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Abstract: A survey of the forestry literature shows that as the
age and area of coniferous forests decline, decreased conifer
seed production and increased frequencies of cone fatlures
can be expected. This would, in turn, cause declines in cross-
bills (Loxia), which specialize on the seeds beld in conifer
cones. In western North America, at least five different spe-
cies of Red Crossbills (L. curvirostra) bave recently been dis-
tinguisbed (Grotb 1990); eack specializes on a different spe-
cies or even a single variety of conifer (Benkman 1993).
Measures for conserving this diversity of crossbills include
Dprotecting mature and old-growtb stands, and increasing
rotation ages througbout the range of each of the required
conifers. These recommendations are not unique to cross-
bills, but rather the loss of crossbill diversity is another rea-
son o employ such measures,

Introduction

Specialist species are particularly vulnerable to extinc-
tion. Among the most specialized groups of birds are the
crossbills (Loxia), which are adapted for foraging on
seeds in conifer cones (Newton 1972; Benkman 19875,
19884, 1988b, 1993; Benkman & Lindholm 1991) and
whose survival and reproduction depend on the avail-
ability of conifer seeds (Newton 1972; Benkman 19874,
15884, 1990, 19924a). Crossbills also are a speciose lin-
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Explotacion forestal, coniferas Y conservacion de
piquituertos (“‘crossbills™)

Resumen: In estudio de la literatura forestal demostré que
cuando la edad y el drea de los bosques de coniferas decli-
nan, se puede esperar un decrecimiento en la produccién de
semtlias y un incremento en la frecuencia de fracasos de los
conos (pifias). Esto, a su vez, puede causar declinacion en
Diquituertos (Loxia), los cuales se especializan en las
semillas que se encuentran en los conos de coniferas. En el
oeste de Norte América, por los menos cinco especies dife-
rentes de Piquituertos Rofos (1. curvirostra) ban sido recién-
temente identificadas (Groth 1990); cada una esti especia-
lizada en una especie diferente 0 incluso en una variedad
Dparticular de coniferas (Benkman 1993). Medidas para con-
servar esta diversidad en piguituertos incluyen protejer
rodales maduros y de crecimiento antiguo e incremeniar la
edad de rotacién a lo largo del rango de cada una de las
coniferas requeridas. Estas recomendaciones no son vinicas
para los piquituertos, pero la pérdida de la diversidad de los
Diquituertos es otva raxdn para emplear tales medidas.

eage. What had previously been recognized as a single
species, the Red Crossbill (L. curvirostra) in North
America, consists of at least seven distinct species
(Groth 1990). Although the taxonomic basis for recog-
nizing these different crossbills at the species level is
still largely unpublished (but see Groth 1988), each spe-
cies differs in morphology, vocalizations, and ecology,
and several species commonly nest syntopically without
much interbreeding (Groth 1988, 1980; Benkman
1993). Moreover, most if not all of these species of
crossbill are adapted specifically for foraging on single
species of conifers, and in some cases just one variety of
conifer (Benkman 1989, 1993 ). For instance, in western
North America different species of Red Crossbill are
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adapted specifically for foraging on each of western
hemlock (Tsuga beterophyila), Douglas-fir (Pseudo-
isuga menziesti var. menziesii), lodgepole pine (Pinus
contorta var. latifolia), ponderosa pine (P. ponderosa
var. scopulorum), and possibly Sitka spruce (Picea
sitchensis) (Benkman 1993).

Undisturbed conifer forests were recently widespread
but now are among the most intensively exploited hab-
itats (Caufield 1990; McLaren 1990; Norse 1990; also
see Rosencranz & Scott 1992). For example, only
around 10% of the original old-growth forest in Wash-
ingron and Oregon may remain {Norse 1990), and most
second-growth on federal lands typically has rotation
ages of about 80 years (Brown 1985). Many industrial
forest lands are managed on a 40 to G0 year rotation
(J. F. Franklin, personal communication ). Consequently,
species dependent on mature conifer forests, such as
crossbills, will inevitably decline, with local and possi-
bly global extinctions.

Dependency on z single resource makes crosshills ex-
tremely vulnerable to habitat loss and alteration. Be-
cause the link between crossbills and their food re-
sources, conifer seeds, is so strong and clear (Newton
1972; Benkman 19874, 1990, 1992a), the conservation
strategy for crossbills is simplified (see Terborgh 1986).
Moreover, because the basic mechanisms influencing
crossbill ecology are well understood (Newton 1972;
Benkman 1987aq 1987b, 19884 1989, 1990, 1992a),
the general impact on crossbills of habitat alteration,
such as that from logging, can be anticipated; this is the
subject of this paper. Such predictive analyses are im-
portant, in part, because the actual status of nomadic
crossbill populations is difficult to assess and large de-
clines may go undetected. For example, during the early
1970s in Newfoundland there appears to have been a
severe decline of the formerly abundant and endemic
Newfoundland Crossbill (Benkman 1989, 19926; Pimm
1990). This decline was not noted until nearly twenty
years later, however, and only after I had predicted such
a result from the introduction (in 1963-1964) of red
squirrels (Tamiascturus budsonicus) onto Newfound-
land (Benkman 1989, 19928). Although I concentrate
on crosshills, the impact may be applicable to popula-
tions of numerous other conifer seed-eating animals
(see Smith & Balda 1979).

Temporal Variation in Habitat Quality

Logging at short rotation ages increases the domination
of forests by younger trees (Harris 1984 ), which, for at
least three reasons, greatly reduces cone and seed pro-
duction relative to mature or old-growth forests. First,
shorter rotation ages reduce the proportion of time a
given stand is capable of producing seeds {Fig. 1). Most
conifers begin producing cones (seeds) only after they
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Figure 1. The fraction of years a forest might pro-
duce cones in relation to rotation age. The different
curves represent different ages (30, 60, and 90 years)
after which cones are produced Although many co-
nifers begin producing cones after 30 years of age
(Fowells 1965), the smaller cone crop sizes and the
bigher frequency of cone fallures for younger trees
effectively shift the curve doun and to the right (to-
ward or below the 90 year curve),

are about 20 to 30 years old (Fowells 1965). Thus,
when rotation ages are 80 vears and trees produce
cones only after 30 years of age, the proportion of time
that an area may produce any seed is about five (62% )
out of eight years. The intervals between stand-
replacing disturbances such as fire or wind in unman-
aged stands in western North America are variable, al-
though they usually are greater than 80 years (sce
Habeck 1988; Peet 1988; Spies & Franklin 1988; Alaback
& Juday 1989). For example, west of the Cascade Range
many old-growth forests were older than 300 years
prior to logging, and many may have been older than
750 years (Spies & Franklin 1988). Assuming that stand-
replacing disturbances occur at intervals of 300 years,
and that 30 years is the minimum age for cone produc-
tion, unmanaged stands potentially produce seed at least
nine {90% ) out of every 10 years. Thus, short rotations
increase the proportion of the landscape that is of pre-
seed-production age.

Second, younger conifers produce smaller cone crops
than do older conifers. For example, an old-growth
stand of Douglas fir produces 20 to 30 times more cones
than a 50- to 100-year-old second-growth stand (Burns
& Honkala 1990). Maximum cone production for some
conifers is not reached until trees are 200 years of age
(such as the sugar pine [Pinus lambertiana; Fowells &
Schubert 1956] and Douglas fir [Fowells 1965]). In ad-
dition, smaller cone-producing trees in a stand fail to
produce cones more often than larger and presumably
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older trees (such as ponderosa pine and Douglas fir;
Fowells & Schubert 1956, Shearer 1986, Burns & Hon-
kala 1990). This reduces further the proportion of years
that harvested forests are productive for seed-eaters. In
the above example, a conifer that first begins producing
cones at 30 years of age may regularly produce many
cones only after 90 or more years of age (see Fig. 1).

Third, seed production by late successional conifers
will be especially reduced by short rotations. In the
Cascade Range, western hemlock tends to be a major
component only late in succession (Franklin 1988) and
is, therefore, often only a minor seed producer except in
old-growth forests. For example, in the Douglas fir—
western hemlock forest type in the Cascade Range of
Washington, western hemlock seed production in a
100-year-old stand (mostly Douglas fir) was less than
one two-hundredth of that in a nearby cld-growth stand
(Isaac 1943).

Crossbills are expected to benefit from mature and
old-growth forests because they produce many more
cones much more consistently over longer periods than
do regularly logged forests. Furthermore, the small cone
crops of younger forests may act as cone failures for
crossbills because they require a minimum seed abun-
dance to survive, with small cone crops less likely to
meet minimum energy requirements (Benkman 19874,
19924). Moreover, because the larger the cone crop the
more crossbills breed (Benkman 1990), the decline in
large cone crops should result in smaller rates of in-
crease after cone failures, and hence slower recovery
rates.

Spatial Variation in Habitat Productivity
Geographic Variation

Because cone production can vary so much annually
within a given area (Fowells 1965), special consider-
ations nced to be made to ensure that areas of abundant
cones are available every year. Years of good cone pro-
duction are usually followed by one to several years of
litle or no cone production; even the most regular
cone-producing conifers have occasional cone failures
(Fowells 1963). Moreover, large regions often fail to
produce many-—or any—conifer seeds during one to
several years in succession (see Harris 1962), so that
crossbills move out of these areas and concentrate
where cone crops are produced (see Benkman 1987a).
During many years, only a fraction of the total potential
range can support crossbills. Thus, a reserve or system
of reserves encompassing only a restricted geographic
area would be inadequate to support nomadic popula-
tions of crossbills continuously, and most crossbill pop-
ulations are nomadic. Indeed, bird species whose foods
irregularly fail in a given area (such as tropical fru-
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givores) tend to be “extinction prone” (Terborgh &
Winter 1980; also see Janzen 1986).

Climate influences cone crop production and failures
(Roeser 1942; Lowry 1966; Lester 1967; Smith & Balda
1979), hence areas experiencing similar climate are
more likely to produce cone crops or fail in synchrony
(see Kemp & Keith 1970). In western North America,
the mountainous terrain affects local climate so that
cone crop production is more likely to vary locally
(Bock & Lepthien 1976; Smith & Balda 1979). Never-
theless, cone crops can fail synchronously over large
mountainous regions (such as the Cascade Range of Or-
egon and Washington; Franklin et al. 1974),

The greater the number of distinct climatic regions
within a forest reserve, the lower the probability of a
complete cone failure. For example, six distinct regions,
each with an independent probability of cone failure of
one in three years (see, for example, Franklin et al.
1974), have a 0.0014 probability of synchronous cone
failure (0.333%). However, if only three of the regions
have mature forest, then the probability of synchronous
cone failure increases over 26 times to 0.037 (0.333%).
Compounding this further is that the frequency of small
cone Crops unable to support crossbills through the
winter likely increases in younger stands. If as a result of
logging the frequency of failure and of small cone crops
doubles, the probability that six distinct regions are syn-
chronously unable to support crossbills increases by
over G2 times from 0.0014 to 0.088 (0.666°). The de-
crease in distinct regions with mature forest and the
decline in forest age from logging both compound the
probability of synchronous and widespread cone fail-
ures, which are pernicious to crossbills (see Newton
1972 and Benkman 19884 for the effect of cone failures
on crossbills).

Local Variation

Even within a given region, only certain areas may be
favorable enough to maintain crossbills over many years
(source habitat, for example, [Pulliam 1988]). Areas that
consistently produce large cone crops and hold seeds
for extended periods most likely represent source hab-
itat for crossbills. Large cone crops result in high intake
rates for crossbills (Benkman 19874, 19875), which im-
proves their reproductive rates (Benkman 1990) and
presumably their survival (Benkman 1987a). The value
of reserves in protecting crossbills, therefore, depends
critically on the amount of productive land or source
habitat protected.

Unfortunately, for the same reasons habitats are most
productive for crossbills (edaphic characteristics and
climate favorable for cone production) they are likely to
be most productive for commercial interests and to be
intensively managed. In the Pacific Northwest, for ex-
ample, lowland forests are the most productive, and
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they have been largely logged (Norse 1990). Most of the
remaining old growth in the Pacific Northwest is at
higher elevations on steep slopes (Norse 1990). Here,
cone production is less than at lower elevations because
it often declines with increases in elevation (as in Doug-
las fir and ponderosa pine [Jacobsen 1986)). In fact,
most protected areas (such as wilderness areas) are con-
fined to higher elevations (Harris 1984 ), where conifers
likely produce fewer seeds than at lower elevations
where logging is permitted.

Habitat Fragmentation

As remnant forest patches become smaller and more
isolated and fragmented, many forest species decline
disproportionately relative to forest loss (Wilcove et al.
1986). Crossbills have been found to decline as forests
are fragmented (Helle 1985). However, their decline is
more likely in response to the concurrent decline in
forest age as a result of logging rather than to habitat
fragmentation per se (Helle & Jirvinen 1986). Forest
fragmentation is likely not as detrimental for crossbills,
which regularly may fly distances for greater than 1 km
(Benkman, personal observation), as it is for other old-
growth species (Norse 1990). Thus, local management
policies that account for more area-sensitive species
(such as the Northern Spotted Owl Strix occidenialis
caurian and Northern Goshawk [Accipiter gentilis])
would be adequate for crossbills.

Habitat fragmentation, nevertheless, may make cross-
bills more vulnerable to extinction by reducing the rate
at which suitable patches of habitat (those containing a
good cone crop)—are colonized. Levins (1969, 1970)
has shown that when extinction rates of local individual
populations exceed colonization rates, the species or
metapopulation may go extinct. Crossbills can be
thought of as being composed of many populations re-
peatedly colonizing patches of habitat containing good
cone crops, and then going extinct locally when the
cone crop fails. As patches become smaller and more
isolated, their rate of colonization by crossbills may de-
cline. Because a nomadic crossbill may need to colonize
many patches during its lifetime, even slight declines in
colonization rates can be important.

Evidence of Adverse Effects on Crosshills

As expected from much greater seed production in old
than young forests, Red Crossbills were more abundant
in older than in younger forests in Finland (Helle &
Jirvinen 1986) and in northern California (Raphael et al.
1988). In another stady, Red Crossbills were 30 times
more abundant in old-growth (325 to >500 years old)
than in younger (65 to 140 years old) forests during two
years of poor seed crops in the Cascade Range of south-
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ern Washington (Huff et al. 1991). Such a pronounced
difference occurred because the only conifer to pro-
duce seeds was the late-seral (at least in this forest type)
western hemlock, and it was of cone-producing size and
age only in the old-growth forests (Manual & Huff 1987;
Huff et al. 1991; see previous discussion),

Although this system has not been modeled, dimin-
ished cone production and the increased isolation of
productive habitats as 2 result of logging will likely re-
sult in declines of crossbills even within mature forests
(see Fahrig 1992). Consequently, crossbill abundance
should decline disproportionately to forest loss. Evi-
dence of declines in crossbills that are disproportionate
to the loss of habitat has been found in northern Finland:
as the proportion of land containing older forests (>121
years old) diminished by 27% between the early 1950s
and 1970s because of clear-cutting, Red Crossbills de-
clined by 75% (Viisinen et al. 1986). Viisinen et al.
(1986) also present evidence that crossbills declined
even within an unaltered forest.

In sum, older forests tend to support more crossbills
than do younger forests, and as the proportion of the
landscape containing older forests declines, crossbills
decrease disproportionately in abundance. This could
have been anticipated from our knowledge of the natu-
ral history of crossbills and of conifer seed production.
We should anticipate that if the extent and frequency of
logging increases, crossbills will continue to decline and
will become increasingly vulnerable to environmental
and demographic stochasticity and to losses to genetic
variability (see Lande 1988).

Conclusions and Recommendations

Protecting nomadic populations of crossbills presents
some of the same challenges confronted in the conser-
vation of migratory species (Myers et al. 1987), where
species often concentrate in small areas during their
annual cycle. However, protecting nomadic species
such as crossbills represents a more formidable chal-
lenge because critical habitats are more difficult to rec-
ognize since they may be used only once every several
vears, with different areas crucial during different years.
Nonetheless, several practices would aid crossbills and
other conifer seed—ecating animals.

First, as a general rule, the amount of old-growth for-
est should be maximized simply because it is consis-
tently the most productive for crossbills. In areas where
littte old growth remains (such as Siuslaw National For-
est in coastal Oregon [Harris 1984)), second-growth
should be protected and allowed to mature. Especially
beneficial to the crossbills specialized on Douglas fir and
western hemlock is the recent proposal to protect an
additional 2.4 million ha of US. Forest Service and Bu-
reau of Land Management lands in northern California,
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western Oregon, and western Washington to protect
the Northern Spotted Owl (Thomas ct al. 1990).

Second, rotation ages of managed forests need to be
lengthened. In western North America, the proportion
of lands logged and the rotation ages set by the US.
Forest Service and Bureau of Land Management will
have a profound impact on crossbill populations, be-
cause these two agencies control most of the federal
forests required by crossbills (see Crumpacker et al.
1988). A similar arrangement exists in Canada, where
even less old-growth forest is protected from logging
than in the United States (for example, only about
17,600 ha of old-growth Sitka spruce—western hemlock
forest were protected in British Columbia as of 1987
[Roemer et al. 1988; see also Beebe 1991]).

Third, mature trees should be left in cutover areas (as
in partial cuts; see Franklin & Spies 1991). This will act
to increase the proportion of the landscape containing
trees of cone-bearing age. Furthermore, the remaining
trees, released from competition, may then produce
larger cone crops (see Fowells 1965). However, be-
cause cross-pollination and the number of full seeds per
cone declines as mature tree density decreases (Smith
ct al. 1988), there will be a lower limit to tree density
below which crossbills cannot be supported in the long
term. :
Fourth, because geographically separated areas often
produce cone crops asynchronously, a geographically
limited reserve of each forest type, (such as spruce-
hemlock forest) will be inadequate for protecting no-
madic populations of crossbills. Forest reserves should
be located among as many distinet climatological re-
gions as possible to avoid synchronous cone fajlures
among all areas, and to minimize the risk from catastro-
phes (see, for example, Walters 1991). Tree seed zones,
each of which represent different climates and eleva-
tions, represent such distinct regions {Schopmeyer
1974). Information on geographic variation {(morpho-
logical or phenological) in conifers can also be used in
determining favorable distributions of forests, because
morphological variation is correlated with climate
(such as ponderosa pine [Fowells 1965] and Douglas fir
{Sorensen & Miles 1978]). The policy to protect forest
tracts throughout the Northern Spotted Owl's range
(Thomas et al. 1990) will reduce the likelihood of a
complete cone failure in the Pacific Northwest.

Fifth, reserves should encompass productive forests.
This will be difficult where commercial interests are
powerful. For example, in the Cascade Range the most
preductive areas are low-lying valleys, of which few are
protected (Norse 1990).

Last, aiding secd-eating animals will seem heretical to
silviculturalists, who have invested a considerable
amount of energy eradicating these animals (see Fowells
1965). However, by increasing rotation intervals, we
enhance seed production and especially the occurrence
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of large cone crops. Because the greatest fraction and by
far the greatest number of seeds remain uneaten during
large cone crops (see Fowells & Schubert 1956), they
are the most critical for natural regeneration. By increas-
ing rotation ages (and the amount of old growth) we
can increase the occurrence and extent of large cone
crops and thereby protect the great diversity of conifer
seed—eating animals (see Smith & Balda 1979).
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