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Barcoding

Abstract

Populations of many shark species are in decline, partly due to their
capture for the shark fin trade. Identification to species level of shark
fins is often difficult or impossible using morphological traits, but ge-
netic markers can facilitate unambiguous delineation. DNA barcoding
— the sequencing of a 650 bp region of the cytochrome oxidase I gene
of the mitochondrial DNA molecule — enables the ready separation of
about 97% of all shark and ray species. Here the process of DNA bar-
coding is briefly outlined, and the approach applied to the assessment
of a catch of illegally taken shark fins. Eighteen of these fins failed to
yield a chondrichthyan sequence, but the remaining 193 fins could be
identified as comprising 27 different species of sharks and rays. DNA
barcoding will be increasingly recognised as an important tool for fo-
rensic identification of animals and animal products.

Introduction

Escalating demand for shark fins is leading to the deaths of increasingly large
numbers of sharks. Often, this finning is done on board the fishing boat, and
the shark trunks discarded over-board. Trunks are discarded as they do not
have the high value of the fins and occupy valuable ship space; in addition,
cold-storage facilities may not be available so that the trunks might turn pu-
trid in often warm and humid environments.

The size of the shark fin business is huge, but the illegal, unregulated or
unreported (IUU) nature of much of the catch precludes precise recording
of catch numbers. A recent study (Clarke et al. 2006) of the largest shark fin
market, Hong Kong, gave a fishery-independent estimate of the global shark
catch for fins which was substantially higher than that in the database of the
Food and Agriculture Organisation (FAO). The fishery-independent estimate
was some 1.7 million tonnes of fins per year (38 million individuals), com-
pared with FAQO figures in the range of 0.4 to 0.6 million tonnes per year (FAO
2005). The large disparity may be due to a combination of unrecorded land-
ings, mis-recording of data in non-shark categories, and/or a high frequency
of shark finning and carcase disposal at sea.

Populations of sharks and rays are more susceptible to fishing mortality
than teleosts, as elasmobranchs generally mature late, have long life spans,
and give birth to few (but well-developed) offspring. It is not surprising there-
fore that there have been reported declines in shark populations (Baum et al.
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Freshly removed fins
of thresher sharks
being sorted in a
processing area in
Cilacap, Central Java
(Indonesia). Photog-
rapher: Will White.

2003; Ward and Myers 2005), declines
which are likely to be exacerbated by
rapidly growing Asian economies lead-
ing to a burgeoning demand for shark
fins. Initially only a few oceanic pelagic
sharks were targeted, but growing de-
mand has led to a wider range of target
species. The global status of 21 oceanic
pelagic shark and ray species was re-
cently assessed (Dulvy et al. 2008), and
16 of these were classified as Threat-
ened or Near Threatened using IUCN
Red List criteria.

Species-level identification of har-
vested individuals is critical for the de-
velopment and deployment of protocols
for sustainable fisheries management.
However, one of the issues faced when
grappling with the extent and likely
impact of shark catches is the relative
paucity of good species-specific data.
Only 15% of all shark catches reported
to FAO were recorded by species name
(Lack and Sant 2006). Morphologically
similar species are often pooled in catch
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data. Carcasses processed at sea can be
difficult to identify at port if body parts
with key identification features have
been removed. Removed shark fins are
especially difficult to attribute to spe-
cies.

Molecular methods have long been
used in identifying individual fish or
parts of fish. DNA-based tools have
largely replaced protein-based ap-
proaches for this, as DNA sequences
can be obtained from minute tissue
fragments, remain constant from tissue
to tissue, and from egg to adult, permit-
ting the identification of any life-histo-
ry stage or any tissue fragment. There
are several different DNA protocols
that can be used, including restriction
fragment length polymorphism analy-
sis (e.g. Heist and Gold 1999), species-
specific probes (e.g. Shivji et al. 2002),
and DNA microarrays (e.g. Kochzius et
al. 2008). Here we focus on a sequence-
based approach, DNA barcoding, as a
new and effective method for reliable
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shark fin identification.

DNA barcoding

DNA barcoding (Hebert et al. 2003) is
really shorthand for species identifica-
tion by DNA sequencing, the chosen
barcode region for animals being a 650
bp region of the mitochondrial cyto-
chrome oxidase I gene (COI). Where
DNA barcoding differs from earlier uses
of sequencing for species identification,
is its advocacy of a single, uniform gene
region. Previously, different studies or
laboratories had used a variety of genes
or gene regions, hindering the establish-
ment of an effective sequence library for
identification of a wide variety of spe-
cies and taxa. This now exists for DNA
barcoding as the web-based Barcode
of Life Database (BOLD, www.barcod-
inglife.org, Ratnasingham and Hebert
2007). BOLD now allows some markers
to be used in addition to COI including
the chloroplast markers matK and rbcL
for plants (where COI performs poorly
in species discrimination).

BOLD is more than just a database
holding the DNA barcodes from ref-
erence material (together with associ-
ated specimen data, photographs and
sequence trace files). It also includes
analytic modules (such as clustering
algorithms) allowing some preliminary
examinations of sequence similarities,
and an Identification Engine enabling
an unknown sequence to be pheneti-
cally matched against the entire BOLD
database.

DNA barcoding using COl is a pow-
erful tool for fish species identification
(Ward et al. 2005; Hubert et al. 2008;
Steinke et al. 2009), and a global net-
work for barcoding every fish species
has been established (FISH-BOL, www.
fishbol.org, Ward et al. 2009). Of the
31,000 or so fish species that have been
described (Eschmeyer & Fong 2009),
more than 7,300 (November 2009) have
now been barcoded, from more than
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50,000 specimens. It is worth pointing
out that all developed and most devel-
oping countries would now have ready
access to molecular laboratories that
can do this work; alternatively tissue or
DNA can be sent to external laborato-
ries for sequencing.

Once the reference database has
been established, DNA barcoding al-
lows the identification of adults, juve-
niles, larvae and eggs, as well as tis-
sue fragments (such as fin clips) and
even some cooked product (Smith et
al. 2008). DNA barcoding is primarily
intended as an identification tool, but
its potential uses go beyond that. Deep
genetic divergences within the same
nominal fish species may well signal
unrecognised, cryptic species (Ward et
al. 2008a; Zemlak et al. 2009), findings
which will require taxonomic expertise
to resolve. It is important in develop-
ing the database that wherever possible
vouchers of barcoded specimens are
retained in museums, as this will help
resolve such issues, as well as inadver-
tent initial misidentifications. BOLD is
a workbench comprising both public
(mostly published) and private (unpub-
lished) studies, and inevitably some of
the latter projects contain a few mis-
identifications or mis-labelings await-
ing correction.

DNA barcoding sharks and rays
For DNA barcoding to function as an
identification tool, each species has
to have a unique barcode or a cluster
of closely-related barcodes which are
unambiguously distinguishable from
those of all other species. The refer-
ence barcode database also has to be
as complete as possible, as unknown
specimens not represented in the spe-
cies database will either not be able to
be identified, or, conceivably, could be
misidentified.

DNA barcoding is known to work
well for sharks and rays. In a study of

Endangered Species UPDATE
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Dried and packaged
shark fins in Jakarta
(Indonesia). Photog-
rapher: Simon Vieira.

210 chondrichthyan species, only two
species (Urolophus sufflavus and U. cru-
ciatus) could not be separated (Ward
et al. 2008b). However, a few species
were very similar to one another. For
example, Carcharhinus limbatus, C. til-
stoni and C. amblyrhynchoides can some-
times be hard to discriminate. In gen-
eral, it appears that about 97% of shark
and ray species can be separated by
COI barcoding. At the time of writing,
FISH-BOL included records from 511
elasmobranch species (46% of the 1114
then recognised shark and ray species)
and from 24 holocephalans (52% of the
46 then recognised species). It is possi-
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ble that some of the species that cannot
be distinguished using COI barcodes
might be separated by a more variable
gene region, such as the control region
of mitochondrial DNA: this needs fur-
ther study.

Identification of shark fins by DNA
barcoding

The ability of DNA barcoding to iden-
tify species of shark fin was examined
by Holmes et al. (2009), from a batch of
fins confiscated from a vessel fishing il-
legally in Australia’s northern waters.
Only left pectoral fins were examined,
to prevent the possibility of the same

Vol. 26 No. 1 & 2 2009



individual being sampled more than
once. Two hundred and eleven fins
were tested, 18 of which either did not
yield a product that could be sequenced
or gave a microbial contaminant se-
quence. It is likely that had further time
been available, these 18 fins would have
eventually yielded an identifiable chon-
drichthyan sequence. Each of the 193
fins (91.5%) that did give a chondrich-
thyan sequence could be matched to a
single species in the reference database.
Twenty species of sharks and seven spe-
cies of ray were recognised (Figure 1).
Two of the fins gave an identical bar-
code that was not initially represented
in the reference database and therefore
could not at that time be identified; sub-
sequently as the database expanded,
these fins were recognised as those of
Rhinobatos typus (giant shovelnose ray).
One of the species, Anoxypristis cuspi-
data (narrow sawfish), represented by
six specimens, is recognised as critically
endangered on the IUCN (World Con-
servation Union) Red List, and eleven
more of these species are listed as Near
Threatened in Australian waters.

25

In this study, fins were assigned to
species through a combination of simi-
larity matching of fin barcodes to refer-
ence barcodes, and by bootstrapping fin
barcodes and all then-existing reference
Australasian chondrichthyan barcodes
in a neighbour-joining tree. This ap-
proach was satisfactory for these speci-
mens. However, it has been argued that
such a phenetic distance-based analy-
sis loses valuable information and that
a character-based approach, assessing
the presence or absence of diagnostic
nucleotides, may be more powerful
(DeSalle et al. 2005; Waugh et al. 2007).
Such a method has been tested on an
elasmobranch dataset and found to be
generally successful (Wong et al. 2009).
Indeed, character-based analysis was
found to be much more successful than
distance-based analysis in correctly
identifying tuna sushi samples from
species of the very-closely related ge-
nus Thunnus (Lowenstein et al. 2009). In
future identification studies of sharks
and rays, phenetic-based and character-
based approaches may well comple-
ment each other and help to resolve any

20
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Figure 1:

Catch composition of 193

confiscated fins from
northern Australian
waters.
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ambiguities resulting from a single ap-
proach alone.

Concluding Remarks

The establishment of a single DNA bar-
code database for animals, based on
the use of a uniform gene region, will
be extremely useful for the identifica-
tion of whole or fragmentary parts of
animals. Exactly how a sequence from
an unknown specimen should be best
matched against that database is still
somewhat controversial, but no doubt
suitable software will shortly be avail-
able. Perhaps this will be a combination
of distance-based and character-based
methods.

Here the focus has been on the use
of DNA barcodes for identifying shark
fins. But of course the approach can be,
and is being, used to identify a broad
range of species, including threatened
species. Some recent examples include
seafood market substitutions (Wong
and Hanner 2008), commercially-trad-
ed bush meat (Eaton et al. 2009), tur-
tles (Naro-Maciel et al. 2009) and birds
(Kerr et al. 2007). It also is an effective
species delineator in most invertebrate
taxa, but is a separate topic!
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Species at Risk:
Golden Eagle Predation on Arid-Land
Foxes

The Golden Eagle (Aquila chrysaetos) in California typically inhabits grass-
land foothills with scattered oaks (Quercus sp.), sycamores (Platanus racemo-
sa), or large gray pines (Pinus sabiniana), with sustainable California ground
squirrel (Spermophilus beecheyi) and black-tailed jackrabbit (Lepus californicus)
populations, either along the Coast Range or the Sierra Nevada (Grinnell and
Miller 1944). The Golden Eagle is federally protected under the Bald Eagle
Protection Act of 1962 (U.S. Fish and Wildlife Service 1978). Nearly 70% of
direct and indirect Golden Eagle deaths are from accidental trauma, such as
collisions with vehicles, power and transmission lines, and other structures,
such as wind turbines (Kochert et al. 2002). Poisoning, electrocution, and il-
legal shooting also take their toll on Golden Eagles. Loss and destruction of
habitat due to wildfires and human developments have caused loss of shru-
blands that support jackrabbits and have led to a decline in Golden Eagle
populations (Kochert et al. 2002).

Also associated with these rolling grassland habitats are several carni-
vore species, including the federally endangered San Joaquin kit fox (Vulpes
macrotis mutica — U. S. Fish and Wildlife Service 1998). In the literature, there
are reports of predation of fox species by Golden Eagles, including Channel
Island gray foxes (Urocyon littoralis) and the swift fox (Vulpes velox) of the
Great Plains. If Golden Eagles are known to prey on these species, it is also
likely that they prey upon the San Joaquin kit fox in California. Herein I re-
view the literature regarding predation of arid-land foxes by Golden Eagles
and its applicability to eagle-fox interactions within the Central Valley of
California.

Golden Eagles are strong birds and have been known to kill ungulates,
including mountain sheep (Ovis Canadensis — Bleich et al. 2004). One bird can
carry up to 3.5 kg in flight (Kochert et al. 2002), and can easily take a coyote
pup (Ingles 1965). Golden Eagles have also been known to take domestic
calves (Phillips et al. 1996). Kit foxes, which weigh 2.3 kg on average, do
not seem to be a challenge for this powerful raptor. However, the literature
is sparse in documenting kit foxes and other arid-land fox species as prey
items, either because it has not been a common research objective, or these
interactions are infrequent, and when observed, are not being reported.

Golden Eagles are typically diurnal whereas kit foxes are nocturnal, pro-
viding an unexpected predator-prey interaction. In the northern range of the
San Joaquin kit fox (Alameda, San Joaquin, and Contra Costa counties), a com-
mon prey item for the fox is the California ground squirrel which is a diurnal
species (Orloff et al. 1986). The lack of well-distributed and abundant kanga-

10 Endangered Species UPDATE Vol. 26 No. 1 & 22009



roo rat (Dipodomys sp.) populations has
likely led the kit fox to prey-shift to the
ground squirrel, which makes the fox
vulnerable to diurnal aerial predators
(Clark et al. 2007).

The northern range of the kit fox
also occurs in ideal Golden Eagle habi-
tat. The rolling oak savannah habitat of
the northern range has been reported
to support the highest density of Gold-
en Eagles in the world (Franklin et al.
1998, Hunt et al. 1998). The additional
predatory pressure of Golden Eagles
on kit foxes in the northern range may
contribute to the currently declining
San Joaquin kit fox populations in that
portion of California (Clark et al. 2007),
although this is conjectural. In the past,
Grinnell et al. (1937) documented Gold-
en Eagle predation on San Joaquin kit
foxes in Fresno County. Arthur Oliver,
a trapper interviewed by Grinnell, stat-
ed that trapped foxes were sometimes
destroyed by Golden Eagles, which also

Vol. 26 No. 1 & 2 2009

occasionally took adult free-roaming
foxes.

In the 1980s, portions of the north-
ern kit fox range were targeted for an
extensive rodent poisoning campaign,
which left large expanses of grassland
devoid of the California ground squir-
rel for many years (Orloff et al. 1986).
The loss of this prey item during this
time period, as well as the elimination
of most of the highest quality habitat for
the kit fox through agricultural conver-
sion and urbanization, led to a disrup-
tion in the demographics of the species,
making a full recovery of the species in
the northern range a challenge. Gold-
en Eagles, too, depend on California
ground squirrels for food, and a decline
in the squirrel population would have
led to prey-switching in Golden Eagles
as well. It is unknown if kit foxes were
frequently targeted as a prey item dur-
ing this poisoning campaign.

The Channel Island gray fox has a

San Joaquin kit fox
(Vulpes macrotis mu-
tica). Photo by Brian
Cypher, western Kern
County.

Endangered Species UPDATE 11
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similar weight range as the kit fox, and
it too has fallen victim to Golden Eagle
predation (Collins et al. 2009). Histori-
cally, Bald Eagles (Haliaeetus leucoceph-
alus) were the primary raptor on the
Channel Islands, but were reduced to a
dozen or so breeding pairs by the 1950s
due to DDT and thinning egg shells, and
were eventually extirpated from the is-
lands. The open niche led to the occu-
pation of the Channel Islands by Golden
Eagles, which initially fed on the non-
native pig (Sus scrofa) which had been
introduced to the islands in the 1850s;
however, they quickly learned that is-
land foxes, having no natural enemies,
were easier to catch than the pig. With-
out the pigs, the Golden Eagles likely
would not have stayed long enough to
discover the easily caught island fox
(Roemer et al. 2001, 2002; Coonan et
al. 2005). This example illustrates that
at least under certain circumstances,
Golden Eagles can regulate and deplete
a population of a small fox species.
Foxes of the Great Plains of the Unit-
ed States, such as the swift fox, have also
been preyed upon by the Golden Eagle.
Pfeifer and Hibbard (1970) report that
Golden Eagles had eaten the rear por-
tion of a male swift fox carcass in North
Dakota; this indicates that Golden Ea-
gles scavenge swift foxes. Another male
swift fox in South Dakota was partially
consumed by a Golden Eagle while still
in a trap (van Ballenberghe 1975). At
times, eagles have been suspected of
taking swift foxes in Kansas (Chambers
1978), Wyoming (Madson 1987), and
Canada (Herrero 1985), but direct evi-
dence was not always available.
During other studies, direct preda-
tion of swift foxes has been confirmed
by examining physical evidence left be-
hind. In Canada, Herrero et al. (1991)
lost two study animals due to Golden
Eagles. Moehrenschlager et al. (2007)
lost 13 Canadian study animals be-
tween 1995 and 1997. Their study also
included kit foxes in Mexico, and one
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eagle was observed on the ground at-
tempting to reach a kit fox caught in a
trap. Mollhagen et al. (1972) and Olen-
dorff (1976) surmised that adult kit fox-
es were taken as prey by Golden Eagles
in Texas and New Mexico because kit
fox prey remains were found in eagle
nests. In a Golden Eagle nest invento-
ried for prey remains in Mongolia, red
fox (Vulpes vulpes) and corsac fox (V. cor-
sac) remains were discovered (Ellis et al.
1999). The authors suggest that the take
of 27 foxes by Golden Eagles is “not so
much a preference for foxes, but rather
that populations of more normal prey
were depressed at this site” (Ellis et al.
1999).

Due to significant land conversion
to agriculture and urban uses in the
northern Central Valley of California,
the remaining habitat suitable for San
Joaquin kit fox occupation lies along
the western edge of the Valley (U.S. Fish
and Wildlife Service 1998); an ecotone
between the Central Valley’s agricultur-
al matrix and upland annual grassland,
which is also known to support Golden
Eagles. Intraguild predation and be-
havioral interactions between arid-land
foxes and Golden Eagles are rare in
the literature, likely because observing
these interactions are difficult to make
when foxes occur in low densities on
the landscape. Moreover, these associa-
tions were likely uncommon prior to hu-
man encroachment and development of
the Central Valley for two reasons. (1)
Golden Eagles tend to remain in upland
areas, even where grasslands are avail-
able on flatter terrain. (2) Kit foxes, pri-
or to human conversion and settlement
of the Central Valley, occurred on the
valley floor in robust and sustainable
densities. Therefore, these two species
likely did not interact much historical-
ly. Kit foxes are now restricted to high
quality Golden Eagle habitat, especially
in the northern range, and eagle-fox in-
teractions are potentially greater than
they were in the past. More research on
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Golden Eagle predation on imperiled
foxes, such as the kit fox, swift fox, and
island gray fox, is needed to determine
the impacts on fox population dynam-
ics, predation avoidance behaviors,
and other ecological variables, such as
prey population cycles, especially when
available habitat where both species
currently co-occur is becoming increas-
ingly rare in California.
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Abstract

The Karner blue butterfly (Karner blue) [Lycaeides melissa samuelis] was ex-
tirpated from the oak savanna of Ohio, USA in 1989, and the butterfly was
later reintroduced with little knowledge about how Karner blues respond to
habitat management. While burning maintains the oak savanna habitat of the
Karner blue, the consequences of burning on the butterfly remains unknown.
The objective of our study was to determine the effect of prescribed burn-
ing on Karner blues. Each of the four study sites had host-plants of which
1/3 were burned, 1/3 were mowed, and 1/3 were left unmanaged each year.
These treatments had been rotated within each site, to create a chronological
order of succession (0-4 years since burning). We used surveys and behav-
ioral observations to determine the effect of management on Karner blues.
Our survey results showed Karner blues were not consistently selecting for
management treatments. However, the oviposition rate in the unmanaged
treatments was so low that only 5 of 127 eggs were oviposited in these treat-
ments. Overall, the management strategy allowed for Karner blues to recol-
onize burned treatments and provided butterflies with the opportunity to
make behavioral decisions that could potentially maximize their reproduc-
tion. In conclusion, we recommend burning oak savanna on a 3-4 year inter-
val based on the Karner blue’s lack of reproduction in savanna left unburned
for >4 years.

Introduction
The Karner blue butterfly (Karner blue) [Lycaeides melissa samuelis] is one
of the first insects of conservation concern to be reintroduced in the United
States (Figure 1). The Karner blue is an endangered species that inhabits early
successional oak savanna and pine barrens ranging from New Hampshire to
Wisconsin. The Karner blue is limited to an average lifespan of only 3.5 days
(Knutson et al. 1999) and has a wingspan of about 2.5 cm. This small butterfly
has two distinct broods per year with separate generations of adults flying
in May and July. Much of the ecology of the Karner blue revolves around the
fact that it is a larvae host-plant specialist that relies solely on wild blue lu-
pine [Lupinus perennis], which lives in disturbed areas and nutrient poor soils
associated with fire-prone ecosystems (U.S. Fish and Wildlife Service 2003).
The reasons for the butterfly’s endangered status stem from massive
land use changes associated with agriculture and extensive fire suppression
throughout the 1900s. Fire is well known to be critical to maintain the oak sa-
vanna community (Davis et al. 2000; Peterson & Reich 2001), and many of the
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Female Karner blue butter-
fly getting ready to oviposit
on its host-plant, wild blue
lupine.

rare, early successional species depend
on fire to create proper habitat condi-
tions. In particular, the Karner blue once
inhabited the oak savanna of the Mid-
west, which has largely been converted
to either agricultural lands or oak for-
ests due to decades of fire suppression.
In fact, only about 0.02% of historic oak
savanna remains in the Midwest (Nuz-
z0 1986), and this ecosystem is home to
many plants, insects, and birds of high
conservation concern in the region (e.g.
lark sparrow [Chondestes grammacus],
red-headed woodpecker [Melanerpes
erythrocephalus], frosted elfin [Callophrys
irus], and hundreds of rare plant spe-
cies).

In Ohio, the Karner blue was ex-
tirpated in 1989 . The cause of extirpa-
tion remains unknown, but it was likely
a result of dramatic habitat loss due to
fire suppression, agriculture, and de-
velopment. The resulting small popu-
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lation was then subject to
poor weather conditions (i.e.
drought), and this probably
eliminated the final few Karn-
er blues in Ohio. After years
of its absence from the region,
a group of experts studied
the possibility of reintroduc-
ing the species into northwest
Ohio. Finally, in 1998, the To-
ledo Zoo, The Nature Conser-
vancy, and the Michigan and
Ohio Departments of Natural
Resources decided to capture
first brood Karner blues at
Allegan State Game Area in
Michigan (Figure 2), breed
them in captivity at the Toledo
Z00, and then release the but-
terflies into the wild in Ohio
during their second brood.
The methodology included
bringing butterflies into cap-
tivity, assuring proper breed-
ing, and collecting oviposited
eggs on host-plants within a greenhouse
environment. One particular area was
deemed most suitable for the Karner
blue which was located at The Nature
Conservancy’s Kitty Todd Preserve in
Lucas County, Ohio. At this preserve,
The Nature Conservancy owns one
of the largest pieces of oak savanna in
Ohio. The Nature Conservancy had also
instigated a prescribed burning program
over the past several years prior to the
butterfly’s return. Additionally, the most
well known factors affecting the but-
terfly, canopy cover and the presence of
wild blue lupine, appeared most suitable
at the Kitty Todd Preserve. The first re-
introduction took place at one site with-
in Kitty Todd Preserve in 1998. From
1998 to 2004, over 1500 Karner blues
were released into the oak savanna.

|
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Of course, prescribed burning of
occupied Karner blue habitat was not
the first priority after reintroducing the
butterfly, since it might actually jeopar-
dize the only Karner blue population in
Ohio, There appeared to be a trade-off
between the short-term negative effects
of burning butterfly habitat (i.e. poten-
tially killing eggs) and the long-term
benefits of maintaining early succes-
sional oak savanna and the butterfly’s
host-plant. Therefore, prescribed burn-
ing was initially used sparingly. This
management strategy was likely a result
of the lack of available information on
how Karner blue individuals would re-
spond to prescribed burning and how a
relatively small population might be af-
fected. However, the oak savanna con-
tinued to degrade into late successional
habitat without burning and the further
loss of wild blue lupine was likely in-
evitable. In 2001, an active fire program
was reinitiated in Karner blue occupied
habitat (Figure 3).

For these reasons, Dr. Karen Root
and I initiated a study at Bowling Green
State University to investigate the con-
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While methods
such as performing surveys are difficult
to interpret due to annual differences
in abundance and small sample sizes,
the behavior of an organism can rap-
idly provide insights into the perceived
habitat quality of management treat-
ments. The quantification of both but-
terfly abundance and reproductive rates
within management treatments had the
potential to determine the usefulness of
these habitats.

Methods

A thorough review of our methodol-
ogy and results can be found in Pickens
and Root (2009); a brief overview fol-
lows. Four distinct Kitty Todd sites had
Karner blues, and each site had approxi-
mately 1/3 of the host plants burned,
1/3 mowed, and 1/3 left unmanaged
each year. For the past several years,
each treatment had been rotated within
each site; this also represented a chrono-
logical order of succession with burned
areas (0 years since burn) and mowed
areas (1-2 years since burn) being early
successional while the unmanaged areas
had been left unburned for >4 years. This

Figure 1:

Locations of where Karner
blue butterflies were cap-
tured (Allegan SGA) and
released into the wild (Kitty
Todd Preserve).
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A spring burn at one of
our study sites at Kitty
Todd Preserve, OH.

Field of wild blue lupine
at the Kitty Todd Preserve,
OH.

management strategy provided for four
experimental sites to investigate and
all sites included the three management
treatments in the year of our study.

In 2005, one to three observers per-
formed standardized butterfly survey
transects within host-plant areas at Kitty
Todd Preserve (Thomas 1983; Pollard
& Yates 1993), and we recorded the
number of Karner blues found within
each management unit. Whenever we

18 Endangered Species UPDATE

found a female Karner blue, we ob-
served the butterfly for a 15-minute
interval to quantify foraging rates, and
most importantly, where the Karner
blues oviposited their eggs. Oviposi-
tions were characterized by a Karner
blue crawling down a lupine stem, flex-
ing its abdomen, and depositing an egg.
By observing these behaviors, we hoped
to have a clear picture of both the habitat
use and behavior of the species in rela-
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tion to burning and mowing. We also
quantified canopy cover and lupine area
to account for these differences within
management units.

Results

Our survey results showed Karner
blues were not consistently selecting for
any of the treatments; essentially they
were found randomly among treat-
ments at each of the four sites. The only
exception was the females in the second
brood were more abundant in burned
treatments compared to mowed treat-
ments. Of course, these overall results
actually meant the butterflies colonized
the burned areas quite well because
they were equally abundant in burned
areas as in the other management treat-
ments. The management treatments
were within about 120 m of each other,
therefore, the Karner blues did move
substantially within each site. Incred-
ibly, the oviposition rate in the unman-
aged treatments was extremely low;
only 5 of 127 eggs were oviposited in
the unmanaged treatments. The pattern
was statistically significant, and has im-
portant biological implications (Pickens
& Root 2009). Meanwhile, there was no
discernable pattern to foraging rates
among management treatments.

Discussion

For the reintroduction of species and
the management of small populations,
there are likely to be trade-offs of short-
term and long-term goals. Prescribed
burning in an area occupied by an en-
dangered insect is generally thought to
have negative consequences, such as
direct mortality (Swengel 1995), yet the
consequences of burning are not fully
understood. The results of our study
showed that behavior can be a good
indicator of management effects, since
butterflies avoided ovipositing in un-
managed treatments. Reproduction pri-
marily occurred in burned and mowed
treatments, and both of these treatments
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represented the most recently burned
savanna.

Initially, we knew that other but-
terfly species were selective of host-
plants due to scent (Feeny et al. 1989),
host-plant nitrogen (Myers 1985; Ellis
2003; Prudic et al. 2005), size of host-
plants (Ellis 2003), and the presence of
ants (Pierce & Elgar 1985; Fraser et al.
2002). However, these types of studies
are primarily performed as lab-based
experiments, and few studies have
shown host-plant selection in the field.
We now have evidence that Karner
blues avoid ovipositing in oak savanna
that is unburned for >4 years, and this
is likely the result of successional pro-
cesses in oak savanna. Of course, the
initial recolonization of recently burned
savanna is necessary to ensure butter-
flies have a chance to oviposit there. At
Kitty Todd, the burned treatments were
within about 120 m of unburned treat-
ments. This is well within the dispersal
distance of Karner blues (Knutson et al.
1999), and our survey results provided
evidence that butterflies were able to
quickly recolonize burned treatments.
The overall management strategy al-
lowed for a source of Karner blues to re-
colonize and provided butterflies with
the opportunity to make behavioral
decisions that could potentially maxi-
mize their reproduction. Importantly,
the butterfly’s lack of reproduction in
units left unburned for >4 years prob-
ably makes these areas prime for burn-
ing the following winter.

The trade-off of managing for long-
term habitat or short-term populations
is not unique to insects and burning.
For example, the wetlands of south
Florida are home to the endangered
snail kite [Rostrhamus sociabilis], where
a perceived trade-off of providing po-
tential short-term drought refugia by
impounding water was given priority
over the long-term benefits of water lev-
el variability in wetlands (Kitchens et al.
2002). Of course, the long-term dynam-
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ics and responses of species to manage-
ment are difficult to understand, but
studying behavior can provide impor-
tant insights for a variety of species of
concern. This is particularly true for
reintroduced species because adaptive
management must be conducted as
soon as possible to allow small popu-
lations to persist. In conclusion, I rec-
ommend prescribed burning Karner
blue habitat at approximately 3-4 year
intervals based on their avoidance of
reproduction in areas left unburned for
longer periods.
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Recent Disappearance of the Benthic
Amphipod, Diporeia spp.,

in the Great Lakes: Spatial Patterns,
Potential Causes,

and Ecological Implications

Thomas F. Nalepa Abstract
, Over the past several decades, the once abundant benthic amphipod
Great Lakes Environmental . . . .
Research Laboratory, NOAA ~ Diporeia spp. has completely disappeared from areas <90 m in water
4840 S. State St. depth in all the Great Lakes except Lake Superior. This organism may
%‘E Hirsbﬁlr;;’ﬂagigga presently still be found in deeper areas (> 90 m), but abundances even
P 8oV in these areas are in a state of decline. Declines were first observed in
the early 1990s, just a few years after two invasive mussels, Dreissena
polymorpha (zebra mussel) and Dreissena rostriformis bugensis (quagga
mussel) became established. While the spatial and temporal decline of
Diporeia coincided with the expansion of these two mussel species, the
exact reason for the negative response of Diporeia to Dreissena has not
been clearly defined. In the Great Lakes, the rate at which the popu-
lation disappeared has varied from months to many years, and has
occurred in areas remote from mussel-infested regions. The loss of Di-
poreia is having a far-reaching impact on the Great Lakes food web.
As Diporeia is a benthic detritivore that was heavily fed upon by fish,
this calorie-rich organism provided an efficient pathway by which en-
ergy produced and settled from the pelagic region (primary produc-
tion) was cycled to upper trophic levels. With the loss of Diporeia and
the recent expansion of D. r. bugensis into both nearshore and offshore
regions, the benthic community has become an energy sink rather than
a pathway. As a result, the abundance, growth, and condition of fish
populations are declining.

Introduction

The benthic amphipod Diporeia spp. is part of a relic faunal group that mostly
inhabit deep, cold pro-glaciated lakes, brackish estuaries, and coastal mar-
gins in the Holarctic region (Bousfield 1989). In North America, it is found in
deep, boreal lakes from the lower Mackenzie River in the west to Lake Cham-
plain in the east where near-bottom summer temperatures do not exceed 14
°C (Dadswell 1974). More specifically in the Great Lakes, Diporeia (actually a
species complex) was the dominant benthic organism in deeper regions (> 30
m) of all the lakes, comprising over 70 % of benthic biomass in these regions
(Nalepa 1989). It was present but less dominant in open, shallow regions of
the main lake basins (< 30 m), and naturally absent from shallow, warm bays
and basins. Diporeia has a life span of up to 2-3 years, and reaches a maxi-
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Image of the benthic am-
phipod Diporeia spp. Mean
body length in Lake Michi-
gan is about 10 mm.
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mum size of about 10 mm (Fig. 1).

As a detritivore, it burrows in the
top 1-2 cm of sediments and mostly
feeds on organic material that settles
from overlying waters. In particular,
Diporeia feeds heavily on diatoms that
settle during the spring bloom period.
Diatoms are an energy-rich phyto-
plankton group, and ingestion rates,
energy stores (lipids), and growth rates
of Diporeia reached a seasonal peak
during or just after the spring bloom
(Gardner et al. 1985, 1990, Dermott and
Corning 1988). In turn, Diporeia was fed
upon by many fish species, including
the commercially important lake white-
fish, and forage fish such as alewife,
bloater, and sculpin that serve as prey
for larger piscivores (salmon, trout)
(Scott and Crossman 1973, Wells 1980).
Thus, Diporeia played a major role in the
efficient movement of energy between
lower (diatoms, phytoplankton) and
upper (fish) trophic levels and was con-
sidered a keystone species in the Great
Lakes ecosystem.

Endangered Species UPDATE

Over the past several decades, this
once widespread, abundant organism
has totally disappeared from large ar-
eas in all the Great Lakes except Lake
Superior, and abundances of remain-
ing populations are in the state of de-
cline (Nalepa et al. 2006a, 2009). In this
brief paper, I provide the background
for current trends, consider potential
causes for the decline, and summarize
realized and potential ecological conse-
quences.

Historical Perspective

A sufficient number of historic surveys
have been conducted in the Great Lakes
to conclude that the current wide-scale
disappearance of Diporeia is unprec-
edented. Previous studies of temporal
trends over both the long (decades) and
short term (years) show that popula-
tions do fluctuate relative to environ-
mental conditions, but the total, sys-
tematic loss of entire populations over
large areas is unique. Historically,
long-term trends were mostly related
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to changes in nutrient loads and pe-
lagic productivity (Robertson and Alley
1966, Cook and Johnson 1974, Nalepa
1987). Nutrient loads (phosphorus)
from both point and non-point sources
increased up until the mid-1970s, lead-
ing to greater standing stocks of phyto-
plankton and hence greater amounts of
organic material settling to the bottom.
This material served as food for Diporeia
and, as a result, Diporeia abundances in-
creased. For example, in Lake Michigan
at depths < 50 m, densities increased
2-fold between the 1930s and the mid-
1960s (Robertson and Alley 1966), and 2
to 5-fold between the 1960s and the ear-
ly 1980s (Nalepa 1987). After nutrient
abatement programs in the mid-1970s,
abundances declined consistent with
diminished food availability (Nalepa
et al. 1998). Shorter-term fluctuations
have also been documented and mostly
attributed to shifts in fish predators. In
the Bay of Quite, Lake Ontario, the Di-
poreia population in the late 1970s/early
1980s rapidly increased to levels more
typical of those found in this portion
of eastern Lake Ontario (Johnson and
McNeil 1986). The population increase
was related to the collapse of large pop-
ulations of white perch which heavily
fed on Diporein and suppressed their
numbers. In Lake Michigan, short-term
changes in abundances were also attrib-
uted to population shifts in fish preda-
tors (McDonald et al. 1990). In each of
these cases, it should be emphasized
that Diporeia was still present, but abun-
dances were simply lower than typi-
cally found; recovery occurred rapidly
once predation pressure eased.

Recent Declines

Beginning in the early 1990s, Diporeia
populations began to decline and even-
tually disappear from large areas, in-
cluding southeastern Lake Michigan,
outer Saginaw Bay, eastern Lake Erie,
and eastern Lake Ontario (Dermott and
Kerec 1997, Dermott 2001, Lozano et al.
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2001, Nalepa et al. 2003, 2006b). Ini-
tially, the decline was focused in near-
shore areas (< 50 m), but over time pro-
gressed to deeper areas as well. In each
lake area, the decline coincided with the
introduction and spread of two invad-
ing bivalve mollusks, Dreissena poly-
morpha (zebra mussel) and Dreissena
rostriformis bugensis (quagga mussel).
The chronology of the Diporeia decline
relative to the expansion of Dreissena
was well-documented in Lake Michi-
gan. Declines in the Diporeia popula-
tion were first observed in the southern
portion of the lake in the early 1990s, a
few years after D. polymorpha colonized
that region in 1989 (Nalepa et al. 1998).
Abundances of Diporeia continued to
decrease in the 1990s as D. polymorpha
spread throughout the lake at depths
< 50 m. By 2000, Diporein was rare or
completely extirpated from these shal-
lower depth regions in the far southern
and northern portions of the lake, and
along the eastern shoreline (Nalepa et
al. 2006b). The other dreissenid species,
D. r. bugensis, became established in
the lake in 1997, and proceeded to colo-
nize deeper regions of the lake where
D. polymorpha was never found (> 50 m),
and to attain higher densities than D.
polymorpha in shallow regions (< 50 m)
(Nalepa et al. 2001, 2009). Consequent-
ly, the Diporeia population continued
to decline throughout the 2000s, with
declines most evident at depths > 50
m. Similar patterns of decline relative
to Dreissena expansion were observed
in Lakes Ontario and Huron. Based
on the most recent lakewide surveys,
the Diporeia population at 30-90 m de-
clined 96 % between 1995 and 2005 in
Lake Michigan, declined 99 % between
1994 and 2003 in Lake Ontario, and de-
clined 93 % between 2000 and 2007 in
Lake Huron (Fig. 2). In Lake Erie, the
population began to decrease in deeper
regions (> 20 m) of the central and east-
ern basins in 1992, and was completely
gone from the lake by 1998 (Dermott
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Figure 1:

Temporal trends in density
(no./ m2) of the amphipod
Diporeia based on latest
surveys in Lake Michigan
(Nalepa et al. 2009) , Lake
Ontario (Watkins et al.
2007), and Lake Huron
(Nalepa et al. 2003, Nalepa
unpublished data). Densi-
ties given as the mean val-
ue at a depth of 30-90 m in
each lake. Lake Michigan =
solid circle, Lake Ontario =
open circle, Lake Huron =
solid triangle (from Nalepa
et al. 2009).
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and Kerec 1997, MacDougall et al.
2001). Presently, Diporeia abundances
in Lake Superior are stable, likely be-
cause Dreissena populations are rela-
tively low and mainly confined to the
far western portion of the lake (Schar-
old et al. 2004).

While the decline of Diporeia
clearly coincided with the expansion
of Dreissena in the Great Lakes, some
aspects of its disappearance rela-
tive to Dreissena are inconsistent and
not easily explained. For instance,
at a 45-m site in southeastern Lake
Michigan, Diporeia densities declined
from 10,000/m2 to near 0/m2 in just 6
months in 1992 (Nalepa et al. 1998).
This rapid rate of decline occurred
despite the fact that Dreissena, al-
though present at shallower depths,
was not present at the site itself. In
contrast, it took 16 years for Diporeia
to disappear at a 20-m site in south-
western Lake Michigan, even though
Dreissena was present at the site over
the entire 16-year period (1992-2008).
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Year

Diporeia typically declines not only
in areas where dreissenids are pres-
ent, but also in areas that are far-re-
moved from dreissenid populations
(Dermott 2001, Nalepa et al. 2003,
2006b, Watkins et al. 2007).

Potential Causes for the Decline

A common hypothesis for the loss of
Diporeia is that food availability has
decreased because of the filtering
activities of Dreissena (termed “food
limitation” hypothesis).  Diporeia
feeds in the upper sediment layers,
whereas Dreissena filter-feeds at the
sediment surface. Thus, phytoplank-
ton that settles to the bottom is likely
intercepted and utilized by Dreissena
before it actually reaches the upper
sediments and becomes available to
Diporeia. While some amphipod spe-
cies that inhabit shallow bays and
basins have increased in abundance
since Dreissena became established,
partly because they can feed on mus-
sel biodeposits, in theory, Diporeia
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does not feed on this material but is
more dependent on freshly-settled phy-
toplankton (mostly diatoms). Because
of water currents and other physical
forces, the filtering impacts of Driessena
on phytoplankton extend beyond areas
where populations are present, which
would lead to subsequent declines in
Diporeia over wide areas as observed.
While plausible, there are several in-
consistencies with the food-limitation
hypothesis. As noted, past abundances
were directly linked to pelagic produc-
tivity and amounts of food settling to
the bottom. Under this scenario, pres-
ent abundances should decline in direct
proportion to declines in phytoplank-
ton in areas where there are no dreis-
senids. This has not been the case. In
eastern Lake Ontario, diatom biomass
declined by 80% after Dreissena became
established (Dermott 2001), but the Di-
poreia population, instead of declining
by 80%, completely disappeared. Fur-
ther, at the previously-mentioned site
in southern Lake Michigan where Di-
poreia disappeared in 6 months, at least
some potential food (diatoms) was still
settling to the bottom as indicated by
near-bottom sedimentation traps (Na-
lepa et al. 2006b).

If food limitation is the major cause
of the decline in Diporeia, individuals
should logically exhibit some physi-
ological signs of starvation during the
period of population loss. In Diporeia,
lipid concentrations provide a good
indicator of food availability. Levels
increase after the spring diatom bloom
when food inputs to the bottom are at
a seasonal peak, and decline as food
deprivation occurs during the sum-
mer stratification period when little
food settles to the bottom (Gardner et
al. 1985, 1990). Further, during food-
deprivation experiments, lipid levels in
Diporeia gradually declined over a pe-
riod of several months as the animals
utilized lipid stores to meet metabolic
needs (Gauvin et al. 1989). Individual
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lipid levels and weights were docu-
mented as the population declined in
southeastern Lake Michigan in the late
1990s (Nalepa et al. 2006b). Levels ini-
tially declined, but then increased such
that when the population eventually
disappeared, levels were as high as, or
higher, than levels found in the 1980s
prior to dreissenid colonization. More-
over, individuals did not lose weight as
typically found when amphipods are
food deprived. If the food-limitation
hypothesis is correct, then why lipids
and weight did not decline as the Di-
poreia population disappeared remains
unresolved. Efforts to link the decline
to diseases, pathogens, and parasites
have shown similar inconsistencies
(Messick et al. 2004, Foley et al. 2006).
Commonly, Diporeia disappears in areas
far-removed from Dreissena colonies,
particularly in areas with high rates
of sedimentation (Nalepa et al. 2006b,
Watkins et al. 2007). This suggests per-
haps that a toxic substance directly or
indirectly associated with Dreissena is
being transported via currents and then
deposited. In laboratory experiments,
100 % mortality was observed in Di-
poreia exposed to the cyanbacterium Mi-
crocystis aeruginosa (Kainz et al. 2010).
This phytoplankton species produces
the toxin microcystin, and blooms of
this species and toxin concentrations
have increased since the establishment
of Dreissena (Vanderploeg et al. 2001,
Dyble et al. 2008). Further, the inci-
dence of type E botulism has increased
in the Great Lakes since Dreissena be-
came e established (Perez-Fuentetaja et
al. 2006). The bacterium that produces
the toxin, Clostridium botulinum type E,
thrives under anoxic conditions, such
as those associated with decomposing
mussel tissue or mussel biodeposits.
Certainly, the susceptibility of Diporeia
to these and other potentially toxic sub-
stances, diseases, and pathogens are in
need of further study. Considering all
the evidence, there may not be one fac-
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tor causing the decline of Diporeia, but
perhaps a multitude of factors, with a
decline in food making organisms more
susceptible to other environmental
stresses (Nalepa 2006a, 2006b, Watkins
et al. 2007).

Another enigma of the Diporeia de-
cline relative to Dreissena is the coexis-
tence of these two organisms in the Fin-
ger Lakes, New York. While Dreissena
colonized these deep, summer-cold
lakes lakes in the mid -1990s and have
attained densities comparable to those
in the Great Lakes, Diporeia remains
abundant, and has actually increased
in Lakes Cayuga and Seneca (Dermott
et al. 2006). A theory for their coexis-
tence is that the two organisms have
different food sources in the Finger
Lakes (Dermott et al. 2006). Sediments
of the Finger Lakes have an abundance
of leaf material that is too coarse to be
filtered by Dreissena. This material and
associated bacteria could be available
as food items for Diporeia since, de-
pending upon circumstances, both de-
tritus/bacteria and eplithic algae have
been utilized as a nutritional resource
(Guiguer and Barton 2002, Sierszen
et al. 2006). Given the steep slopes of
these lakes, the detrital material would
be rapidly transported from shallow to
deep, colder regions inhabited by Di-
poreia. Conceivably, the presence of at
least some coarse, organic material that
is nonfilterable by dreissenids may ex-
plain why Diporeia only gradually de-
clined in some areas of the Great Lakes
(i.e., the 20-m site in southwestern Lake
Michigan).

Benthic Transformation of Lake
Michigan: From Diporeia to D. r.
bugensis

Regardless of the exact cause for the
decline, recent studies have detailed
how nutrient/energy flow has been dis-
rupted in Lake Michigan as Diporeia
decreased and D. r. bugensis increased
(Nalepa et al. 2009, Fahnenstiel et al.
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2010). Energy once efficiently cycled
through Diporeia within the food web
now resides in dreissenid mass (tissue
and shell), and the benthic community
now serves as an energy sink rather
than a trophic pathway. In the 1980s
when Diporeia was abundant and Dreis-
sena was not yet present, mean densities
of Diporeia at depth intervals of 16-30 m,
31-50 m, 51-90 m, and > 90 in the south-
ern basin of Lake Michigan were 7, 171/
m2, 10,677/m2, 6,459/m2 , and 4,014/
m?2 (Nalepa et al. 1998). In 2008, mean
densities at the same depth intervals
were 3/m2, 0/m2, 262/m2, and 796/m?2,
respectively (Nalepa et al. 2009).
Despite these declines, total mass
of the benthic community actually in-
creased because of the recent expansion
of D. r. bugensis. The depth-weighted,
mean biomass of Diporeia in the south-
ern basin in the 1980s was 2.5 g/m2,
whereas the mean depth-weighted bio-
mass of D. r. bugensis in 2008 was 10.9
g/m2. Since nutrient loads and thus pri-
mary production within the lake have
declined over the same period (Mida et
al. 2010), how can D. r. bugensis achieve
such high standing stocks compared
to past populations of Diporeia? The
evidence suggests that D. r. bugensis is
physiologically more efficient than Di-
poreia, and thus able to sustain higher
standing stocks at a given food level.
D. r. bugensis has an assimilation effi-
ciency (food assimilated relative to food
ingested) that is 2 times greater than Di-
poreia, and a respiration rate that is 1/3
lower (Nalepa et al. 2009). Both of these
attributes allow D. r. bugensis to allocate
more energy to growth and reproduc-
tion, and less to metabolic maintenance.
Also, D. r. bugensis can achieve higher
standing stocks because of its feeding
mode. Being an active filter feeder, D.
r. bugensis has access to food resources
within the entire water column dur-
ing the unstratified period (October to
May). The water column is well mixed
at this time, and phytoplankton pro-
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duced in upper, lighted waters is cir-
culated to near bottom waters. On the
other hand, Diporeia is a passive detri-
tivore and has access to phytoplankton
mostly in the spring when conditions
favor material settling to the bottom.
The supposition that the benthic
community has now become an en-
ergy sink is a consequence of not only
the 4-fold increase in benthic standing
stocks as Diporeia decreased and D. r.
bugensis increased, but also a conse-
quence of the great difference in nu-
tritional value between the two organ-
isms. Diporeia has a lipid content up
to 30-40 % of its dry weight, making
it rich in calories and a valued energy
source. In contrast, D. r. bugensis has a
lipid level consistently below 20 % and
a relatively low energy content (Na-
lepa et al. 2010, McNickle et. al. 2006).
When feeding on a calorie-rich, readily
available food item like Diporeia, fish
maximize energetic benefits relative to
expenditures. With the loss of Diporeia,
benthic-feeding fish are switching to
other food items, including D. r. bugen-
sis, which do not offer the same ener-
getic benefits. When a fish feeds on D. r.
bugensis instead of Diporeia, it is acquir-
ing 14 times less energy per wet weight
mass (318 joules/g compared to 4,429
joules/g; given in McNickle et al. 2006).
The relatively low energy density of D.
r. bugensis is a result of its shell, which
has no energy content but comprises up
to 91 % of total mass. When ingested,
the shell imposes energetic costs to the
fish in terms of handling and eventual
egestion, decreasing net feeding effi-
ciency. Moreover, the shell imposes
other ecological costs. The amount of
energy used by D. r. bugensis to create
the shell is unknown, but shell produc-
tion comprised 37 % of total production
(shell growth, tissue growth, reproduc-
tion) in D. polymorpha (Chase and Bailey
1999). Thus, energy is lost to the food
web when the shell is produced by the
mussel, and also lost when it is handled
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and egested by fish.

Impact on Fish

Recent studies in Lake Michigan and
the other Great Lakes suggest that the
disappearance of Diporeia is having ad-
verse impacts on the fish community.
For example, coincident with the loss
of Diporeia, the condition, energy den-
sity, and abundance of lake whitefish
has declined in Lakes Michigan, Hu-
ron, and Ontario (Mohr and Nalepa
2005). Lake whitefish is an important
commercial species that historically
fed heavily on Diporeia. Specifically in
southern Lake Michigan, condition (i.e.,
weight per length) of lake whitefish de-
clined 27 % as fish were forced to feed
on alternate prey items including Dreis-
sena (Pothoven et al. 2001). Populations
have been further affected as fish now
occupy habitats outside their preferred
temperature range as they search for
alternate food items (Hoyle 2005, Ren-
nie et al. 2009). Besides lake whitefish,
preyfish species such as alewife, scul-
pin, and bloater have also been im-
pacted. In a study in southeastern Lake
Michigan, the diet, abundance, and en-
ergy density of these fish species were
examined in an area where Diporeia had
disappeared, and in an area where, at
the time, it was still present (Hondorp
et al. 2005). Fish in the former area
had altered feeding habits, a lower en-
ergy density, and diminished abun-
dance compared to fish from the latter
area. Consistent with the concept that
D. r. bugensis is sequestering energy
that is inefficiently transferred to fish,
standing stock biomass of preyfish has
declined dramatically in Lake Michi-
gan. Total prey fish mass (wet weight)
declined from 91 kilotonnes in 2005 to
31 kilotonnes in 2007, which is down
from 450 kilotonnes in 1989 (Bunnell et
al. 2009). Total mass decreased further
to 24 kilotonnes in 2008 (C. Madenjian,
USGS, personal communication). Simi-
lar declines in preyfish biomass have
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been documented in Lake Huron; lake-
wide biomass of deepwater demersal
preyfish declined 87 % between 1994
and 2007 (Riley et al. 2008). While some
argue that the decline in preyfish rela-
tive to the expansion of D. r. bugensis
may be more coincidental than mecha-
nistic (Bunnell et al. 2009), continued
monitoring of both populations will
further define how closely these trends
are linked.

Final Considerations

The decline of Diporeia in all the Great
Lakes except Lake Superior has reached
a point where this native, once-abun-
dant organism no longer plays a sig-
nificant role in the food web of these
lakes. Besides having a direct impact
on fish, the loss of Diporeia will likely
have a cascading, indirect affect on
other food web components as fish seek
alternate food sources. Indeed, recent
studies have shown that pelagic inver-
tebrates such as zooplankton and the
opossum shrimp Mysis are also declin-
ing (Barbiero et al. 2009, Pothoven et al.
2010). Such indirect impacts on other
food web components are consistent
with early simulation models predict-
ing the consequences of a decline in Di-
poreia (Kitchell et al. 2000). While these
declines may be attributed to intensive
predation pressure from fish because
Diporeia is no longer available as a food
source, declines can also be attributed to
lowered food availability (phytoplank-
ton) resulting from extensive dreissenid
filtering activities. As such, the ecologi-
cal consequences of the Diporeia decline
may never be fully defined.

Currently, Diporeia is still present at
depths>90min Lakes Michigan, Huron,
and Ontario, but numbers are declining
coincident with the continued offshore
expansion of D. r. bugensis (Watkins et
al. 2007, Nalepa et al. 2009). Typically,
Dreissena populations increase at a rapid
rate during the initial expansion phase,
but then decline to levels more sustain-
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able by the surrounding environment
(Strayer and Malcom 2006). This has al-
ready happened in some shallow bays
and basins of the Great Lakes for D.
polymorpha (Nalepa et al. 2003, Hunter
et al. 2004), and will eventually also
happen in deep, offshore regions for D.
r. bugensis. Yet even if populations of
D. r. bugensis decline in the future, this
species will still be present at some lev-
el, making it very unlikely that Diporeia
will recover. Diporeia populations de-
cline and eventually disappear even
when Dreissena abundances are low,
and even in areas far-removed from
dreissenid colonies. Without Diporeia,
future food web models and energy-
flow paradigms will need to account for
a benthic community structure that no
longer efficiently transfers energy, and
subsequently is no longer able to sup-
port the level of fish resources found in
the past.
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= The Kirtland’s Warbler: Interagency
@\",’5 and International Cooperation works

Introduction

Protection of migratory species requires understanding the ecology and de-
mography of a species throughout its life cycle. This requires evaluating
ecological requirements and survivorship during the breeding and wintering
seasons as well as the migratory period. Obtaining these data is exceedingly
difficult due to methodological limitations associated with (1) tracking in-
dividual birds throughout their life cycle and (2) being able to assess popu-
lation changes during each part of the life cycle (Sillett and Holmes 2002,
Webster and Marra 2005). Equally challenging is the ability to coordinate
conservation work across jurisdictional boundaries, especially international
boundaries where different legal, cultural and socioeconomic factors must be
integrated to ensure that effective conservation programs can be sustained.
This paper focuses on recent efforts in the Bahamian wintering grounds of
the Kirtland’s Warbler (Dendroica kirtlandii), a federally listed species in the
United States and Canada, to fill gaps needed to develop a comprehensive
range wide conservation program for this species.

The Kirtland’s Warbler, North America’s rarest songbird, has one of the
most limited ranges of any landbird on the continent and breeds almost ex-
clusively in Michigan, though some breeding occurs in Wisconsin and Ontar-
io, in early succession jack pine (Pinus banksiana) stands. It winters in short,
dense scrub in The Bahamas and Turks and Caicos Islands. The rarity of
the Kirtland’s Warblers coupled with its highly specific habitat requirements
has required intensive research to identify appropriate management strate-
gies to ensure survival of this conservation-reliant species. Research on the
breeding grounds has guided development of two principal management ac-
tivities which have successfully improved habitat and habitat conditions: (1)
management of jack pine forests to ensure there are relatively large patches
of early successional jack pine forest and (2) population control of a nest par-
asite, the Brown-headed Cowbird (Molothrus ater). Approximately 87,200 ha
are dedicated to Kirtland’s Warbler management in Michigan. About 1,400
hectares are planted with jack pine annually to ensure there is sufficient habi-
tat for the species to maintain the recovery goal of a minimum of 1,000 pairs.
Response of Kirtland’s Warblers to these treatments has been evaluated
through demographic studies (Bocetti 1994; Sarah Rockwell, personal com-
munication, 2009), annual censuses conducted since 1971 (Mayfield 1992),
monitoring productivity of parasitized versus nonparasitized nests (Bocetti
1994), and many other studies. This work has been coordinated through
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This photo is of the 2009
Kirtland’s Warbler Re-
search and Training Proj-
ect taken at Tarpum Bay,
Eleuthera, Bahamas. From
left to right (back row):
Dave Ewert, Joe Wun-
derle. From left to right
(front row): Elise Corliss,
Jennifer Thieme, Scott
Johnson, Jennifer White.

the Kirtland’s Warbler Recovery Team
(KWRT), a consortium of agency bi-
ologists and managers responsible for
management of the species, including
a representative from the Bahamas Na-
tional Trust, which has overseen the re-
covery of the species from an estimated
167 singing males in Michigan’s lower
peninsula in 1987 to approximately
1,813 singing males in both the lower
and upper peninsulas of Michigan,
Wisconsin and Ontario in 2009.
Recently there has been increased
emphasis on the study and conservation
of the Kirtland’s Warbler during migra-
tion and on the wintering grounds. All
known locations of Kirtland’s Warblers
found during migration have been
compiled by Petrucha and Huber (un-
published data) and priority areas for
protection of landbird stopover sites
have been compiled in the western
Lake Erie basin of Ohio and Michigan,
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where Kirtland’s Warblers are reported
relatively frequently during migration
(Ewert et al. 2006). This paper focuses
primarily on ongoing studies of winter-
ing Kirtland’s Warblers in The Baha-
mas, primarily through the Kirtland’s
Warbler Research and Training Project
and related work, including locating
Bahamas-banded birds on the Michi-
gan breeding grounds. We briefly de-
scribe results from the work to date
and emphasize how collaboration has
furthered our goal of contributing to a
comprehensive, range-wide approach
to conservation of this highly endan-
gered species.

The Kirtland’s Warbler Research
and Training Project: a focus on the
wintering grounds

The Kirtland’s Warbler Recovery Plan
lists activities to ensure survival of the
Kirtland’s Warbler on the wintering
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grounds — identification of habitat used
by Kirtland’s Warblers, management
activities needed to create this habitat,
and increasing conservation capacity
to ensure habitat availability on The
Bahamas (Kirtland’s Warbler Recovery
Team 1985). In response to these needs,
we initiated the Kirtland’s Warbler Re-
search and Training Projectin 2002, with
four principal objectives: (1) to provide
a description of the ecology of winter-
ing Kirtland’s Warblers and associated
resident and migratory species on the
Bahamian wintering grounds, (2) to ex-
amine connectivity between the winter-
ing and breeding grounds, (3) to con-
vert research findings to management
guidelines and other outreach activi-
ties for the Kirtland’s Warblers on the
wintering grounds, and (4) to increase
conservation capacity in The Bahamas.
These objectives were formulated based
on needs articulated by the Kirtland’s
Warbler Recovery Team
and subsequent discus-
sions between Bahamian
and United States con-
servationists, biologists,
and others responsible
for protection of the Kirt-
land’s Warbler. Objec-
tives for the wintering
grounds coincided with
Bahamian conservation
needs as expressed by a
past president of the Ba-
hamas National Trust
who stated “...Our [Ba-
hamas] greatest needs are
massive public and deci-
sion-maker  education
and intensified scientific
research.” (in Raffaele et
al. 1998). These conserva-
tion approaches are need-
ed to implement habitat
restoration and increase
quality of human life and
thus compensate for past
land-use practices that
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have degraded the biodiversity of The
Bahamas

The Kirtland’s Warbler Research
and Training Project requires integra-
tion of research, conservation planning,
fund raising, education, communica-
tion, knowledge of regulations in both
The Bahamas and the United States and
understanding of Bahamian and upper
Midwest cultural and economic issues,
all of which require extensive collabo-
ration to achieve our ultimate goal of
defining management practices needed
to sustain the species in the Bahamas ar-
chipelago.

Research

Wintering grounds results. Kirtland’s
Warblers are difficult to locate on the
wintering grounds where they are un-
evenly distributed across the landscape
(Mayfield 1992, Currie et al. 2005). In
spite of this challenge, the wintering
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Figure 1:

Foliage height pro-
files showing per-
centage cover at vari-
ous height categories
in Kirtland’s Warbler
capture plots and
randomly  selected
tall coppice plots
from Eleuthera, The
Bahamas. N indi-
cates the number
of plots sampled
in capture and tall
coppice plots. Foli-
age profiles indicate
Kirtland’s Warblers
occupy low stature
brushy or scrubby
sites rather than tall,
mature coppice (for-
est) sites.  Figure
modified from Wun-
derle et al. (2010)
where methods are
described.

Foliage Height Class (m)
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grounds research on the island of Eleu-
thera has been successful in characteriz-
ing the winter habitat (Wunderle et al.,
2010) and has demonstrated that Kirt-
land’s Warblers use anthropogenically
disturbed early successional habitats
that range in age from 3 to 28 years fol-
lowing disturbance. Warblers occurred
in sites that had been disturbed by
clearing for construction, agriculture,
goat farming and fire. Sites where the
warblers were captured had canopies
of lower stature (mean 1.8 m) and had
more foliage near the ground (Figure
1) than late successional tall coppice
sites (mean 6.3 m). These sites typically
had lower canopies (mean 1.8 m) than
randomly selected sites (mean 2.7 m).
Although the seven study sites were
heterogeneous in terms of time since
last disturbance, most foliage height
categories, canopy height, stem density
and five ground cover traits (e.g., leaf
litter, grass, wood, rock, bare ground),
the density of vegetation at 0.5-1 m was
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consistent among study sites sampled.
Kirtland’s Warbler frequently foraged
on small fruits on shrubs, especially
those on wild sage (Lantana involucra-
ta), black torch (Erithalis fruticosa), and
snowberry (Chiococca alba); these species
occurred at higher frequency on plots
where Kirtland’s Warblers were found
compared to random plots (Wunderle
et al. 2010). At both site and landscape
levels, fruiting of these three shrubs can
vary considerably between the times
Kirtland’s Warblers arrive in The Ba-
hamas in the fall until they depart in
April. Kirtland’s Warblers appear to
track fruit abundance as some indi-
viduals moved up to several kilometers
from fruit-poor to fruit-rich sites during
the winter. These results suggest that a
landscape approach will be essential to
ensure availability of high quality habi-
tat across time and space for this spe-
cies. Research collaborators include Dr.
Peter Marra (Smithsonian Institution)
and Ph.D. student Sarah Rockwell, Dr.
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Eileen Helmer (International Institute
of Tropical Forestry, U.S. Forest Service,
Rio Piedras, Puerto Rico), Dr. Charles
Kwit (University of Tennessee), Dr.
Bernard Parresol (Southern Research
Station, U.S. Forest Service, Asheville,
North Carolina), Dr. Joseph O’Brien
(Southern Research Station, U.S. Forest
Service, Athens, Georgia), and Dr. Kim-
berly Hall (The Nature Conservancy).

Connectivity results. Two approaches
are being applied to evaluate connec-
tivity between wintering sites on Eleu-
thera, The Bahamas, and the breeding
grounds: (1) observations of color-
banded birds seen in both The Bahamas
and the breeding grounds and (2) iso-
tope signatures. Of the approximately
50 color-banded individuals found on
the breeding grounds that were band-
ed in The Bahamas, most were found
widely scattered in Michigan’s Lower
Peninsula but some were also found in
Wisconsin, Michigan’s Upper Penin-
sula, and Ontario (Ewert et al., unpub-
lished data). These observations sug-
gest that Kirtland’s Warblers wintering
at one site widely disperse across the
breeding range and further emphasiz-
es the need for a landscape approach
to habitat protection in The Bahamas.
Collection and analysis of isotope data,
based on collections of feathers and
other tissues in both The Bahamas and
Michigan are underway. These data
will be used to better delineate connec-
tivity between breeding and wintering
areas, establish relationships between
arrival times on the breeding grounds
and environmental conditions on The
Bahamas, and evaluate diet of overwin-
tering Kirtland’s Warblers.

Outreach and management

Qutreach results and projected ac-
tivities. QOutreach has been achieved
through extensive collaboration with
local schools in southern Eleuthera, the
Bahamas National Trust, Kirtland Com-
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munity College, The Nature Conservan-
cy, and the U.S. Forest Service in Michi-
gan. In The Bahamas, student project
participants give presentations on the
Kirtland’s Warbler and associated flora
and fauna to primary and secondary
students. In addition, the Bahamian
student project participants coordinate
local elementary school participation
in Kirtland’s Warbler artwork contrib-
uted to the annual Kirtland’s Warbler
calendar contest sponsored by Kirtland
Community College. These activities
generate local interest for the project,
facilitate access to potential study sites
and set the stage for potential manage-
ment work with local landowners. In
addition, presentations on the project
have been made to the public, at sci-
ence conferences, and to government
officials in the Bahamas. Project bro-
chures and posters have been produced
and distributed throughout much of the
Bahamas. Increased outreach activities
are planned including distribution of
posters on the project at public centers
around the country. Other presenta-
tions have been made on the project at
meetings and conferences throughout
the United States, the Caribbean, Mex-
ico, and Germany to increase support
for conservation of the Kirtland’s War-
bler. Presentations are given annually
at the Kirtland’s Warbler Festival spon-
sored by Kirtland Community College,
Roscommon, Michigan.

Proposed management results activi-
ties. Experimental management activi-
ties are now being initiated and require
testing before encouraging implemen-
tation of these techniques. Our research
indicates that re-occurring habitat dis-
turbance will be required to produce
early successional habitats with key
fruiting species needed by wintering
Kirtland’s Warblers. We are focusing
potential management on activities that
produce, enhance, or maintain winter-
ing Kirtland’s Warbler habitat that will
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be cost-effective, practical and sustain-
able over the long-term; it is unlikely
there will be extensive management
solely for the Kirtland’s Warbler at a
large scale in the Bahamas archipelago.
Thus a key to success will be identifying
those re-occurring natural and anthro-
pogenic disturbance types which can be
harnessed in a cost effective manner to
facilitate production and maintenance
of the warbler’s winter habitat. To in-
crease the likelihood of success we are
initiating trial conservation programs
in The Bahamas with diverse groups
from the public and private sectors in-
cluding: (1) working with resorts and
botanical gardens where the presence
of Kirtland’s Warblers could enhance
ecotourism, (2) working with utility
companies to manage rights-of-ways
that will create or maintain Kirtland’s
Warbler habitat by retarding vegeta-
tive succession, (3) working with goat
farmers to encourage goat manage-
ment practices (goats avoid foraging on
two shrub species, wild sage and black
torch, favored by Kirtland’s Warblers)
that retain the fruiting shrubs used ex-
tensively by Kirtland’s Warblers, (4)
evaluating the planting of firebreaks
with shrubs used by Kirtland’s War-
blers and (5) working with local schools
to encourage the planting of wild sage,
black torch and snowberry. On the
northern pine islands of The Bahamas
(especially Andros, Grand Bahamas
and Abaco) it may be possible to de-
velop fire management approaches to
create early successional habitat which
benefit Kirtland’s Warblers if Bahamian
legislation permitting prescribed fires is
adopted.

To implement these conservation
approaches and activities the Kirtland’s
Warbler Research and Training Project
will continue to build on our estab-
lished working relationships with own-
ers or managers of private or communi-
ty lands and government officials. Thus
far, many collaborators, such as the fol-
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lowing, have actively participated with
this aspect of the work or expressed
interest in considering potential man-
agement activities: Bahamas National
Trust, Bahamian government, Friends
of the Environment (Abaco), Bahamas
Electricity Corporation, The Nature
Conservancy, the U.S. Forest Service,
Leon Levy Native Plant Preserve, Cape
Eleuthera Development Corporation,
goat farmers on Eleuthera, community
organizations (commonage and genera-
tional land committees) on Eleuthera
and others.

Increasing conservation capacity
Results. The project has successfully
provided rigorous field training for nine
Bahamian students. The project also
provided each student an opportunity
to spend one summer in Michigan to
become acquainted with the Kirtland’s
Warbler on the breeding grounds, learn
complementary skills to those acquired
during the winter project and to estab-
lish working relationships with United
States conservationists. The Huron-
Manistee National Forests and Kirtland
Community College were instrumental
among the collaborators who facilitated
this aspect of the training program.
Seven of the students have gone
on to attend universities in the United
States (Cornell University, University
of Minnesota, Northern Michigan Uni-
versity, University of Maryland-Eastern
Shore, State University of New York
at Buffalo). Each of these universities
provided funding to help support edu-
cation of these students in addition to
funding provided by private donors
and foundations through The Nature
Conservancy. So far, four of these stu-
dents have graduated with a B.S. degree
in Biology or natural resource manage-
ment from United States universities
and one graduated from the College of
the Bahamas. Two of these Bahamian
students continued their studies in the
United States and have obtained M.S.
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degrees in ecology.
Thus far, two students
have returned to The
Bahamas and taken
conservation positions,
one with The Nature
Conservancy and one
with the Bahamas En-
vironment, Science and
Technology =~ Commis-
sion. Their work in The
Bahamas includes anal-
ysis of environmental
impact statements, con-
servation planning for
marine and terrestrial
parks and outreach ac-
tivities.

Projected activities. We
will continue to work
with the College of the
Bahamas, the Bahamas
National Trust and the
Northern  Caribbean
program of The Nature
Conservancy to build
educational and con-
servation capacity by
encouraging student participation in
the project and encouraging students
to consider research and conservation
internships with these organizations.
The ultimate goal of the project is to
have Bahamians assume management
of the project and become conservation
custodians for the Kirtland’s Warblers
throughout the country.

Summary

As habitat continues to be lost to de-
velopment in The Bahamas, the two
main challenges facing implementation
of conservation programs for the Kirt-
land’s Warbler are: (1) the lack of pro-
tected areas, which means that much
Kirtland’s Warbler habitat conservation
must occur on private or community
lands and (2) the need for re-occurring
habitat disturbance to produce the ear-
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ly successional habitats with key fruit-
ing plant species required by the war-
bler. These two challenges could prove
prohibitively expensive for Kirtland’s
Warbler conservation on the winter-
ing grounds and therefore it is essen-
tial to identify the most cost effective
and sustainable means for habitat con-
servation. Ideally, we wish to identify
management strategies that pay their
way to ensure sustainability, although
we recognize that the economic viabil-
ity of any management strategy will
vary over time. Consequently, we pro-
pose several conservation approaches,
which will allow an assessment of the
most effective and sustainable model(s)
for Kirtland’s Warbler habitat conser-
vation. Conditions require that we
must be opportunistic in our selection
of conservation approaches and sites
and work with a diversity of coopera-
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tors on an array of Kirtland’s Warbler
management sites scattered across the
Eleuthera landscape and elsewhere in
The Bahamas.

The Kirtland’s Warbler is particu-
larly amenable to range wide conserva-
tion approaches due to its limited range
and the highly effective, multinational
KWRT which promotes collaborative
work in the four countries inhabited by
this species, the United States, Canada,
The Bahamas and Turks and Caicos
Islands. These countries are strongly
linked economically and share many
cultural and legal frameworks due to
their history and proximity. These link-
ages facilitate establishing collabora-
tive programs, such as the Kirtland’s
Warbler Research and Training Project,
which is focused on the ecology and
management of this species on the Ba-
hamian archipelago wintering grounds.
The collective work of many institu-
tions and individuals, including the
Kirtland’s Warbler Research and Train-
ing Project, is furthering range-wide
conservation of the Kirtland’s Warblers
on the breeding and wintering grounds
and along the migration route.
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Abstract

The Peters Mountain mallow is a fire-dependent herbaceous plant spe-
cies endemic to Peters Mountain, Virginia. Its population declined over
the twentieth century, likely because of fire exclusion. We used fire-
scarred trees to reconstruct the fire history of Peters Mountain (Hoss et
al. 2008) and found that fires occurred frequently in the past, before fire
protection became commonly practiced. The mean fire interval for the
site was 2.5 years, and most fires occurred during the dormant season
(spring or fall). Fire frequency is lower today. In 2005, at the time of our
fieldwork, 29 years had elapsed since the last fire. The results suggest
the need to reintroduce fire to restore the Peters Mountain mallow and
its habitat.

Introduction
In 1989, the entire known wild population of the Peters Mountain mallow (Iliam-
na corei Sherff.; Figure 1) comprised only three individuals (Baskin and Baskin
1997), making it one of
the rarest plant species
on earth. Apparently,
the species was never
abundant. When dis-
covered in 1927, the
population of the pe-
rennial herb included
about 50 plants grow-
ing on thin, rocky soils
among widely spaced
trees  (Strausbaugh
and Core 1932) on the
western end of Peters
Mountain,  Virginia.
About 40 individu-
als remained in 1962
(Keener and Hardin
1962), and at some
point thereafter the
population plummet-

The plants

browsing.
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A Peters Mountain
mallow in flower.

fenced to protect
them from deer



Remnant of a pine tree at
Peters Mountain that was
scarred by multiple fires
over its life. The ridges on
the surface formed when
wood grew over each suc-
cessive fire scar.

Detail of a fire-scarred
cross-section. We sand-
ed the cross-sections
to make the rings and
scars readily visible
for dating. This photo-
graph shows eight fire
scars, with the oldest on
the right and the most
recently formed scar on
the left. Photo credit:
Jean Wulfson, Division
of Research and Gradu-
ate Studies, Texas A&M
University.

ed to the low level recorded in 1989.
Autecological work (Baskin and
Baskin 1997) revealed a large bank of
dormant, water-impermeable mallow
seeds that require heating by fire to ger-
minate. The plants also resprout after
burning, and because of their shade in-
tolerance they need fire to maintain an
open, well lit habitat. These life-history
traits appear to suit the mallow to a
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short fire interval, likely on the
order of only a few years (Hoss
et al. 2008; cf. Rowe 1983). But
fire prevention and suppression
efforts had begun to reduce the
frequency of fire in the Appala-
chian region by the 1940s and
1950s (Sarvis 1993). Fire exclu-
sion is thought to have contrib-
uted to the decline of the mallow
population (Caljouw et al. 1994).
The Nature Conservancy pur-
chased the habitat of the endan-
gered Peters Mountain mallow
in 1992 and began experimental
burns, which resulted in a larger
mallow population that has fluc-
tuated annually in the number
of individuals present (Edwards
and Allen 2003). Restoring the
Peters Mountain mallow and its
habitat requires an understand-
ing of the historic fire regime(s)
under which the plants throve.

A study of fire history on Peters
Mountain

We cut and dated cross-sections from
73 fire-scarred pine trees within a 40 ha
area surrounding the mallows (Figures
2, 3). We also cored all the trees grow-
ing in two plots that were situated near
the mallows to illuminate how chang-
ing fire activity af-
fected tree establish-
ment in the vicinity
of the mallows. Hoss
et al. (2008) report the
study in detail.

The trees record-
ed 53 fires during the
period  1794-2005.
Between 1867 (the
first year with two or
more scarred trees)
and 1976 (the last
year recording a fire),
the mean fire interval
was 2.5 years. That
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is, at least part (but not necessarily all)
of the area burned every 2-3 years. We
also calculated a more conservative es-
timate of fire frequency: large fires that
scarred at least 25% of the trees across
the study area occurred about every

Implications of the study

Our study supports the need to man-
age the Peters Mountain mallow with
fire. It would appear that the most pru-
dent restoration strategy would entail
burning at a frequency and seasonality

12.5 years.
Most  (93.6%)
of the fire
scars formed

while the trees
were dormant
(i.e., scars are
positioned be-
tween the an-
nual rings),
suggesting
that the fires
occurred dur-
ing the spring

or fall; fires
rarely burn in o oC oo
the  Appala- TrEEERRERe
chian Moun-
tains during
winter (Lafon
et al. 2005).

Fire frequency remained high

through the 1940s, then declined (Fig-
ure 4), probably because of fire preven-
tion/suppression. Most of the trees we
cored became established during the
1950s and 1960s, following the cessa-
tion of frequent fire. Only the fire-re-
sistant chestnut oaks (Quercus montana
Willd.) and pines (Pinus spp.) were able
to establish under frequent burning be-
fore the 1950s. These results suggest
that the mallows throve historically in a
more open, fire-maintained woodland.
With reduced burning after the 1940s,
the forests grew denser and the mal-
lows encountered increasing competi-
tion for light and other resources. The
lack of fire also would have precluded
reproduction by seed, hence the small
population remaining in 1989.
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similar to that which maintained the
mallow historically. Mechanical clear-
ing of the forest around the mallows
could be important, too, for promoting
the establishment, growth, and repro-
duction of the mallows. More broadly,
this research underscores the important
historical and ecological role of fire in
the temperate forest region of eastern
North America.
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Introduction

Apart from humans, lions are the only other main predator of rhinos. Despite
this, there is very little published information describing the effect of lion
predation on rhino populations. This paper brings together the references
that directly indicate a problem between lions and rhinos, identifies the in-
dications of lion predation, adds new information and considers the effect of
lion predation on one population of African black rhinoceros.

Lions are generally thought to prey on medium to large ungulates within
the weight range 190-550kg with buffalo, giraffe and zebra among the pre-
ferred species but will also prey on smaller species such as warthogs (Hay-
ward & Kerley 2005). There are relatively few references which directly in-
dicate a predation problem between lions and rhinos and this paper reviews
those published, adds new information and considers the effect on popula-
tion performance.

Chronological Review of Recent Literature

Ritchie (1963) stated that young rhinos are sometimes killed by lions. He had
also heard of an old bull being killed by two lions but conversely had seen
two rhinos drive three lionesses off an ostrich kill.

Lions were seen moving away from rhinos which had deliberately ad-
vanced when they had become aware of the presence of the pride (Goddard
1967). Goddard further reported that, in August 1967, a sub-adult lion at-
tempted to attack an 11 month old rhino calf. The mother was close at hand
and engaged the lion. The lion bit the females hock and clawed its thigh but
was gored twice by the rhino in the centre of the ribs and then in the centre of
the neck followed by a blow through the base of the jaw that killed it.

Joubert & Eloff (1971) reported that rhino cows hide their small calves
and were only able to find one record, in 1963, of a rhino calf being killed by
a lion.

In Amboseli National Park, between 1971 and 1977, a sub-adult black
rhino was killed by lions after having separated naturally from its mother
(Western 1982). In another three cases the calves of poached females were too
young to defend themselves and were killed by predators. Western reported
that few calves less than 3 years of age survive predators if separated from
their mothers.

In the Hluhluwe/Corridor/Umfolozi complex of Natal, South Africa,
Hitchins and Anderson (1983) reported that the only predators capable of
killing rhino were lion, hyena and crocodile. However, there were no record-
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ings of lion killing black rhinos, only
white rhinos.

A freshly killed, black rhino carcass
was found with an adult male lion by
Elliot (1987) in Umfolozi Game Reserve.
There were signs of a struggle and well
defined claw and tooth marks on the
neck of the rhino which had a horn
length of 18-20 cm making it probably
two year old. It was concluded that
there was strong circumstantial evi-
dence that the lion had killed the rhino.

In 1986/7, the Salient of the Ab-
erdares National Park, Kenya, was
home to 12 lions (Sillero-Zukiri and
Gottelli, 1991). They reported that rhi-
nos can be killed by lions even when
adult up to the age of four months.

In September 1995, three rhinos
aged between 3 and 4 years old, were
killed by three male lions in the central
area of Etosha National Park, Namib-
ia, all by strangulation illustrated by
marks on the necks (Brain et al, 1998).
On two occasions the lions fed on the
dead rhino immediately after killing
them. On one occasion the lions left the
rhino uneaten. The three rhinos killed
were of similar size and age having just
left their mothers but were still rela-
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tively small. The attacks occurred near
waterholes which other rhinos, particu-
larly mothers and calves, frequent. That
the lions took the sub-adults rather than
the smaller calves suggested a substan-
tial maternal deterrent effect.

Lions and leopards were respon-
sible for the loss of two emaciated and
diarrhoea-ridden calves, aged between
four and seven months in Matusadona
National Park, Zimbabwe (Matipano
2004). The mothers of the calves were
also in poor body condition: one cow
had diarrhoea and struggled to stand,
and the other died five weeks after los-
ing her calf.

A rhino calf was killed by lions in the
Ngorongoro Crater, Tanzania in May
2000 and the mother died four months
later (Maige 2001). This followed a
translocation of two rhinos from the
Addo Elephant Park in South Africa
where there are no predators. Having
calved, the mother had no knowledge
of how to defend itself or the calf from
lions.

In February 2002 at Lake Nakuru
National Park, Kenya, a rhino calf was
killed by a lion despite the mother put-
ting up a considerable fight. This was
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Female Calf Birth Death Age
Mama Ngina Luck 11/07 04/08 5m
Classic May 05/08 08/08 3m Table 1:
. Black rhino deaths attrib-
Yasa I]umaa 07/08 01/09 5m uted to lions at Solio Game
UID UID 05 /09 09 /09 4m Reserve in 2008 and 2009.
The average age of calves
Kolio Gachembe 07/09 10/09 3m of under six months old
Lamuria Pati * 06/08 10/09 16m e s ot
* injured 02/09 at 8m, died of injury at 16m
Classic age 37 yrs, died 2 months after death of calf May
BENCHMARKs | 2007 Before 2007 After trans- 2008 2009
translocation location (i)
Growth rate per o, |Mod - o | Good - 7.5% |Mod -|100% |Good -
7.10% 12.10%
annum (1) good excellent| =+ [good +  [excellent
0 - - 27.8% _| 45.0% .
Jo cows with calves 23.30% V poor 40.90% Good V poor Good
of that year (2) - poor excellent| =+ [poor «+ | excellent
ICI @) (estimated | 59 5\ |Poor -1 gg 0 JPoor =45 0 |V, poor | 34.9m |MOd -
months) mod mod good

Table 2: Key benchmarks of the development of the Solio black rhino population

(i) for details of the translocation see Patton et al (2008); the after translocation figures show an exceptional improvement
due to the removal of non-breeding females to a new location to attempt to motivate breeding

(1) growth rate per annum is shown as birth rate less natural deaths (not including poached rhinos or those killed by

predators

* the actual growth rate 2008, due to 3 deaths, is only 4.5% but 2 deaths were unnatural (lions) so have been excluded,
births only growth rate is 9.0%; the actual growth rate 2009, due to 5 deaths, is only 3.0% but 5 deaths were unnatural
(lions and poaching) so have been excluded. Births only growth rate is 10.0%

(2) cows with calves of that year include calves killed by predators

** the actual rate in 2009 including 2 deaths by lions was 35%

(3) ICI stands for intercalving interval; of the 7 calves born — two intervals are estimates and five are more accurately

known

exemplified by savage wounds on the
shoulder and breast of the rhino and
scratch marks on the flanks. The moth-
er, Suzie, was considerably distressed
by the incident. Despite the wounds be-
ing treated, it died a few months later.

Vol. 26 No. 1 & 2 2009

In July 2002 at Sweetwaters Game
Reserve, Laikipia, four lion cubs were
observed “fighting” with a rhino at
around 7pm for one hour. There ap-
peared to be no actual contact, with the
lions charging but withdrawing at the
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last minute. Further problems with lion
predation were experienced at Sweet-
waters Game Reserve when a pride
of some nine lions was considered re-
sponsible for the death of an old female
rhino in poor condition in March 2007.
Plotz and Linklater (2009) reported
the death of an eight month old black
rhino calf from injuries caused by li-
ons in the Hluhluwe-iMfolozi Park,
South Africa in August 2008. There
were puncture and tear wounds on the
neck of the calf, tissue trauma, severed
tail and claw marks on the anogenital
region. The calf’s tail was amputated at
around one third of its original length.

New Data

Following the introduction of a black
rhino monitoring system, based on the
photo-identification of individuals, at
Solio Game Reserve in 2007, it was pos-
sible to subsequently analyse births and
deaths (Patton et al 2007).

Lion censuses were carried out
in 2008 and 2009 based on individual
identification using muzzle spot pat-
terns. Prior to this, it was believed that
there were five to seven individuals.
The census showed that births in 2007/8
had led to at least 14 individuals.

Table 1 shows the number of black
rhino deaths attributed to lions at Solio
Game Reserve in 2008 and 2009.

The key measure of population per-
formance is the ‘biological growth rate’
defined as the natural increase in popu-
lation size from births and mortalities
as a percentage of the population size at
the start of the year (Emslie and Brooks
1999) The strategy of the Kenya Wild-
life Service is to manage all black rhi-
noceros populations in Kenya for rapid
population growth while preventing
overstocking and resultant sub-optimal
population performance (Okita-Ouma
et al 2007). The growth rate of a popu-
lation as defined in the strategy is “the
natural increase in a population size
being the net result of additions from
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breeding and losses from natural mor-
talities expressed as a percentage of the
population size at the start of the year.
Table 2 shows the development of
the black rhino population at Solio be-
tween 2007 and 2009 and considers the
effect of the predation of lions on popu-
lation growth rates which remains one
of the best indicators of population per-
formance (Knight 2001). Benchmarks
are those proposed by Du Toit (2001).

Discussion

Detecting lion predation

According to Plotz and Linklater (2009),
predation on black rhinoceros juveniles
might be under reported because both
births and carcasses are rarely detected.
New born calves are small and moth-
ers tend to calve in dense bush remain-
ing secretive until the calf has grown
and strengthened at around 3 months.
Mortality during this period is hard to
detect and often, if a carcass is found,
it has deteriorated to such an extent
that the cause of death cannot be deter-
mined.

The carcass of Ijumaa was found
mostly whole but only skin and bones
remained. The unidentified calf carcass
was around 50% whole with a long cut
in the skin down the back which is con-
sidered typical of a lion attack. Some
meat was missing from the rump and
remains of the two rear legs were found
nearby suggesting there had been
more than one predator. The carcass
of Gachembe was mostly whole with
some of the meat of the rump having
been eaten. This suggests that lion pre-
dation is mostly opportunistic and not
due to hunger. The carcasses of Luck
and May were not found which was
probably due to scavengers, such as
striped hyena and jackals, removing the
remains. Scavenging of the small car-
casses of rhino calves explains why lion
predation may often go undetected.

In October 2009, the author ob-
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served a female lion catch and kill a
warthog about the same size as a three
month old black rhino calf. The lion-
ess eventually ate a small amount from
the rump of the warthog but left the
majority of the carcass untouched. On
inspecting the carcass, there were no
signs — such as scratches, tears or punc-
ture marks - that the warthog had been
killed by a lion apart from the bites in
the rear. This outcome might also ex-
plain how lion predation might not be
wholly obvious on rhino calf carcasses.

The injuries to Pati included the tail
being bitten off at the base and some
damage to the rear stomach which led
to a swelling. No scratch marks were
visible on either the calf or the mother
suggesting there was no significant
fight or defence from the predator. The
absence of signs such as claw scratch
marks or bite marks on bodies of the
females, suggests that, in all cases, the
calves had not been defended by their
mothers. While black rhino mothers
have killed lions in defence of their
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calves (Goddard 1967; Owen-Smith
1988, p126-127), maternal inexperience
may result in failure to defend calves.
In the case of Solio rhinos, there had not
previously been an observed problem
with what had historically been a low
density of lions of less than seven indi-
viduals (E. Parfet, personal communica-
tion) suggesting that the females were
ill prepared to defend their offspring
when the density increased.

The 37+ years old female Classic
was distressed after its calf was killed
by lions. Its health deteriorated rapidly
over four months and it drowned in a
river without the strength to get out.
This could be considered as indirect
predation by lions.

The Effect on Population Perfor-
mamnce

Poor population performance in black
rhino populations has largely been at-
tributed to density dependence (Plotz
and Linklater 2009). It should be re-
membered that individual year figures
for small populations (around 50 indi-
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viduals) should be viewed with caution
and three year rolling averages used.
When considering the three bench-
marks for 2007 before translocation (for
further details see Patton et al 2008),
2008 and 2009, there is clear evidence
of a general improvement following the
removal of 26 poor breeding and other
individuals and reducing the density of
rhinos from 92 to 65. This represented a
reduction in density, with Solio Game
Reserve being 69 sq km, of 1.33/sq km to
0.94/sq km rising to 1.04/sq km in 2009.

Brain et al (1998) concluded that it
might become increasingly important
to consider the impact of large preda-
tors on breeding rhinoceros popula-
tions and that it would also be desirable
to be familiar with both predator and
prey and to make certain of the causes
of each death in a rhinoceros so that the
appropriate management actions can
be made. The new data and analyses
supports this conclusion.

The growth rate before predation
was 2008 — 7.5% and 2009 — 10.0%.
When predations is included the fig-
ures are dramatically reduced to 2008 —
4.5% and 2009 — 3.0%. The latter figures
are those used officially and are signifi-
cantly below the Kenya Wildlife Ser-
vice target for private rhino reserves of
6.0%. If predation is taken into account,
the effect of reducing the density of the
rhinos is largely hidden and could even
be interpreted as having had a negative
effect.

The benchmarking description for
the data would show the ‘with-preda-
tion” growth rate in 2008 as “poor to
moderate’” compared to the ‘without-
predation” growth rate of ‘moderate to
good’. Similarly, for 2009, the change is
from “poor to moderate’ to ‘good to ex-
cellent’. For the percentage of females
with calves of that year, the bench-
marking description changes from the
with-predation ‘moderate to good’ to
the without-predation ‘good to excel-
lent’. This further demonstrates that the
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population performance of the rhinos
was better than the “official” record in-
cluding predation, which cannot be at-
tributed directly to the breeding success
of the population.

An important implication of this
analysis is that the sub-optimal growth
rate recorded with predation included
could lead managers to conclude that
the Carrying Capacity of the reserve
had been reached or exceeded thereby
unnecessarily undertaking costly and
stressful population reduction through
translocating individuals to other sanc-
tuaries.

Despite the high density of rhinos in
2009, the population growth rate before
predation was in the top benchmarking
category suggesting that the breeding
performance of the Solio black rhino
population was good even though
the actual growth rate was not. It may
therefore be appropriate to add breed-
ing performance as a benchmark rather
than simply using growth rate. Where
any natural calf deaths occur due to
disease, malnutrition and injury, these
should be included in the growth rate
calculation while unnatural deaths due
to poaching should be considered as
predation.
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FOCUS ON NATURE ®

Insight into the lives of animals

With food availability being so important to the LOUISIANA
BLACK BEAR (Ursus americanus luteolus), the sow knows
she needs to quickly build up her fat stores. If they’re not
sufficient, the embryos, fertilized weeks ago, will not implant.
Of the three cubs she gave birth to a couple years ago, two
survived the perils of childhood and went off to establish their
own territories. The sow taught them how to find edible tubers,
herbs, nuts, fruits and insect larvae. When these natural foods
are scarce, even over a large range, the bear’s keen sense of
smell oftentimes leads her to people food and scraps. Quite
intelligent and secretive, she 1s careful to not be seen and makes
sure she can dash back to the surrounding hardwood forests and
swamps. This subspecies of American black bear is supposedly
the original “Teddy bear”. Artwork and text by Rochelle Mason
Copyright 2000-2011 www.Rmasonfinearts.com (808)769-0756
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