as leaf miners should tend toward monophagy whereas nonintimate species such as free
feeding Lepidoptera should tend toward polyphagy.

METHOD AND DEFINITIONS

Information about food plants utilized by each insect species was obtained from Escherich
(1931), Nordstrom et al. (1941), Schwenke (1974, 1978, 1982), Winter (1983), and Ehnstrdm (pers.
comm.) but the appendices provide further details. Only insects reported to occur on juniper
(Cupressaceae), Scots pine (Pinaceae), and Norway spruce (Pinaceae) have been included. Most of the
literature data concern insect occurrence at the plant species level, but in some cases information at
the genus level has also been included.

Host-plant specialization is defined according to Cates (1980): insects are considered to be
monophagous (Mono) if they utilize one or several plant species within a single genus, oligophagous
(Olig) if they feed on two or more genera within one plant family or closely related families, or
polyphagous (Poly) if they feed on plants from two or more families (i.e. at least one conifer and some
angiosperm). Insect species feeding on one genus within the Pinaceae plus juniper, and insects feeding
on two or more genera within the Pinaceae plus juniper, denoted MonoJ and OligJ respectively in the
appendices, are included in the oligophagous group elsewhere. Chemistry and morphology are more
similar between the two conifer families than between conifers and angiosperms (Thomas 1970),
justifying our inclusion of insects denoted MonoJ and OligJ in the oligophagous group.

With respect to numbers of insect species associated with various host plants, a good
correspondence has been found between faunal lists derived from the literature and data based on
extensive field sampling (Southwood et al. 1982, Niemeld and Neuvonen 1983). Thus the coarse
division of host range used in this study probably reflects actual conditions.

Needles were classified as either young or old. The young included buds and current-year
needles; the old group included needles > 1 year of age.



RESULTS

Detailed information concerning the host plants utilized by individual insect species as well as
their host ranges, needle-age utilization, and feeding modes are presented in Appendices A-D.

No obvious trend in the degree of host-plant specialization is apparent when all insect species
are considered (Table 1). However, the degree of specialization varies distinctly among feeding and
taxonomic insect groups. Mining microlepidopterans are mainly monophagous (X = 13.38, p < 0.01,

df = 2). The absolute monophagy among the sawflies is notable. Chewing micro- and
macrolepidopterans are predominantly pol hagous the microlepidopterans, however, not significantly
S0 (X2 = 5.76, p > 0.05, df = 2, and X* = 14.92, p < .001, df = 2, respectively). Beetles are
mainly oligophagous.

Table 1. Numbers of mono-, oligo-, and polyphagous species within different
insect groups on Swedish conifers

Insect group Monophagous Oligophagous Polyphagous
Microlepidoptera

Chewing 2 5 10

Mining 13 6 0

Others 7 4 3
Macrolepidoptera 2 16 21
Hymenoptera

Symphyta 28 0 0
Coleoptera

Larvae 1 3 0

Adults 2 9 6
All chewing spp. 33 33 37
Total 55 43 40

Table 2. Degree of host-plant specialization among chewing insects as related
to their needle-age (young vs. old) utilization on Swedish conifers
(based on 14 Lepidoptera, one sawfly, and four Coleoptera species)

Host range Young needles 0ld needles
Monophagous 0 1
Oligophagous 5 5
Polyphagous 5 3




No association was found between the degree of host-plant specialization and needle-age
utilization in chewing insect species (Table 2).

The oligophagous group predominates on all three conifers, comprising ca. 45 percent of the
total number of insect species on each of them (Fig. 1). The relative proportions of monophagous and
polyphagous insects differ between the tree species. Juniper, with its high proportlon of monophages
and low proportion of polyphages, differs significantly from both spruce and pine (X = 9.59,

p < 001, df = 2, and X2 = 6.15, p < 0.05, df = 2, respectively). Although spruce and pine do not
differ significantly, the proportion of monophages is slightly higher on pine.

DISCUSSION

All conifer species studied must be regarded as highly apparent to insects searching for
ovipositional sites and low in nutritive value. According to the apparency and nutrition hypotheses,
insects feeding on these tree species should tend toward polyphagy. Our data show no such trend
when all insect species are considered. On the contrary, less than one third (29 percent) are
polyphagous (Table 1). However, such a crude comparison might be too superficial. A more realistic
assessment might be achieved by comparing our results with the proportion of monophagous and
polyphagous insect species in studies including less apparent and more nutritious plants. This is
possible only with specific insect groups (see below). Juniper differs from both spruce and pine,
furthermore, in having relatively more monophagous insect species (Fig. 1). However, differences
between the three conifer species with respect to apparency and nutritional value appear to be small.
Ideally, any attempt to explain host-plant specialization based on plant characteristics should at least
take variation in feeding habits among insect feeding guilds into account. The selection pressure on
the insect varies depending on the plant traits encountered during feeding. Although this fact was
earlier pointed out by Feeny (1976), among others, it has often been ignored. For example, insects
feeding internally, such as mining insects, might be able to avoid some plant allelochemicals that are
compartmentalized in the plant (Feeny 1970, 1976, Cornell 1989). On the other hand, they might
expose themselves more to rapidly inducible defenses, such as phytoalexins. Although the nutrition
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Figure 1. Relative proportions (%) of mono-g, oligo-D , and polyphagous
insect species on each of the three conifer species. Each bar equals 100%.
n = number of insect species.




hypothesis was developed based on free-living Lepidoptera, other groups might be more sensitive to
variation in nutrient concentrations. In the following, therefore, we have broken down our data into
feeding guilds.

Mining Microlepidopterans

The fact that the main defense compounds in conifers (terpenes) are concentrated in clearly
defined resin ducts (Bennett 1954) may have important consequences for mining insects. For example,
one needle-mining microlepidopteran (Exoteleia pinifoliella) utilizes only pine species whose needles
have very few resin ducts, all of which are small. Thus this species appears to be avoiding the resinous
defense of the host (Bennett 1954). Mining insects seem to be very specialized, irrespective of which
food plants they utilize (Hering 1951, Claridge and Wilson 1982, Price 1983). This implies that the
degree of host-plant specialization is determined by selective pressures other than those proposed by
the apparency hypothesis. The intimate relationship between mining insects and their hosts can
probably best explain the narrow host ranges of mining insects. For example, the need to adapt to the
anatomy and phenology of the plant may determine the range of hosts that a miner can potentially
exploit (Hering 1951). However, the high degree of specialization might actually be an artifact
produced as a result of poor investigation of most mining insects (Connor et al. 1980, Powell 1980).

Chewing Insects

Generally, insects feeding externally on leaves and needles come into minimal contact with their
host’s chemical defense. Among the chewing insects in this study, however, the monophagous species
constitute as large a proportion as the polyphagous species when compared over all conifer species
(32 percent and 36 percent, respectively).

However, most of the monophagous species are sawflies (Table 1) and sawflies are
predominantly monophagous, regardless of which type of plants they utilize (Hodkinson and Hughes
1982, Shaw 1984). Neither the apparency nor the nutrition hypothesis predicts this monophagy. In
contrast, the intimacy hypothesis does because conifer-feeding sawflies insert their eggs into the needles
of their host, and needle morphology is an important factor in determining oviposition success (Ghent
1959). The ability of females to find needles suitable for oviposition should therefore be strongly
selected for. A behavioral adaptation of this kind could be a major reason for the prevalence of
monophagy among needle-eating sawflies (Futuyma and Peterson 1985). Moreover, several conifer
sawflies have evolved the ability to "detoxify" the defensive compounds produced by their hosts (Eisner
et al. 1974, Larsson et al. 1986) and furthermore to use these substances in their own defense against
natural encmies (Eisner et al. 1974, Morrow et al. 1976, Boevé and Pasteels 1985). This may be
another reason why sawflies on conifers are so specialized. Thus the intimacy hypothesis is partially
supported in the sawfly case.

The predominance of polyphagy among chewing Lepidoptera accords with the predictions of all
three hypotheses. In two other studies including insects feeding on less apparent, more nutritious
plants, the proportion of polyphagous species was reported to be 54 percent and 32 percent (Holloway
and Hebert 1979, Hodkinson and Hughes 1982, respectively), whereas in this study it was 52 percent.
According to both the apparency and the nutrition hypotheses, however, one would expect relatively
more polyphagous insect species on conifers than on plants of lower apparency and higher nutritional
value. Thus one out of two comparisons with other studies supports these hypotheses. In principal, a
species may behave as a generalist either because every individual is generalistic or because the species
consists of specialized individuals or subpopulations (Van Valen and Grant 1970, Jaenike 1978, Singer
1983). For herbivorous insects there are many examples of specialization among individuals and
populations (Knerer and Atwood 1973, Fox and Morrow 1981, Singer 1983, Futuyma and Peterson
1985, Ng 1988). Lasiocampa quercus provides one such example in this study (Appendix B). Until
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more data have been accumulated on the nature of polyphagy in herbivorous insects, any general
conclusion would seem premature. Nevertheless, it is possible that "true polyphagy" (i.e. generalistic
individuals) is a rare phenomenon. For example, the cost of multiple detoxification systems might be
too great for individual insects (Karowe 1989).

Needle-Age and Degree of Specialization

According to the apparency hypothesis, young tissue should be protected by qualitative defenses
and thus there should be selection for specialization among insects feeding on such tissue. However,
there is no correlation between needle-age utilized and degree of host-plant specialization in our data
(Table 2). Results from studies of insects on deciduous trees support the apparency hypothesis (Cates
1980, Niemels 1983). This difference between conifers and deciduous trees with respect to degree of
specialization and utilized tissue-age could be due to the fact that young needles develop more slowly
than young deciduous leaves. Hence the absence of a correlation between needle-age and degree of
specialization could be due to small differences in apparency between young and old needles. Still,
there is evidence showing that young needles of jack pine (Pinus banksiana) and Scots pine contain a
resin acid that repels sawflies normally feeding on old needles (Ikeda et al. 1977 and Niemeld et al.
1982, respectively). It has yet to be determined whether other needle-eating insects are repelled by the
same substances (Buratti et al. 1990).

CONCLUSIONS

The applicability of the examined hypotheses to Swedish needle-eating insects can be summarized
in the following way. 1) Polyphagy predominates among chewing lepidopterans, thereby supporting all
three hypotheses. However, the many examples of specialized individuals among polyphagous insects
and the comparison of our results with those obtained in studies of macrolepidopterans on other plant
species weaken this support. 2) The absolute monophagy among sawflies supports the intimacy
hypothesis and may be attributable to the oviposition behavior of the female and the detoxification
ability of the larvae. 3) Although data on the mining insects also supports the intimacy hypothesis, the
impact of generalistic predators cannot be ruled out. 4) No correlation was found between utilized
needle-age and host-plant specialization, possibly because small differences in apparency exist between
young and old needles.

The data presented here supply very little support for the apparency and nutrition hypotheses.
In their defense, we readily acknowledge that they were never developed as explanations for host
specialization by phytophagous insects. For this reason, then, they are too general as we have
presented them. They treat herbivorous insects as a uniform group and do not distinguish between
feeding guilds. It has become more and more apparent that insect feeding guilds must be treated
separately if we are adequately to understand plant-insect interactions (Mattson et al. 1988, Cornell
1989, Larsson 1989). The intimacy hypothesis, which distinguishes between insect feeding guilds, is the
hypothesis given most support by the data obtained in our survey of the literature.

SUMMARY
The degree of host-plant specialization in needle-eating butterflies and moths (Lepidoptera),
sawflies (Hymenoptera, Symphyta), and beetles (Coleoptera) occurring in Sweden has been examined

based on data in the literature.

No general trend was found when all insects were considered. However, a closer examination of
certain feeding guilds revealed that 1) polyphagy is predominant among chewing Lepidoptera,



2) monophagy among the mining microlepidoptera and all sawfly species, and 3) oligophagy among
beetles.

No correlation was found between utilized needle-age and degree of host-plant specialization.

A comparison of the relative numbers of monophagous, oligophagous, and pquphagous insect
species on the three common conifers (i.e. Scots pine, Norway spruce, and juniper) in Sweden showc?d
that the frequencies of oligophagy are similar for each of the conifer species. However, the proportion
of monophagous species was found to be significantly greater in juniper than in pine and spruce.

These results are discussed with reference to hypotheses concerning patterns of host specificity in
herbivorous insects based on plant characteristics.
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APPENDIX A

Host-plant utilization, host range, utilized tissue-age, and feeding mode of
microlepidoptera feeding on Swedish conifers. Information on the occurrence
of individual species in Sweden was taken from Gustafsson (1979); reference
not provided.

Family Host Host Tissue Feeding

Species plants1 range® age mode™ References
Yponomeutidae

Argyresthia abdominalis Zell. Jun Mono ? M 1,2

A. arceuthina Zell. Jun Mono ? BM 1,2

A. aurulentella Stt. Jun Mono ? M 1,2

A. dilectella Zell. Jun Mono ? M 1,2

A. fundella F.v. Résl. Pic, (Abi) Olig Y+0 M 2,4,5

A. glabratella Zell. Pic Mono Y M 1,4

Blastotere bergiella Ratz. Pic Mono Y M 4

Cedestis gysseleniella Zell. Pin, (Abi) Olig 0 M 1,4,6

C. subfasciella Steph. Pin Mono 0 M 1,4,6,7

Ocnerostoma friesei Svensson Pin Mono ? M 1,7

O. piniariella Zell. PIN,Jun OligJ ? M 1,4,7,10
Gelechiidae

Dichomeris juniperella L. Jun Mono ? C 1

D. marginella F. Jun Mono 0? ] 1,3

Exoteleia dodocella L. Pin Mono Y(0) M 1,4,10,11
Momphidae

Batrachedra pinicolella Zell. Pic,Pin Olig ? M 1,3
Tortricidae

Acleris abietana Hb. PIN Olig  Y+0 ¢ 1,4,8,12

A. hyemana Haw. PIN,D Poly ? C 1,8

Aphelia paleana Hb. Pic,H Poly ? ? 1,8

A. viburnana Den. & Schiff. PIN,D,H Poly Y C 1,4,8

Archips oporana L. PIN,Jun Olig Y+0 c 1,4,6,12

A. podana Scop. PIN,D Poly Y+0 C 1,4,12

A. rosana L. Pic,D,H Poly ? C 1,4,5,10

Blastesthia posticana Zett. Pin Mono Y M 1,4,10

B. turionella L. Pin,H Poly Y M 1,4

Clepsis senecionana Hb. PIN,H Poly ? M 1

Cnephasia incertana Treit. PIN,H Poly ? M=C? 4,8

Epinotia caprana F. Pin,D Poly ? C 1,8

E. fraternana Haw. PIN Olig 0 M 1,4,8

E. nanana Treit. Pic Mono 0 M 1,4,10

E. nigricana H.-S. Abi, (Pic) Olig Y BM 1,4

E. pygmaeana Hb. Pic, (Abi) Olig Y(0) M=C 1,4

E. rubiginosana H.-S. Pin Mono ? M=C 1,8,10
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APPENDIX A continued

Family Host Host Tissue Feed%ng
Species plants range“ age mode™ References
E. subsequana Haw. Abi,Pic Olig Y M 1,4
E. tedella Cl. Pic Mono  (Y)O M 1,4,13
Olethreutus lacunana

Den. & Schiff. Pic,D,H Poly ? c 1,4,8
Pandemis cinnamomeana Treit. PIN,D,H Poly Y+0 C 1,3,4,12
Philedone gerningana

Den. & Schiff. Pic,D,H Poly ? C 1,3,8
Philedomides lunana Thnbg. PIN,D,H Poly ? C 1,8
Ptycholoma lecheana L. Pic,D Poly ? c 1,4
Rhyacionia buoliana

Den. & Schiff. Pin Mono Y(0) M(BM) 1,4,14
R. duplana Hb. Pin Mono Y BM 1,4
R. pinicolana Doubl. Pin Mono Y BM 1,4
R. pinivorana Zell. Pin Mono Y BM 1,4
Spilonota laricana Hein. Lar, (Pic) Olig Y M 1,4
Zeiraphera diniana Guen. Pic,Pin 0l* Y C(BM) 1,4,10
Z. ratzeburgiana Ratz. PIN Olig Y C(BM) 1,4

Cochylidae
Aethes rutilana Hb. Jun Mono ? C 1,9

Pyralidae
Dioryctria abietella

Den. & Schiff. PIN Olig Y BM 4
D. mutatella Fuchs Pin Mono Y BM 1,4
D. schuetzella Fuchs Pic,Abi Olig Y C 1,4

* The Picea-Pinus-race that might be a species (two other races exhibit other
host plant preferences)

1 Abi = Abies, Lar = Larix, Pic = Picea, Pin = Pinus, and Jun = Juniper; PIN =
several spp. within Pinaceae; D indicates that the insect species utilizes one
or several deciduous trees or bushes; H indicates that it utilizes one or
several herbaceous plant species.

2 Mono = monophagous, Olig = oligophagous, OligJ = feeding on some member of
Pinaceae and Juniper, and Poly = polyphagous.

3 Y = young tissue (buds and current-year needles) and O = old tissue
(1-year-old or older needles).

4¢ = chewing, M = mining in needles, BM = mining in buds (and/or shoots).

Arrows under Tissue-age and Feeding mode indicate that the insect shifts from
x*y when it becomes older.
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REFERENCES: 1) Winter (1983), 2) Escherich (1931), 3) Spuler (1913),

4) Schwenke (1978), 5) Schnaider (1976), 6) Tragardh (1915), 7) Hannemann
(1977), 8) Hannemann (1961), 9) Hannemann (1964), 10) Browne (1968), 11) Martin
(1959), 12) Patocka (1960), 13) Fihrer (1967), and 14) Pointing (1963).
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APPENDIX B

Host-plant utilization, host range, utilized tissue-age, and feeding mode of
macrolepidoptera feeding on Swedish conifers. Information on the occurrence of
individual species in Sweden was taken from Elmqvist et al. (1977); reference
not provided.

Family Host Host Tissue Feeding
Species plants1 range age mode References
Geometridae
Biston betularia L. Lar,Pic,D,H Poly ? c 1,2
Bupalus piniarius L. PIN Olig Y+0 c 1,3,4
Deileptenia ribeata Cl. PIN,D Poly ? C 1,3
Ectropis bistortata Goeze PIN,D,H Poly Y? o 1,3
Entephria caesiata
Den. & Schiff. Pin,D,H Poly ? c 1,2
Eupithecia conterminata Zell. Pic Mono 0? c 2,5
E. indigata Hb. PIN Olig Y c 1,3
E. intricata Zett. Jun Mono ? C 1,2,5
E. lanceata Hb. PIN Olig Y C 2,3
E. laricata Fr. Lar,Jun MonoJ Y? C 1,2,3
E. nanata Hb. PIN,H Poly ? C 1,2,6
E. pusillata
Den. & Schiff. PIN Olig Y+0 C 2,3,7
Gymnoscelis rufifasciata Haw. Pic,Pin,D,H Poly ? C 1,2
Hydriomena furcata Thnbg. Pic,Pin,D,H Poly ? C 1,3
Hylaea fasciaria L. Pin, (Pic),D Poly 0 C 1,3,8
Odontopera bidentata Cl. Pin,Abi,H Poly 0 C 1,2,3
Operophtera brumata L. Pic,D Poly Y C 1,2,3
0. fagata Scharf. Pic,D Poly Y C 1,2,3
Peribatodes secundaria Esp. Pic,Pin Olig (Y)0 C 1,3,7
Perizoma didymata L. Pic,Pin,H Poly ? c 1,2
Semiothisa liturata Cl. PIN,Jun OligJ 0 c 1,9,10
S. signaria Hb. PIN Olig 0] c 1,3
Thera cognata Thnbg. Jun Mono ? C 1,2
T. firmata Hb. Pin,Jun MonoJ 0 C 1,3,11
T. juniperata L. Pic,Jun MonoJ ? c 1,3
T. obeliscata Hb. PIN,Jun OligJ ? c 1,3
T. variata
Den. & Schiff. PIN,Jun OligJ Y+0 C 2,3,8
Lymantriidae
Lymantria dispar L. Lar,Pin,D,H Pol%* Y C 1,3,12
L. monacha L. PIN,D Poly Y+0**  C 1,3,12
Orgyia antiqua L. PIN,D,H Poly Y(0) c 1,2,3
Noctuidae
Acronicta rumicis L. Pic,D,H Poly ? c 1,2,13
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APPENDIX B continued

Family Host Host Tissue Feeding
Species plants1 range2 age mode References
Blepharita adusta Esp. Pic,Pin,H Poly 0 c 1,13
Ceramica pisi L. Lar,Pic,D,H Poly ? C 1,3,13
Panolis flammea

Den. & Schiff. PIN, (Jun),D Poly Y+0 c 1,3,14
Panthea coenobita Esp. PIN Olig 0 c 2,3,7

Lasiocampidae
Dendrolimus pini L. PIN Olig Y+0 C 3,15
Lasiocampa quercus L. PIN,D,H Pol* ? C 1,3
Macrothylacia rubi L. Pic,D,H Poly ? C 1,2
Selenephera lunigera Esp. PIN Olig ? c 2,3

Sphingidae
Hyloicus pinastri L. PIN Olig ? C 1,3,16

* Possibly ecological races with respect to host plant choice
** If on spruce, feeds as young larvae on young tissue and later as old larvae
on old tissue; if on pine, vice versa

1 Abi - Abies, Lar = Larix, Pic = Picea, Pin = Pinus, and Jun = Juniper; PIN =
several spp. within Pinaceae; D indicates that the insect species utilizes one
or several deciduous trees or bushes; H indicates that it utilizes one or
several herbaceous plant species.

2 Mono = monophagous, 0lig = oligophagous, 0ligJ = feeding on some member of
Pinaceae and Juniper, and Poly = polyphagous.

3y - young tissue (buds and current-year needles) and O = old tissue
(one-year-old or older needles).

4¢ - chewing, M = mining in needles, BM = mining in buds (and/or shoots).
Arrows under Tissue-age and Feeding mode indicate that the insect shifts from
x+y when it becomes older.

REFERENCES: 1) Winter (1983), 2) Nordstrém et al. (1941), 3) Schwenke (1978),
4) Engel (1939), 5) Hoffmeyer (1966), 6) Browne (1968), 7) Patocka (1960),

8) Escherich (1931), 9) Schwenke (1953), 10) Hofmann (1941), 11) Larsson and
Tenow (1980), 12) Trigardh (1939), 13) Forster and Wohlfahrt (1971),

14) Schwerdtfeger (1970), 15) Grénberg (1903), and 16) Nunberg (1939).
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APPENDIX C

Host-plant utilization, host range, utilized tissue-age, and feeding mode of
Hymenoptera, Symphyta feeding on Swedish conifers. Information on the
occurrence of individual species in Sweden was taken from Hedqvist (pers.
comm. ).

Family Host Host Tissue Feeding
Species plants range® age mode* ~ References
Pamphiliidae
Acantholyda erythrocephala L. Pin Mono (Y)o C 1,2
A. flaviceps Retz. Pin Mono Y+0 c 2
A. posticalis Mats. Pin Mono Y+0* c 1,2
Cephalcia abietis L. Pic Mono (Y)o C 2
C. arvensis Panzer Pic Mono Y0 C 2
C. erythrogastra Htg. Pic Mono Y+0 C 3
C. falleni Dalm. Pic Mono Y+0 c 2
Diprionidae
Diprion butovitschi Hedgqv. Pin Mono Y+0 c 2,3
D. pini L. Pin Mono Y-0 c 1,2,4
D. simile Htg. Pin Mono Y+0 c 1,2,5
Gilpinia frutetorum F. Pin Mono Y+0 C 1,2,4
G. hercyniae Htg. Pic Mono (Y)o c 1,2
G. pallida Klug Pin Mono Y+O0 c 1,2
G. verticalis Guss. Pin Mono Y+0 c 2,6
G. virens Klug Pin Mono Y+0 c 1,2
Microdiprion pallipes Fall. Pin Mono Y+0 c 1,2,7
Monoctenus juniperi L. Jun Mono Y+0 C 1,2
M. obscuratus Htg. Jun Mono Y+0 c 2
M. subconstrictus Thoms. Jun Mono Y+0 C 2
Neodiprion sertifer Pin Mono 0 o 1,2,4
Tenthredinidae
Pachynematus montanus Zadd. Pic Mono -0 C 1,2
P. scutellatus Htg. Pic Mono -0 c 1,2
Pristiphora abietina Christ. Pic Mono Y+0 C 1,2
P. ambigua Fall. Pic Mono Y+0 c 1,2
P. amphibola Férst. Pic Mono Y+0 o] 1,2
P. compressa Htg. Pic Mono =0 C 1,2
P. saxesenii Htg. Pic Mono -0 c 1,2
P. subarctica Forssl. Pic Mono Y+0 C 1,2

* Two forms, one feeding on young tissue and the other on old tissue
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1 Abi = Abies, Lar = Larix, Pic = Picea, Pin = Pinus, and Jun = Juniper; PIN =
several spp. within Pinaceae; D indicates that the insect species utilizes one
or several deciduous trees or bushes; H indicates that it utilizes one or
several herbaceous plant species.

2 Mono = monophagous, Olig = oligophagous, 0ligl = feeding on some member of
Pinaceae and Juniper, and Poly = polyphagous.

3y~ young tissue (buds and current-year needles) and O = old tissue
(one-year-old or older needles).

4¢ = chewing, M = mining in needles, BM = mining in buds (and/or shoots).
Arrows under Tissue-age and Feeding mode indicate that the insect shifts from
x-*y when it becomes older.

REFERENCES: 1) Winter (1983), 2) Schwenke (1982), 3) Hedqvist (pers. comm.),
4) Escherich (1931, 1942) 5) Monro (1935), 6) Hedqvist (1972), and 7) Eidmann
and Klingstrém (1976).
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APPENDIX D

Host-plant utilization, host range, utilized tissue-age, and feeding mode of
Coleoptera feeding on Swedish conifers. Information on the occurrence of
individual species in Sweden was taken from Ehnstrém (pers. comm.).

Family Host Host Tissue Feedzng
Species plants1 range“ age mode References

SPECIES IN WHICH LARVAE FEED ON NEEDLES AND/OR BUDS

Anobiidae
Dryophilus pusillus Gyll. PIN Olig Y c 1,2
Curculionidae
Anthonomus phyllocola Hrbst. Pin, (Pic) Olig Y? c 1,2
A. pinivorax Silfverb. Pic,Pin Olig Y C 1,2
Brachonyx pineti Payk. Pin Mono ? C 1,2
SPECIES IN WHICH IMAGINES FEED ON NEEDLES AND/OR BUDS
Scarabaeidae
Amphimallom solstitiale L. Pin,D Poly ? C 2
Cerambycidae
Monochamus galloprovoncialis O0l. Pin, (Pic) Olig ? c 1,2,3
M. sutor L. Pic,Pin Olig ? C 1,2
Chrysomelidae
Calomicrus pinicola Duft. Pin, (PIN) Olig 0 C 1,2
Cryptocephalus pini L. PIN, (Jun) OligJ Y? C 1,2
C. quadripustulatus Gyll. PIN Olig ? C 1,2
Syneta betulae F. Pic,D Poly Y c 1,2
Curculionidae
Anthonomus phyllocola Hrbst. Pin, (Pic) Olig ? c 1,2
A. pinivorax Silfverb. Pic,Pin Olig Y? c 1,2
Brachonyx pineti Payk. Pin Mono ? C 1,2
Brachyderes incanus L. Pin Mono ? C 1,2
Otiorrhyncus leoidopterus F. PIN Olig ? C 1,2
0. nodosus Mull. Pin Mon? ? C 1
0. scaber L. PIN Olig ? C 2
0. singularis L. PIN,D,H Poly Y(0?) c 2,4
Philopedon plagiatum Schall. Pin,Pic,D,H Poly ? c 1
Strophosoma capitatum de G. Pin,Pic,D,H Poly ? c 1
S. melanogrammum Forst. Pin,Pic,D,H Poly ? C 1
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1 Abi = Abies, Lar = Larix, Pic = Picea, Pin = Pinus, and Jun = Juniper; PIN =
several spp. within Pinaceae; D indicates that the insect species utilizes one
or several deciduous trees or bushes; H indicates that it utilizes one or
several herbaceous plant species.

2 Mono = monophagous, Olig = oligophagous, OligJ = feeding on some member of
Pinaceae and Juniper, and Poly = polyphagous.

3y~ young tissue (buds and current-year needles) and O = old tissue
(one-year-old or older needles).

4¢ = chewing, M = mining in needles, BM = mining in buds (and/or shoots).

Arrows under Tissue-age and Feeding mode indicate that the insect shifts from
x»y when it becomes older.

REFERENCES: 1) Ehnstrém (pers. comm.), 2) Schwenke (1974), 3) Hellrigl (1971),
and 4) Browne (1968).
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