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Synopsis Pacific islands, with their incredible biodiversity, are our finest natural laboratories for evolutionary, ecolog-
ical, and cultural studies. Nowhere, in relation to land area, does land snail diversity reach that of the Pacific islands,
with more than 6000 species, most of which are single island endemics. Unfortunately, land snails are the most imperiled
group with the most recorded extinctions since the 1500s, and Pacific island snails make up the majority of those
extinctions. In 1990, Dr. Alan Solem, a well renowned malacologist, with expertise in Pacific island land snails, post-
humously published a plea to save the remaining Hawaiian land snails before they vanish forever. Now, more than
25years later, we have finally begun to make inroads into answering the questions “How many Hawaiian land snails
remain?” and “What will we need to save them?”. Here we provide a belated reply to Solem (1990) and address these
questions about Hawaiian land snails. We conclude by building on the actions suggested by Solem and that we feel are
still needed to realize his hope of conserving Hawaii’s remaining land snails specifically, but also our hope of conserving
invertebrates more broadly.

Introduction Simberloff 1974; Cain 1984; Graham et al. 2017;

... their loss will be the equivalent of the dodo and
elephant bird extinctions ... (Solem 1990).

More than 25years ago Solem (1990) wrote those
words as part of an impassioned plea for someone,
all of us, to do something before the remaining
Hawaiian land snails were lost forever. While he
was specifically referring to land snails of Hawaii,
the ideas and statistics published in that paper could
have been repeated for each of the nearly 25,000
islands across the Pacific, and probably for most oce-
anic islands across the globe (Chiba and Cowie 2016)
and oceanic island biotas, broadly (Keppel et al.
2014; Meyer et al. 2015). Only 5% of the earth’s
surface is insular, yet oceanic island biotas have his-
torically been instrumental in helping develop the
theories of biogeography, ecology, and evolution
(Engler 1879; Wallace 1902; Gulick 1905;
Skottsberg 1939; MacArthur and Wilson 1963;

Whittaker et al. 2017). Even now, the study of
Pacific island ecosystems still offers novel insights
into processes that influence speciation (Gillespie
and Roderick 2002; Baldwin and Wagner 2010;
Cowie 1995; Brook 2010; Rundell 2011; Baker and
Couvreur 2013; Claridge et al. 2017; Graham et al.
2017) and extinction events (Solem 1990; Steadman
1995, 2006; Lee et al. 2014; Régnier et al. 2015a,
2015b; Chiba and Cowie 2016; Graham et al. 2017).
Although scientist have identified and described more
than 14,000 plant and animal species (CEPF 2007,
2012) from across the Pacific islands, many remain
to be discovered, even on the best studied archipela-
gos (Bouchet and Abdou 2003; Gargominy 2008;
Evenhuis 2013; Richling and Bouchet 2013; Sartori
et al. 2013; Ramage et al. 2017; Christensen et al.
2018) or rediscovered (Wood 2012; Yeung et al.
2015, 2018) with each biodiversity assessment.
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Despite the vast numbers of plant and animal spe-
cies endemic to Pacific Islands (Solem 1984; Allison
and Eldredge 1999; Kier et al. 2009) there are no
comprehensive reports of diversity, levels of ende-
mism, or conservation assessments for most inverte-
brates (CEPF 2007, 2012; Zamin et al. 2010; Cowie
et al. 2017; IUCN 2017), which make up the bulk of
animal diversity (Mora et al. 2011). Invertebrates are
notoriously poorly represented in conservation man-
agement and policies, mainly because of their per-
ceived abundances, high diversity, lack of systematic
information (New 1999; Ward and Lariviere 2004;
Cardoso et al. 2011), and dearth of established mon-
itoring protocols needed to track and assess biodi-
versity (Uys et al. 2010). Such underrepresentation of
invertebrates is reflected in biodiversity research
broadly, with the biodiversity research community
failing to study the neglected majority in proportion
to their diversity or imperiled status (Dunn 2005;
Donaldson et al. 2016; Titley et al. 2017). Yet, with-
out this fundamental understanding of biodiversity,
it is impossible to develop effective conservation
priorities, especially in biodiversity hotspots like
Pacific Islands, and we remain in danger of losing
the organisms that make up the bulk of the biodi-
versity, and that are most vital to the ecosystem serv-
ices and functions on which we rely (Kellert 1993;
Cardoso et al. 2011; Mace et al. 2012; Ceballos
et al. 2015).

Pacific Island land snails

Nowhere, in relation to land area, does land snail
diversity reach that of the Pacific islands (Cowie
2002). The approximately 25,000 islands of the
Pacific are home to more than 6000 land snail spe-
cies, most of which are single island/archipelago
endemics (Cowie 2000, 2002; Koppers 2009). The
Hawaiian Islands, one of the better studied archipel-
agos, harbors over 750 land snail species, and all but
three species are endemic (Cowie et al. 1995).
Spectacular diversity, in terms of species, ecosystems,
and geology, is the hallmark of what has made
Pacific islands grand natural laboratories for evolu-
tionary, ecological (Carson 1987, 1992; Whittaker
1998; Cowie and Holland 2008), and more re-
cently—restoration and  conservation  research
(Graham et al. 2017; Wood et al. 2017). Insular
snails, because of their long evolutionary history, ad-
aptation in isolation, high endemicity, and tendency
for passive trans-oceanic dispersal, have achieved ex-
traordinary diversity (Gittenberger et al. 2006;
Holland and Cowie 2009). They contribute substan-
tially to island habitats providing key ecosystem
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services, including soil development (Lavelle et al.
2006), litter decomposition and nutrient cycling
(Jennings and Barkham 1976; Theenhaus and
Scheu 1996; Meyer et al. 2013), and serve as flagship
indicator species (Schlegel et al. 2015), key to water-
shed maintenance (Mascaro et al. 2008; Daily et al.
2009; Lara et al. 2009).

Unfortunately, Pacific island land snails account
for 40% of the 743 documented animal extinctions
included in the IUCN Red List, and the majority of
these are recorded from three well studied island
areas, French Polynesia, Mascarene Islands, and the
Hawaiian Islands (IUCN 2016; Cowie et al. 2017).
The latter point punctuates the high probability that
these recorded extinctions are a vast underestimate
of the true crisis facing snails, and other inverte-
brates across the islands (Régnier et al. 2015a,
2015b), and these extinctions show no sign of abat-
ing (Hawksworth and Cowie 2013; Richling and
Bouchet 2013; Cowie et al. 2017). However, all is
not lost, nor are all these extinctions inevitable
(Safina 2018; Stokes 2018). There is still time, and
diversity left to discover and conserve (Ceballos et al.
2015). There remains a glimmer of hope that even
presumably extinct taxa may still be rediscovered
(Yeung et al. 2015, 2018; Hirano et al. 2018) along
with the vast diversity we have yet to uncover—we
only have to look.

Hawaiian land snails

Hawaii supports one of the world’s most spectacular
radiations of land snails (Solem 1983, 1984; Cowie
1996), with a disharmonic fauna composed of 10 of
the approximately 100 gastropod families with ter-
restrial members (Cowie et al. 1995; Mordan and
Wade 2008; Bouchet et al. 2017). The real number
of Hawaiian species is difficult to ascertain, since
until very recently, most had not been studied in
a comprehensive systematic manner for more than
half a century. Based on a review of the literature
and museum material, Solem (1990) estimated there
to be 1461 endemic taxa, including species, subspe-
cies, and varieties with no recognized taxonomic
status. This was a substantial overestimate when
compared with Cowie et al. (1995), which recog-
nized 752 species and is considered the most rigor-
ously verifiable estimate currently available
(Johnson 1996). However, the true diversity lies
somewhere between these two estimates. Despite
such uncertainty, even the most conservative esti-
mates indicate that Hawaii is an incontrovertible
gastropod diversity hotspot. Even more spectacular
is that >99% of the species are endemic, nearly all
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to single islands (Cowie et al. 1995), and many to a
single mountain range within the islands (Pilsbry
and Cooke 1914-16).

More than a century ago, C.M. (Monte) Cooke,
Jr. (Bishop Museum malacologist 1902—1948), recog-
nized the plight of Hawaiian land snails, and prior to
his death in 1948, in cooperation with H.A. Pilsbry
(Academy of Natural Sciences malacologist) and a
handful of other malacologists, dominated the study
of Pacific island land snails, particularly the
Hawaiian fauna (Kondo and Clench 1952). Much
of what we know about the numerous extinct, and
few remaining species can be attributed to these early
works, without which we would have lost not only
the species, but any knowledge of their existence.
Although they carried out detailed monographic
work on some of the families in Hawaii, no compre-
hensive taxonomic treatment of the fauna exists
(Solem 1990). Prior to Cowie et al. (1995), the
most complete summary of the fauna was by
Zimmerman (1948), an entomologist. The last major
taxonomic treatment of any Hawaiian snail family,
Achatinellidae, was published in 1960 by Cooke and
Kondo (1960), and focused primarily on other
Pacific island taxa, with major Hawaiian members
included. Prior to Cooke and Kondo’s (1960) pub-
lication, Baker (1940) produced a monograph on
Pacific island Helicarionidae with accounts of several
Hawaiian species. The decades after 1960 were con-
sidered a period of malacological silence for land
snail research in Hawaii, with little to no systematic
work being published (Solem 1990). This began to
change in 1981, when conservation efforts (Hadfield
and Mountain 1980; see also USFWS 1981) and in-
creased publicity (Hart 1975, 1978; Whitten 1980)
led to the listing of the entire genus Achatinella as
endangered under the US Endangered Species Act
(USFWS 1981). This sparked renewed interest in
Hawaiian tree snails, but focused attention only on
the subfamily Achatinellinae, which constitutes less
than 14% of the entire Hawaiian land snail fauna.
This narrowly focused interest led to them being one
of only two Hawaiian land snail groups that have
been the subject of molecular systematic studies or
conservation assessments over a 30-year period, the
others being succineids (Rundell et al. 2004; Holland
and Cowie 2009; Yeung et al. 2018), and amastrids
(Régnier et al. 2015b).

Twenty-eight years ago, Alan Solem, a renowned
malacologist from the Field Museum, recognizing
the plight of Hawaii’s land snails, urged the conser-
vation and malacology community to take measures
to save them before they are lost forever, imploring
that “... their loss will be the equivalent of the dodo

and elephant bird extinctions, the only island re-
stricted families of vertebrates to become extinct in
historic times” (Solem 1990, 34). Therein he pro-
vided the conservation status for each of the families
and grimily estimated that 50% extinction of the
fauna was “wildly optimistic” considering the nearly
complete lack of comprehensive surveys since the
1930s and argued that 65-75% of the fauna was al-
ready lost. He also provided some recommendations
for immediate conservation actions, less the remain-
ing 25-35% of the Hawaiian land snail fauna become
the next generation’s dodo.

Solem proposed actions necessary for conservation
in four phases: (1) use the extensive collections in
natural history museums to develop a baseline of the
identity, historical distribution, and abundance of
species; (2) use these data to organize and carry
out extensive field surveys to identify the remaining
taxa and their habitats; (3) develop approaches to
protect and expand suitable habitat by identifying
immediate threats to the remaining taxa and their
habitats; and (4) complete systematic revisions of
all 10 families to serve as a basis for conservation
and further research. To these we add a fifth phase,
changing peoples’ perceptions and appreciation of
invertebrates, which is critical for saving the lesser
known and underappreciated faunas of Pacific
Islands, and beyond—those spineless creatures that
rule the world (Collen et al. 2012).

Museum collections

Conservation of plants and animals requires accurate
knowledge of biodiversity and taxonomy (Cardoso
et al. 2011) and critical to developing this knowledge
and making conservation management decisions are
natural history museum collections (Suarez and
Tsutsui 2004; Drew 2011; Tewksbury et al. 2014;
Page et al. 2015; Monfils et al. 2017). Efforts to dig-
itize collections over the last decade have increased
the amount of data available to the community and
with the information (e.g., field notes, images of
habitats, locality information) that accompanies
each specimen, researchers are now able to better
target areas of historical diversity and assess habitat
suitability for present and future population viability
(Tewksbury et al. 2014; Monfils et al. 2017;
Rapacciuolo et al. 2017). Since much of the
Hawaiian land snail fauna has not been studied since
the 1930s, museum collections, such as those in the
Malacology Center at the Bishop Museum, contain
the last records of species and these records not only
provide the historical distribution of land snails for
targeted surveys, but allows researchers to develop
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search images and identify species found during sur-
veys, many of which have not been seen since their
original descriptions.

The Bishop Museum malacology collection is the
most comprehensive Pacific Island land snail collec-
tion with nearly 4 million specimens from 28 island
groups across Polynesia, Micronesia, and Melanesia.
Almost half of these holdings are of Hawaiian land
snails, most collected before 1940, and over 500 spe-
cies representing extinct or critically imperiled taxa.
Unfortunately, less than 15% of the collection had
been digitized (including updated taxonomy, taxa
identification, locality, collector information, and
collection date) until funding provided by the
National Science Foundation’s Collections in
Support of Biological Research Program in 2015
was acquired to digitize the entire Bishop Museum
land snail collection. To date, 40% of the collection
has been digitized, making the taxonomic and bio-
geographical data widely accessible and yielding
insights for taxonomic revisionary work, and guiding
surveys for remaining taxa, several of which have
resulted in rediscoveries of species that have not
been seen for more than 50years (Yeung et al
2015, 2018).

Comprehensive surveys

Anthropogenically induced changes, primarily habi-
tat destruction, invasive species, and climate change
have relegated much of the remaining fauna to high
elevation refugia in protected forest and/or natural
area reserves (NAR) (Pilsbry and Cooke 1914-16).
Solem (1990, 36) suggested that “the higher moun-
tain slopes of the Hawaiian Islands offer an almost
unlimited field of study ... of land Mollusca,” and
urged researchers to carry out this critical work.
Revisiting areas that once harbored native species,
and exploring remote sites that were mostly inacces-
sible half a century ago is critical to providing an
updated baseline documenting the existence and
habitats of the remaining native land snails.
Embarrassingly, few comprehensive surveys were
carried out for the non-Achatinellinae fauna during
the first two decades following Solem’s plea, in part
because of the assumption that most were already
gone. Field surveys during the 1990s primarily tar-
geted the already federally protected Achatinella spp.
and other members of the subfamily, leading to the
federal listing of three additional species in 2013
(Partulina semicarinata, P. wvariabilis, Newcombia
cumingi). In the early 2000s, Hawaiian succineids
(42 species) were the focus of ecological, phyloge-
netic, and biogeographical studies (Brown et al.
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2003; Rundell and Cowie 2003; Rundell et al. 2004;
Holland and Cowie 2009; Meyer 2012). Other sur-
veys during this period were opportunistic (e.g.,
Cowie et al. 1995; Miller et al. 1995; Evenhuis
et al. 1996; Moretzsohn and McShane 2003) and
usually part of wider environmental impact assess-
ments (EIAs). In many of these EIAs, the micromol-
lusc community (snails with a shell height or
diameter less than 5mm) and/or epigeal (ground-
dwelling or in leaf-litter) species were only identified
to the genus level and survey techniques employed
(i.e., visual searches) targeted primarily larger sized
arboreal snails (Durkan et al. 2013). Thus, significant
components (and entire families) of the Hawaiian
land snail fauna were missed during these surveys,
ElAs, and the development of natural area manage-
ment plans. For example, prior to 2008, Kaala sub-
rutila, an epigeal land snail endemic to the highest
summit on the island of Oahu, Mt. Kaala, had not
been recorded alive since its original description in
1940 (Curry and Yeung 2013), and was not listed
among the “rare and endangered species” in the
Mt. Kaala NAR (1990) management plan despite be-
ing the only member of a monotypic genus restricted
to the reserve.

In 2011, we, along with collaborators received a
National Science Foundation award to conduct the
most comprehensive Hawaiian land snail survey in
the last 60years. Surveys of more than 950 sites
across the six largest main Hawaiian Islands
(Kauai, Oahu, Maui, Molokai, Lanai, Hawaii Is.)
have targeted locations historically recorded as har-
boring native species, as well as, new remote loca-
tions; yielding more than 200 species of snails in
nine families, including several new species.
Morphological, molecular systematic, and biogeo-
graphical analyses are being used to update taxon-
omy and clarify systematic relationships among
recorded taxa. Here, we provide the first comprehen-
sive update on the conservation status of the 10 fam-
ilies since Solem (1990). Taxonomy and the
recognized number of species (in parentheses) follow
Cowie et al. (1995), but where appropriate we pro-
vide updated familial nomenclature (italics with spe-
cies numbers in brackets) following Bouchet et al.
(2017).

Hydrocenidae (2) and Punctidae (1)

The Hawaiian hydrocenids and punctids are among
Hawaii’s smallest micromolluscs and were consid-
ered extirpated from low and mid elevational areas
by Solem (1990). No hydrocenids have been
recorded at any elevational range since the 1930s
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and both Hawaiian species are probably extinct.
Punctum horneri, the only punctid described from
Hawaii, is still extant. We also found several unde-
scribed species, and recognized that one species pre-
viously mistaken for a native Hawaiian punctid is in
fact Paraloama servilis (Christensen et al. 2012), an
introduced species. As predicted, nearly all of these
punctid species were recorded in high elevation for-
ests and occurred in low densities (less than five
individuals at a given site).

Pupillidae (56; Vertiginidae [55], Pupillidae [1])

Solem (1990) thought that several species in the ge-
nus Pronesopupa were still common and persisting in
low elevation, non-native forest, and that some
Nesopupa and Lyropupa species may still remain in
upland native forests. Recent surveys have confirmed
this pattern, and preliminary conchological and mo-
lecular assessments have tentatively identified 23 en-
demic taxa. Pronesopupa species can still be found in
low elevation, non-native forests as well as high ele-
vational areas, and as Solem predicated, Nesopupa
species were recorded in upland native forests but
were also found in low elevational areas with
Pronesopupa. However, no individuals that could be
referred to the genus Lyropupa were recorded, and
the entire genus is presumed extinct in Hawaii.
Interestingly, several species with unknown native
provenance were recorded, and have phylogenetic
affinities closer to North American Vertigo spp., a
genus not reported from Hawaii. Several of these
unidentified pupillids were found in remote, high
elevation areas among leaf litter, and are concholog-
ically similar to the endemic Hawaiian Lyropupa spe-
cies. As such, it is possible that they are indeed
undescribed native taxa belonging to this genus.
Surprisingly, we found many more populations of
pupillids than initially expected, indicating that
they are still moderately abundant, or the diversity
has been substantially underestimated.

Succineidae (42)

The Hawaiian Succineidae are among the few fami-
lies reportedly doing relatively well (Solem 1990;
Rundell et al. 2004; Holland and Cowie 2009),
with many succineid species abundant in higher ele-
vational forests across all the islands. We recorded 29
species from the six largest Hawaiian Islands, many
in high abundances. This represents more than half
of the known diversity, which like many families is
probably underestimated, and fewer than half of
these have been identified to described species.
Systematic revisionary studies, and research on the

overall biology of this family in Hawaii may yield
greater insights into why some lineages are doing
better than others, and provide the foundation for
conservation management strategies.

Zonitidae (10; Gastrodontidae [3], Vitrinidae [1],
Oxychiliidae [6]) and Helicarionidae (60;
Euconulidae [60])

Solem (1990) provided scant details regarding the
remaining diversity of the Hawaiian Zonitidae and
Helicarionidae, citing the difficulties in delineating
and identifying the various species within each of
these limacoid families. While the live animals, espe-
cially the helicarionids, have interesting coloration
and patterns resulting from the body, empty shells
for both families are rather uniform in color with
few taxonomically informative characters. Further
limiting a meaningful assessment of the zonitids
was the limited records in museum collections,
which may reflect the actual historical abundance
and distribution of species within this family, or dra-
matic losses. Recent surveys yielded only four zonitid
species from 20 sites, less than 2% of all sites sur-
veyed. In contrast, Solem assumed that the helicar-
ionids were faring well based on his observation that
members of this family were abundant on other
Pacific islands. We identified 70 genetically distinct
lineages of helicarionids, a 17% increase over the
recognized Hawaiian diversity. Nearly 40% of these
lineages have been identified as a previously de-
scribed species, and many of the remaining taxa
likely represent cryptic diversity. While it is possible
that some of these unidentified species will be
matched to known species, the pattern indicates
that diversity has been substantially underestimated.
As such, we have still lost a considerable portion of
the diversity and much of it before it was described.
Nonetheless, this remains one of the most diverse
families, with one of the widest distribution in the
islands.

Helicinidae (14)

Neal (1934) recognized 14 species of helicinids, dis-
tributed across the six main Hawaiian Islands. Solem
(1990), primarily because of vulnerability related to
their epigeal habits, suggested that the family was
extirpated from the islands. However, Meyer (2006)
recorded a population of an unidentified helicinid
species on Oahu, and subsequent surveys have recov-
ered eight additional species, some from multiple
populations, but only from the islands of Oahu,
Maui, and Kauai.
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Endodontidae (33)

The endodontids have suffered the greatest losses
after the Amastridae. Although there are only 33 de-
scribed species from Hawaii, there were an estimated
300 undescribed species in the Bishop Museum col-
lections (Solem 1990). At the time, Solem predicted
that less than 5% of known diversity was likely to be
found in high elevation refugia. Unfortunately, this
was an overestimate, as three species have been
recorded in recent surveys, Cookeconcha hystricella
and two undescribed species. Sadly, extensive surveys
have failed to find additional species or populations,
and this family has been nearly extirpated from the
islands. Unless management plans are developed and
funding provided to implement them, these remain-
ing species will likely disappear in the next decade.

Amastridae (325)

The Amastridae is the most diverse and the only
endemic land snail family in Hawaii, as well as, the
only extant endemic plant or animal family in the
islands. Estimates of extinction indicate that 2% or
less of the fauna remains, resulting from extinction
rates in the last century that may have reached 5-
10% per decade (Régnier et al. 2015b). Amastrids
were thought to be completely extirpated from the
island of Kauai and only a few remnant populations
of a handful of species were thought to remain on
Oahu. However, recent surveys have recorded 22 ex-
tant species (Yeung et al. 2018), most consisting of
single, small populations hanging on in highly
threatened habitats on Oahu, Kauai, Maui,
Molokai, and Hawaii Is. Some species exist only in
captively reared populations, which is work being
done without direct funding. Although, like many
groups, hope remains, as at least one species was
recently re-discovered in a remote gully on
Molokai, and there are likely other species yet to
be discovered. But extensive surveys are required to
locate these remaining species before they are gone
forever.

Achatinellidae (209)

The Achatinellidae is the second largest family of
land snails in Hawaii, with two endemic subfami-
lies—the Achatinellinae and Auriculellinae. The
larger more charismatic Achatinellinae have received
more study and conservation protection than any
other Hawaiian snail group, while the smaller
Auriculellinae and the other subfamilies containing
even smaller sized snail species with distributions
beyond Hawaii have received far less attention.
Despite being so well studied, having the most
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charismatic among them now protected, Solem
(1990) predicted that the Achatinella were mostly
extinct, but the status of the smaller sized species
within the Hawaiian Achatinellidae was uncertain.
Like most Hawaiian land snail families, our recent
surveys indicate that a substantial portion of the
achatinellid diversity has indeed been irretrievably
lost, yet recent rediscoveries of species thought to
be extinct and the identification of several cryptic
species means that there is still time to act and do
what is needed to protect the jewels of the Pacific.

Protecting the remaining taxa

The first two phases, assessing museum collections
and comprehensive surveys, were estimated to re-
quire several years of work each and the protection
and expansion of suitable habitat would last the lon-
gest with decades of work required (Solem 1990).
Once areas harboring native land snails were recog-
nized, researchers and conservation managers could
identify immediate threats to these areas and start
the long term and difficult process of restoring and
protecting these habitats. As Solem (1990, 34) con-
cluded, there are still species extant, although precar-
iously, and that “time is very late, and much remains
to be done”.

Since 1990, there has been increased development
and organization of conservation and resource part-
nerships that connect private, state, and federal land-
owners to protect Hawaii’s ecosystems (e.g., The
Nature Conservancy; Puu Kukui Watershed
Preserve, PKW; Hawaii Association of Watershed
Partnerships; Oahu Army Natural Resources
Program, OANRP). Within these past 5 years, these
organizations have begun to work more closely with
the State’s Department of Land and Natural
Resources (DLNR) following the creation, in 2013,
of the Snail Extinction Prevention Program (SEPP),
established to protect Hawaii’s imperiled snail fauna
and to provide habitat protection, where possible.
With federal, state, and non-governmental agencies
now acknowledging the plight of these species, be-
yond just the charismatic Oahu Tree Snails, we have
now just begun habitat conservation and recovery
planning for dozens of species.

In the late 1990s, two snail enclosures built in
protected forest reserves and watershed preserves
were built on the island of Oahu to protect endan-
gered snails (specifically Achatinella spp.) from pred-
ators (Natural Area Reserves Program 2016). The
DLNR and OANRP cleared these two areas of inva-
sive plants and animals and planted native host
plants within these enclosures. With the recent
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collaborations among conservation agencies, four ad-
ditional enclosures on Oahu and one each on Maui
and Lanai have been built within the last 6 years.
Although the federally listed species are the primary
focus for the development of these enclosures,
organizations such as SEPP, OANRP, and PKW are
including in these enclosures other land snail species
that our data indicate are endangered, threatened,
and/or vulnerable. With these artificial islands of ref-
uge, some species of captively reared land snails are
already being reintroduced into the wild, giving
some a fighting chance of survival for at least a
few more decades. However, increased funding sup-
port is necessary to maintain and expand existing
enclosures and additional protected areas for land
snails are needed on all islands.

Systematic revisions

Systematic work on most Hawaiian land snails had
stalled since 1960, but renewed interests fueled by
NSF and USFWS funding has allowed us to rejuve-
nate monographic works for each of the families,
starting with the Achatinellidae. Systematics is where
taxonomy meets phylogeny—where we begin to
name and classify taxa and understand how they
relate to each other. With each comprehensive taxo-
nomic monograph or revision, the taxa within a
group become better defined and their distributions
and habitats are more accurately delineated.
Assessments of threatened taxa, and determination
of extinction cannot be completed if we lack core
biological knowledge (e.g., habitat requirements, life
history) of species, and species that are taxonomi-
cally and phylogenetically more studied are also gen-
erally better known biologically (Diniz-Filho et al.
2013; von Staden et al. 2013; Mace 2004). A prime
example of this within the Hawaiian land snail fauna
is the conservation of the Achatinellinae, which
includes the federally protected Achatinella genus
and several Partulina and Newcombia species. Over
the last few decades focusing the bulk of research
and conservation funds on this small group, which
are indisputably beautiful, has already provided im-
portant contributions to evolutionary theory and
conservation practices. The bulk of knowledge on
Hawaiian land snail biology beyond taxonomy is de-
rived almost exclusively from this group, but with
such a continued narrow taxonomic focus our
knowledge will grow, possibly at the expense of los-
ing the other 650 species, which are arguably equally
beautiful and important. While our currently funded
revisionary work focuses on this same family, it is
primarily aimed at illuminating the forgotten

members, and emphasizing an approach to be ap-
plied to other land snail families.

With the discovery of numerous undescribed spe-
cies in almost all Hawaiian land snail families, it is
clear that the fauna has been vastly understudied,
highlighting the desperate need for, and importance
of, this type of basic biodiversity and taxonomic
work to inform the way forward as we are con-
fronted with such substantial biodiversity loss in
coming decades. Without updated systematic revi-
sions to guide future conservation activities, the first
three phases of land snail conservation will eventu-
ally become unlinked. And one of the first major
steps we must take is to begin filling in the broad
knowledge gaps for the non-achatinellinine snails.

Changing public perception—beyond
the creepy, crawly, slimy things

Something not mentioned by Solem (1990), but that
we, and others, feel is critical in determining the
likelihood of many species’ surviving beyond the
next decade, is the reality that those that will survive
will be those that we choose to protect (Batt 2009).
As such, understanding of human preferences, how
they are formed, and what can be done to shape
them must be integrated into any conservation strat-
egy. Disparity in human preferences driven by per-
ceptions of the “attractiveness” or similarity of
organisms to humans is very much at the heart of
why some groups of animals (and plants) are the
subject of intense biodiversity, conservation, and sys-
tematic studies, while others, despite being numeri-
cally dominant, more ecologically relevant, and/or
more critically endangered are ignored (Stokes
2007; Patrick and Tunnicliffe 2011; Brambilla et al.
2013; Colléony et al. 2017). This bias is evident when
looking at the distribution of funding allocated by
the USFWS (2015) to vertebrates, invertebrates, and
plants. In 2015, more than a billion dollars (USS$)
were spent on about 500 species of vertebrates,
nearly $2 million per species. At the same time,
only $126,000/species was spent on approximately
300 species of invertebrates and <$70,000/per species
for plants (~700 species). This trend is consistent
across years over the last decade in US federal spend-
ing on endangered species. Similar patterns can be
found at the state level as well, with spending on
vertebrates being 12x that of invertebrates (USFWS
2015). A vertebrate-centric bias is not a new phe-
nomenon, and we suspect has been a grievance ar-
ticulated by invertebrate researchers, especially
entomologists (except those studying large, charis-
matic butterflies), since humans formally began
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studying life. However, the consequences of a
vertebrate-centric bias on scientific research, conser-
vation funding, and the publics’ appreciation and
understanding (Prokop et al. 2008; Donaldson
et al. 2016; Titley et al. 2017; Troudet et al. 2017)
of animals have in recent decades taken on a new
urgency as predictions of species losses during the
Anthropocene grow ever grimmer (Kellert 1993;
Ceballos et al. 2015; Régnier et al. 2015b).

It has been suggested that human preferences for
certain animals (e.g., apes, pandas, elephants, lions)
was determined early in the evolution of our species,
with phylogenetically and behaviorally similar ani-
mals being perceived as less “ugly” (Prokop and
Randler 2018), and such predispositions emerging
early in childhood (Borgi and Cirulli 2015).
Additionally, animals that are harmful to humans
also perform poorly in the proverbial biodiversity
beauty contests, with parasites, snakes, and spiders
finishing in the bottom, but butterflies and birds
often crowned winners (Vetter 2013; Schlegel et al.
2015). However, there is also a large culturally
learned component of perceptions and attitudes,
both negative and positive, toward certain animals
(Prokop and Randler 2018). Emerging research,
and our own anecdotal experiences, indicate that ed-
ucation, exposure, and opportunities to interact with
animals traditionally viewed as less charismatic or
attractive (i.e., most invertebrates) can ameliorate
biases that manifest themselves as fear, disgust, and
ultimately a lack of perceived conservation value of
these taxa (Clark et al. 2014; Schlegel et al. 2015;
Donaldson et al. 2016; Curtin and Papworth 2018).
Here, we join the growing chorus of conservationists
(Mascia et al. 2003) calling for increased efforts to
shape public perception in an effort to overcome
vertebrate-centric biases driven in large part by early
educational and natural history experiences (Schlegel
et al. 2015), which in turn has fundamental conse-
quences for conservation research and funding
(Czech et al. 1998; Martin-Lopez et al. 2009; Titley
et al. 2017).

A shift in public opinion and perceptions can be
accomplished through multiple approaches, many of
which are already supported and encouraged
through major funding agencies and include curric-
ulum development, informal education, involvement
of citizen scientists, and integrating cultural knowl-
edge and traditions with science. With formal cur-
riculum development in primary schools in
collaboration with educators, we can increase young
children’s exposure to the importance and values of
animals beyond the typical classroom pets (Schlegel
et al. 2015). Outreach efforts through museums,

N. W. Yeung and K. A. Hayes

zoos, and non-profits aimed at increasing awareness
of local plants and animals have been shown to drive
a greater appreciation for their value (Silvertown
2009; Ballard et al. 2017). Activities through these
organizations can include development of exhibits,
participation in science awareness and engagement
days, and training for citizen science events
(Ballard et al. 2017; McKinley et al. 2017). In turn,
development of electronic keys and guides to local
species can be used by schools, resource, managers,
and the general public in the wider adoption of cit-
izen science initiatives (Stevenson et al. 2003).

With these informal training opportunities,
researchers can engage the entire educational pipe-
line from GK-12 to college interns and beyond.
When engaging the entire community, which
includes integrating cultural understanding from cul-
tural practitioners, we can all gain a wider appreci-
ation for nature and hopefully, invertebrate
conservation (Clark et al. 2014). In the political
arena, we need leaders representing the interests of
invertebrate conservation to serve in local offices or
on advisory boards, or indirectly by educating those
serving in such positions through engagement with
scientific research (Parsons 2001; Ascher 2004) and
integration of science into public policy (Durand
and Vazquez 2011).

Conclusion

More than 25years have passed since Solem (1990)
suggested that the remaining Hawaiian land snails
were doomed unless immediate actions were taken.
He laid out several suggestions, to which we now
add a critical component in hopes of spurring others
to take this approach, not just for land snails, but for
other members of the forgotten majority. While con-
tinued and expanded research into species discovery,
systematics, and conservation is necessary, especially
for underrepresented groups like snails, worms, and
non-butterfly insects, we feel strongly that all
researchers engaged in these activities need to ex-
pand efforts to increase the publics’ awareness and
appreciation for invertebrates. Such efforts are a cru-
cial component of the complex dynamic that deter-
mines not only public policy, but also research
funding and support for conservation (Martin-
Lopez et al. 2009).

Shifting the general view of snails from being
“icky” and “slimy” things that one pours salt on in
the garden, to one of understanding and apprecia-
tion for their intrinsic beauty and importance as an
integral part of nature is critical if we hope to save
most species. Several emerging studies indicate that
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this shift is possible and that scientific information
can and does drive such changes (Lindemann-
Matthies 2005; Martin-Lépez et al. 2009; Patrick
and Tunnicliffe 2011; Colléony et al. 2017; Curtin
and Papworth 2018). Although much of what
Solem predicted has come to pass, like him, we
feel that there is still hope, there is still time, and
with renewed efforts and a more equitable taxo-
nomic focus we can change the trajectory of biodi-
versity loss, preserving the legacy of the lesser known
fauna for the future.

Acknowledgments

We thank Julia Sigwart for the invitation and travel
support to contribute in the special symposium on
“Measuring Biodiversity and Extinction: Present and
Past” for the 2018 annual meeting of the Society for
Integrative and Comparative Biology. We also thank
Rob Cowie, Carl Christensen, and Daniel Chung
(Bishop Museum Research Affiliates) for sharing
their wealth of information about Hawaiian land
snails and the history of their conservation and
study. We thank John Slapcinsky (Florida Museum
of Natural History), Ellen Strong (Smithsonian
National Museum of Natural History) for their con-
tinued collaboration and support. Various Hawaii
watershed partnerships, state and federal conserva-
tion management units, the Nature Conservancy,
and other agencies have been critical in providing
logistical support and continued collaborative efforts
to understand and conserve the remaining Hawaiian
land snails. In particular, we thank Pomaika’i
Kaniaupio-Crozier (PKW), Vince Costello and
Jaime Tanino (OANRP), David Sischo, Betsy
Gagne, Nicholas Wilhoite, Lance DeSilva, and Fern
Duvall (DLNR), Keahi Bustamente (LHWRP), Hank
Oppenheimer (PEPP), Ken Wood (NTBG), Joy
Browning, and Diane Sether (USFWS). Finally, we
thank Jaynee Kim, Kim Lactaoen, and Kelli DeLeon
(Bishop Museum Research and Collection Assistants)
for comments on early drafts of this manuscript, and
David Sischo (DLNR-SEPP) and an anonymous re-
viewer for comments and suggestions that improved
the manuscript.

References

Allison A, Eldredge L. 1999. Polynesia and Micronesia. In:
Mittermeier RA, Myers N, Mittermeier CG, Robles Gil P,
editors. Hotspots: earth’s biologically richest and most en-
dangered  terrestrial  ecoregions. Mexico: CEMEX,
Agrupacién Sierra Madre. p. 390—401.

Ascher WL. 2004. Scientific information and uncertainty:
challenges for the use of science in policymaking. Sci Eng
Ethics 10:437-55.

Baker HB. 1940. Zonitid snails from Pacific islands. Part 2.
Hawaiian genera of Microcystinae. Bernice P. Bishop Mus
Bull 165:103-201, 21-42.

Baker WJ, Couvreur TLP. 2013. Global biogeography and
diversification of palms sheds light on the evolution of
tropical lineages. I. Historical biogeography. J Biogeogr
40:274-85.

Baldwin BG, Wagner WL. 2010. Hawaiian angiosperm radia-
tions of North American origin. Ann Bot 105:849-79.

Ballard HL, Robinson LD, Young AN, Pauly GB, Higgins LM,
Johnson RF, Tweddle JC. 2017. Contributions to conserva-
tion outcomes by natural history museum-led citizen sci-
ence: examining evidence and next steps. Biol Conserv
208:87-97.

Batt S. 2009. Human attitudes towards animals in relation to
species similarity to humans: a multivariate approach.
Biosci Horiz 2:180-90.

Borgi M, Cirulli F. 2015. Attitudes toward animals among
kindergarten children: species preferences. Anthrozoos
28:45-59.

Bouchet P, Abdou A. 2003. Endemic land snails from the
Pacific islands and the museum record: documenting and
dating the extinction of the terrestrial Assimineidae of the
Gambier Islands. J Molluscan Stud 69:165-70.

Bouchet P, Rocroi JP, Hausdorf B, Kaim A, Kano Y, Niitzel
A, Parkhaev P, Schrodl M, Strong EE. 2017. Revised clas-
sification, nomenclator and typification of gastropod and
monoplacophoran families. Malacologia 61:1-526.

Brambilla M, Gustin M, Celada C. 2013. Species appeal pre-
dicts conservation status. Biol Conserv 160:209-13.

Brook FJ. 2010. Coastal landsnail fauna of Rarotonga, Cook
Islands: systematics, diversity, biogeography, faunal history,
and environmental influences. Tuhinga 21:161-252.

Brown SG, Spain BK, Crowell K. 2003. A field study of the
life history of an endemic Hawaiian succineid land snail.
Malacologia 45:175-8.

Cain AJ. 1984. Islands and evolution: theory and opinion in
Darwin’s earlier years. Biol J Linn Soc 21:5-27.

Cardoso P, Erwin TL, Borges PAV, New TR. 2011. The seven
impediments in invertebrate conservation and how to over-
come them. Biol Conserv 144:2647-55.

Carson HL. 1987. Colonization and speciation. In: Gray AJ,
Crawley M]J, Edwards PJ, editors. Colonization, succession
and stability. Oxford: Blackwell Scientific. p. 187-206.

Carson HL. 1992. Inversions in Hawaiian Drosophila. In:
Krimbas CB, Powell JR, editors. Drosophila inversion poly-
morphism. Boca Raton (FL): CRC Press. p. 407-39.

Ceballos G, Ehrlich PR, Barnosky AD, Garcia A, Pringle RM,
Palmer TM. 2015. Accelerated modern human-induced
species losses: entering the sixth mass extinction. Sci Adv
1:e1400253.

CEPFE. 2007. Polynesia—Micronesia biodiversity hotspot
(https://www.cepf.net/sites/default/files/final. polynesiami-
cronesia.ep_.pdf).

CEPF. 2012. East Melanesian Islands biodiversity hotspot
(https://www.cepf.net/sites/default/files/emi_ecosystem_
profile.pdf).

Chiba S, Cowie RH. 2016. Evolution and extinction of land
snails on Oceanic islands. Ann Rev Ecol 47:123—41.

Christensen CC, Kahn JG, Kirch PV. 2018. Nonmarine mol-
lusks from archaeological sites on Mo’orea, Society Islands,

Downloaded from https://academic.oup.com/icb/advance-article-abstract/doi/10.1093/icb/icy043/5032875
by University of Hawaii at Manoa Library user

on 21 June 2018


https://www.cepf.net/sites/default/files/final.polynesiamicronesia.ep_.pdf
https://www.cepf.net/sites/default/files/final.polynesiamicronesia.ep_.pdf
https://www.cepf.net/sites/default/files/emi_ecosystem_profile.pdf
https://www.cepf.net/sites/default/files/emi_ecosystem_profile.pdf

10

French Polynesia, with descriptions of four new species of
recently extinct land snails (Gastropoda: Pulmonata:
Endodontidae). Pac Sci 72:95-123.

Christensen CC, Yeung NW, Hayes KA. 2012. First records of
Paralaoma  servilis  (Shuttleworth, 1852) (Gastropoda:
Pulmonata: Punctidae) in the Hawaiian Islands. Bishop
Mus Occ Pap 112:3-7.

Claridge EM, Gillespie RG, Brewer MS, Roderick GK. 2017.
Stepping-stones across space and time: repeated radiation

of Pacific flightless broad-nosed weevils (Coleoptera:
Curculionidae: Entiminae: Rhyncogonus). ] Biogeogr
44:784-96.

Clark SG, Cherney DN, Clark D. 2014. Large carnivore con-
servation: a perspective on constitutive decision making
and options. In: Clark SG, Rutherford MB, editors.
Carnivore conservation: integrating science and policy in
the North American West. Chicago (IL): University of
Chicago Press. p. 251-88.

Collen B, Bohm M, Kemp R, Baillie JEM. 2012. Spineless:
status and trends of the world’s invertebrates. UK:
Zoological Society of London.

Colléony A, Clayton S, Couvet D, Saint Jalme M, Prévot AC.
2017. Human preferences for species conservation: animal
charisma trumps endangered status. Biol Conserv
206:263-9.

Cooke CM Jr, Kondo Y. 1960. Revision of Tornatellinidae
and Achatinellidae. Bishop Mus Bull 221:1-303.

Cowie RH. 1996. Pacific island land snails: relationships, ori-
gins, and determinants of diversity. In: Keast A, Miller SE,
editors. The origin and evolution of Pacific island biotas,
New Guinea to eastern Polynesia: patterns and processes.
Amsterdam: SPB Academic Publishing. p. 347-72.

Cowie RH. 1995. Variation in species diversity and shell
shape in Hawaiian land snails: in situ speciation and eco-
logical relationships. Evolution 49:1191-202.

Cowie RH. 2000. New records of alien land snails and slugs in
the Hawaiian Islands. Bishop Mus Occ Pap 64:51-3.

Cowie RH. 2002. Invertebrate invasions on Pacific islands and
the replacement of unique native faunas: a synthesis of the
land and freshwater snails. Biol Invasions 3:119-36.

Cowie RH, Evenhuis NL, Christensen CC. 1995. Catalog of
the native land and freshwater molluscs of the Hawaiian
Islands. Leiden: Backhuys Publishers.

Cowie RH, Holland BS. 2008. Molecular biogeography and
diversification of the endemic terrestrial fauna of the
Hawaiian Islands. Philos Trans R Soc Lond B 363:3363-76.

Cowie RH, Régnier C, Fontaine B, Bouchet P. 2017.
Measuring the sixth extinction: what do mollusks tell us.
Nautilus 131:3—41.

Curry PA, Yeung NW. 2013. Predation on endemic Hawaiian
land snails by the invasive snail Oxychilus alliarius.
Biodivers Conserv 22:3165-9.

Curtin P, Papworth S. 2018. Increased information and mar-
keting to specific individuals could shift conservation sup-
port to less popular species. Mar Policy 88:101-7.

Czech B, Krausman PR, Borkhataria R. 1998. Social construc-
tion, political power, and the allocation of benefits to en-
dangered species. Conserv Biol 12:1103-12.

Daily GC, Polasky S, Goldstein J, Kareiva PM, Mooney HA,
Pejchar L, Ricketts TH, Salzman J, Shallenberger R. 2009.

N. W. Yeung and K. A. Hayes

Ecosystem services in decision making: time to deliver.
Front Ecol Environ 7:21-8.

Diniz-Filho JAF, Loyola RD, Raia P, Mooers AO, Bini LM.
2013. Darwinian shortfalls in biodiversity conservation.
Trends Ecol Evol 28:689-95.

Donaldson MR, Burnett NJ, Braun DC, Suski CD, Hinch SG,
Cooke SJ, Kerr JT. 2016. Taxonomic bias and international
biodiversity conservation research. Facets 1:105-13.

Drew J. 2011. The role of natural history institutions and
bioinformatics in conservation biology. Conserv Biol
25:1250-2.

Dunn RR. 2005. Modern insect extinctions, the neglected
majority. Conserv Biol 19:1030-6.

Durand L, Vazquez LB. 2011. Biodiversity conservation dis-
courses. A case study on scientists and government author-
ities in Sierra de Huautla Biosphere Reserve, Mexico. Land
Use Policy 28:76-82.

Durkan TH, Yeung NW, Meyer WM III, Hayes KA, Cowie
RH. 2013. Evaluating the efficacy of land snail survey tech-
niques in Hawaii: implications for conservation throughout
the Pacific. Biodiv Conserv 22:3223-32.

Engler A. 1879. Versuch einer Entwicklungsgeschichte der
Pflanzenwelt: insbesondere der Florengebiete seit der
Tertidrperiode. Vol. 1. Leipzig: W. Engelmann.

Evenhuis NL. 2013. New microbombyliids (Diptera:
Mythicomyiidae) from Eocene Baltic and Rovno ambers,
with notes on previously described amber species. Zootaxa
3731:371-80.

Evenhuis NL, Cowie RH, Nishida GM, Samuelson GA,
Howarth FG. 1996. Saddle road project: assessment of the
impacts on invertebrates (land snails, insects and other
arthropods). Bishop Museum (HI): Hawaii Biological
Survey. p. 1-84.

Gargominy O. 2008. Beyond the alien invasion: a recently
discovered radiation of Nesopupinae (Gastropoda:
Pulmonata: Vertiginidae) from the summits of Tahiti
(Society Islands, French Polynesia). ] Conchol 39:517-36.

Gillespie RG, Roderick GK. 2002. Arthropods on islands: col-
onization, speciation, and conservation. Annu Rev Entomol
47:595-632.

Gittenberger E, Groenenberg DSJ, Kokshoorn B, Preece RC.
2006. Molecular trails from hitch-hiking snails. Nature
439:409.

Graham NR, Gruner DS, Lim JY, Gillespie RG. 2017. Island
ecology and evolution: challenges in the Anthropocene.
Environ Conserv 44:323-35.

Gulick JT. 1905. Evolution, racial and habitudinal. No. 25.
Washington (DC): Carnegie Institution of Washington.
Hadfield MS, Mountain BS. 1980. A field study of a vanishing
species, Achatinella mustelina (Gastropoda, Pulmonata), in

the Waianae Mountains of Oahu. Pac Sci 34:345-58.

Hart AD. 1975. Living jewels imperiled. Defenders 50:482—6.

Hart AD. 1978. The onslaught against Hawaii’s tree snails.
Nat Hist 87:46-57.

Hawksworth DL, Cowie RH. 2013. The discovery of histori-
cally extinct, but hitherto undescribed, species: an under-
appreciated element in extinction-rate assessments.
Biodivers Conserv 22:2429-32.

Hirano T, Wada S, Mori H, Uchida S, Saito T, Chiba S. 2018.
Genetic and morphometric rediscovery of an extinct land

Downloaded from https://academic.oup.com/icb/advance-article-abstract/doi/10.1093/icb/icy043/5032875
by University of Hawaii at Manoa Library user
on 21 June 2018



Biodiversity and extinction of Hawaiian land snails

snail on oceanic islands. ] Molluscan Stud published online
(doi: 10.1093/mollus/eyy003).

Holland BS, Cowie RH. 2009. Land snail models in island
biogeography: a tale of two snails. Am Malacol Bull
27:59-68.

TUCN. 2016. The ITUCN Red List of Threatened Species
(http://www.iucnredlist.org/).

IUCN. 2017. The IUCN Red List of Threatened Species
(http://www.iucnredlist.org/).

Jennings TJ, Barkham JP. 1976. Quantitative study of feeding
in woodland by the slug Arion ater. Oikos 27:168-73.

Johnson RI. 1996. Types of land and freshwater mollusks
from the Hawaiian Islands in the Museum of
Comparative Zoology. Bull Mus Comp Zool 155:159-214.

Kellert SR. 1993. Values and perceptions of invertebrates.
Conserv Biol 7:845-55.

Keppel G, Morrison C, Meyer JY, Boehmer HJ. 2014.
Isolated and vulnerable: the history and future of
Pacific Island terrestrial biodiversity. Pac Conserv Biol
20:136-45.

Kier G, Kreft H, Lee TM, Jetz W, Ibisch PL, Nowicki C,
Mutke J, Barthlott W. 2009. A global assessment of ende-
mism and species richness across island and mainland
regions. Proc Natl Acad Sci U S A 106:9322-7.

Kondo Y, Clench WJ. 1952. Charles Montague Cooke, Jr: a
bio-bibliography. Bishop Mus Bull 42:1-56.

Koppers AAP. 2009. Pacific region. In: Gillespie RG, Clague
DA, editors. Encyclopedia of islands. Los Angeles (CA):
University of California Press. p. 702-15.

Lara A, Little C, Urrutia R, McPhee J, Alvarez-Garretén C,
Oyarzin C, Soto D, Donoso P, Nahuelhual L, Pino M,
et al. 2009. Assessment of ecosystem services as an oppor-
tunity for the conservation and management of native for-
ests in Chile. For Ecol Manage 258:415-24.

Lavelle P, Decaéns T, Aubert M, Barot S, Blouin M, Bureau F,
Margerie P, Mor P, Rossi JP. 2006. Soil invertebrates and
ecosystem services. Eur J Soil Biol 42:53-S15.

Lee TE, McCarthy MA, Wintle BA, Bode M, Roberts DL,
Burgman MA. 2014. Inferring extinctions from sighting
records of variable reliability. ] Appl Ecol 51:251-8.

Lindemann-Matthies P. 2005. ‘Loveable’ mammals and ‘life-
less’ plants: how children’s interest in common local organ-
isms can be enhanced through observation of nature. Int J
Sci Educ 27:655-77.

MacArthur RH, Wilson EO. 1963. An equilibrium theory of
insular zoogeography. Evolution 17:373-87.

Mace GM. 2004. The role of taxonomy in species conserva-
tion. Philos Trans R Soc Lond B 359:711-9.

Mace GM, Norris K, Fitter AH. 2012. Biodiversity and eco-
system services: a multilayered relationship. Trends Ecol
Evol 27:19-26.

Martin-Lépez B, Montes C, Ramirez L, Benayas J. 2009. What
drives policy decision-making related to species conserva-
tion? Biol Conserv 142:1370-80.

Mascaro J, Becklund KK, Hughes RF, Schnitzer SA. 2008.
Limited native plant regeneration in novel, exotic-
dominated forests on Hawaii. For Ecol Manage
256:593—-606.

Mascia MB, Brosius JP, Dobson TA, Forbes BC, Horowitz L,
McKean MA, Turner NJ. 2003. Conservation and the social
sciences. Conserv Biol 17:649-50.

11

McKinley DC, Miller-Rushing AJ, Ballard HL, Bonney R,
Brown H, Cook-Patton SC, Evans DM, French RA,
Parrish JK, Phillips TB, et al. 2017. Citizen science can
improve conservation science, natural resource manage-
ment, and environmental protection. Biol Conserv
208:15-28.

Meyer JY, Pouteau R, Spotswood E, Taputuarai R,
Fourdrigniez M. 2015. The importance of novel and hybrid
habitats for plant conservation on islands: a case study
from Moorea (South Pacific). Biodivers Conserv 24:83—101.

Meyer WM III. 2006. Records of rare ground-dwelling land
snails on Oahu. Bishop Mus Occ Pap 88:57-8.

Meyer WM III. 2012. Native Hawaiian succineids prefer non-
native ginger (Hedychium spp.) plant species in the Kohala
Mountains, Hawaii: conservation ramifications. Am
Malacol Bull 30:147-51.

Meyer WM III, Ostertag R, Cowie RH. 2013. Influence of
terrestrial molluscs on litter decomposition and nutrient
release in a Hawaiian rain forest. Biotropica 45:719-27.

Miller SE, Burgett J, Bruegmann M. 1995. Surveys of arthro-
pod and gastropod diversity in the geothermal resource
subzones, Puna, Hawaii. Fish and Wildlife Service,
Honolulu (HI): Pacific Islands Office. p. 1-72.

Monfils AK, Powers KE, Marshall CJ, Martine CT, Smith JF,
Prather LA. 2017. Natural history collections: teaching
about biodiversity across time, space, and digital platforms.
Southeast Nat 16:47-57.

Mora C, Tittensor DP, Adl S, Simpson AG, Worm B. 2011.
How many species are there on Earth and in the ocean?
PLoS Biol published online (doi:10.1371/
journal.pbio.1001127).

Mordan P, Wade C. 2008. Heterobranchia II: the Pulmonata.
In: Ponder WF, Lindberg DR, editors. Phylogeny and evo-
lution of the Mollusca. Berkley (CA): University of
California Press. p. 409-26.

Moretzsohn F, McShane M. 2003. Invertebrate survey of
Hakalau National Wildlife Refuge, Hawaii. Hawaii
Biological Survey, Bishop Museum, 29 p.

Natural Area Reserves System Hawaii. 1990. Mount Kaala
natural area reserve management plan. Department of
Land and Natural Resources, Honolulu, HI. 52 p.

Natural Area Reserves System Hawaii. 2016. Pahole natural
area reserve management plan. Department of Land and
Natural Resources, Honolulu, HI. 80 p.

Neal MC. 1934. Hawaiian Helicinidae. Bernice P. Bishop Mus
Bull 125:1-102.

New TR. 1999. Untangling the web: spiders and the chal-
lenges of invertebrate conservation. ] Insect Conserv
3:251-6.

Page LM, MacFadden BJ, Fortes JA, Soltis PS, Riccardi G.
2015. Digitization of biodiversity collections reveals biggest
data on biodiversity. BioScience 65:841-2.

Parsons W. 2001. Scientists and politicians: the need to com-
municate. Public Underst Sci 10:303—-14.

Patrick P, Tunnicliffe SD. 2011. What plants and animals do
early childhood and primary students’ name? Where do
they see them? J Sci Educ Technol 20:630—42.

Pilsbry HA, Cooke CM Jr. 1914-16. Manual of conchology.
Second series: Pulmonata. Vol. XXIII. Appendix to
Amastridae. Tornatellidinae. Index, Vols XXI-XXIII.
Philadelphia (PA): Academy of Natural Sciences.

Downloaded from https://academic.oup.com/icb/advance-article-abstract/doi/10.1093/icb/icy043/5032875

by University of Hawaii at Manoa Library user
on 21 June 2018


http://www.iucnredlist.org/
http://www.iucnredlist.org/

12

Prokop P, Prokop M, Tunnicliffe SD. 2008. Effects of keeping
animals as pets on children’s concepts of vertebrates and
invertebrates. Int J Sci Educ 30:431-49.

Prokop P, Randler C. 2018. Biological predispositions and
individual differences in human attitudes toward animals.
In: Alves RRN, Albuquerque UP, editors. Ethnozoology:
animals in our lives. London: Academic Press. p. 447—66.

Ramage T, Martins-Simoes P, Mialdea G, Allemand R,
Duplouy A, Rousse P, Davies N, Roderick GK, Charlat S.
2017. A DNA barcode-based survey of terrestrial arthro-
pods in the Society Islands of French Polynesia: host di-
versity within the SymbioCode Project. Eur ] Taxon
272:1-13.

Rapacciuolo G, Ball-Damerow JE, Zeilinger AR, Resh VH.
2017. Detecting long-term  occupancy changes in
Californian odonates from natural history and citizen sci-
ence records. Biodivers Conserv 26:2933—49.

Régnier C, Achaz G, Lambert A, Cowie RH, Bouchet P,
Fontaine B. 2015a. Mass extinction in poorly known taxa.
Proc Natl Acad Sci U S A 112:7761-6.

Régnier C, Bouchet P, Hayes KA, Yeung NW, Christensen
CC, Chung DJ, Fontaine B, Cowie RH. 2015b. Extinction
in a hyperdiverse endemic Hawaiian land snail family and
implications for the underestimation of invertebrate extinc-
tion. Conserv Biol 29:1715-23.

Richling I, Bouchet P. 2013. Extinct even before scientific
recognition: a remarkable radiation of helicinid snails
(Helicinidae) on the Gambier Islands, French Polynesia.
Biodivers Conserv 22:2433—68.

Rundell RJ. 2011. Snails on an evolutionary tree: gulick, spe-
ciation, and isolation. Am Malacol Bull 29:145-57.

Rundell RJ, Cowie RH. 2003. Growth and reproduction in
Hawaiian succineid land snails. ] Molluscan Stud 69:288-9.

Rundell R], Holland BS, Cowie RH. 2004. Molecular phylog-
eny and biogeography of the endemic Hawaiian
Succineidae (Gastropoda: Pulmonata). Mol Phylogenet
Evol 31:246-55.

Safina C. 2018. In defense of biodiversity: why protecting
species from extinction matters (https://e360.yale.edu/fea-
tures/in-defense-of-biodiversity-why-protecting-species-
from-extinction-matters).

Sartori AF, Gargominy O, Fontaine B. 2013. Anthropogenic
extinction of Pacific land snails: a case study of Rurutu,
French Polynesia, with description of eight new species of
endodontids (Pulmonata). Zootaxa 3640:343-72.

Schlegel J, Breuer G, Rupf R. 2015. Local insects as flagship
species to promote nature conservation? A survey among
primary school children on their attitudes toward inverte-
brates. Anthrozoos 28:229-45.

Silvertown J. 2009. A new dawn for citizen science. Trends
Ecol Evol 24:467-71.

Simberloff DS. 1974. Equilibrium theory of island biogeogra-
phy and ecology. Annu Rev Ecol Syst 5:161-82.

Skottsberg C. 1939. Remarks on the Hawaiian flora. Proc
Linn Soc Lond 151:181-6.

Solem A. 1983. Endodontoid land snails from Pacific islands
(Mollusca: Pulmonata: Sigmurethra), pt. 2: families
Punctidae and Charopidae, Zoogeography. Chicago (IL):
Field Museum of Natural History.

Solem A. 1984. A world model of land snail diversity and
abundance. In: Solem A, van Bruggen AC, editors. World-

N. W. Yeung and K. A. Hayes

wide snails: biogeographical studies on non-marine
Mollusca. Leiden: Brill & Backhuys. p. 6-22.

Solem A. 1990. How many Hawaiian land snail species are
left? And what we can do for them. Bishop Mus Occ Pap
30:27-40.

Steadman DW. 1995. Prehistoric extinctions of Pacific island
birds:  biodiversity = meets  zooarchaeology.  Science
267:1123-31.

Steadman DW. 2006. Extinction and biogeography of tropical
Pacific birds. Chicago (IL): University of Chicago Press.
Stevenson RD, Haber WA, Morris RA. 2003. Electronic field
guides and user communities in the eco-informatics revo-

lution. Conserv Ecol 7:3.

Stokes DL. 2007. Things we like: human preferences among
similar organisms and implications for conservation. Hum
Ecol 35:361-9.

Stokes DL. 2018. Why conserving species in the wild still
matters. Biodivers Conserv 27:6.

Suarez AV, Tsutsui ND. 2004. The value of museum collec-
tions for research and society. BioScience 54:66-74.

Tewksbury JJ, Anderson JGT, Bakker JD, Billo TJ, Dunwiddie
PW, Groom M]J, Hampton SE, Herman SG, Levey DJ,
Machnicki NJ, et al. 2014. Natural history’s place in science
and society. BioScience 64:300-10.

Theenhaus A, Scheu S. 1996. The influence of slug (Arion
rufus) mucus and cast material addition on microbial bio-
mass, respiration, and nutrient cycling in beech leaf litter.
Biol Fertil Soils 23:80-5.

Titley MA, Snaddon JL, Turner EC. 2017. Scientific research
on animal biodiversity is systematically biased towards ver-
tebrates and temperate regions. PLoS One published online
(doi:10.1371/journal.pone.0189577).

Troudet J, Grandcolas P, Blin A, Vignes-Lebbe R, Legendre F.
2017. Taxonomic bias in biodiversity data and societal
preferences. Sci Rep published online 7 (doi:10.1038/
$41598-017-09084-6).

USFWS. 1981. Endangered and threatened wildlife and plants;
listing the Hawaiian (Oahu) tree snails of the genus
Achatinella, as endangered. Fed Regist 16:3178-82.

Uys C, Hamer M, Slotow R. 2010. Step process for selecting
and testing surrogates and indicators of Afrotemperate for-
est invertebrate diversity. PLoS One published online
(doi:10.1371/journal.pone.0009100).

Vetter RS. 2013. Arachnophobic entomologists: when two
more legs makes a big difference. Am Entomol 59:168-75.

von Staden L, Raimondo D, Dayaram A. 2013. Taxonomic
research priorities for the conservation of the South African
flora. S Afr J Sci 109:1-57.

Wallace AR. 1902. Island life, or, the phenomena and causes
of insular faunas and floras: including a revision and
attempted solution of the problem of geological climates.
London: MacMillan.

Ward DF, Lariviere MC. 2004. Terrestrial invertebrate surveys
and rapid biodiversity assessment in New Zealand: lessons
from Australia. N Z J Ecol 28:151-9.

Whittaker RJ. 1998. Island biogeography: ecology, evolution
and conservation. Oxford: Oxford University Press.

Whittaker RJ, Ferndndez-Palacios JM, Matthews TJ,
Borregaard MK, Triantis KA. 2017. Island biogeography:
taking the long view of nature’s laboratories. Science pub-
lished online (doi: 10.1126/science.aam8326).

Downloaded from https://academic.oup.com/icb/advance-article-abstract/doi/10.1093/icb/icy043/5032875
by University of Hawaii at Manoa Library user

on 21 June 2018


https://e360.yale.edu/features/in-defense-of-biodiversity-why-protecting-species-from-extinction-matters
https://e360.yale.edu/features/in-defense-of-biodiversity-why-protecting-species-from-extinction-matters
https://e360.yale.edu/features/in-defense-of-biodiversity-why-protecting-species-from-extinction-matters

Biodiversity and extinction of Hawaiian land snails

Whitten H. 1980. Endangered Hawaiian tree snail. Honolulu
Star Bulletin, July 14. Section A: 18.

Wood KR. 2012. Possible extinctions, rediscoveries, and new
plant records within the Hawaiian Islands. Bishop Mus Occ
Pap 113:91-102.

Wood JR, Alcover JA, Blackburn TM, Bover P, Duncan RP,
Hume JP, Louys J, Meijer HJM, Rando JC, Wilmshurst
JM. 2017. Island extinctions: processes, patterns, and po-
tential for ecosystem restoration. Environ Conserv
44:348-58.

Yeung NW, Chung D, Sischo DR, Hayes KA. 2015.
Rediscovery  of  Auriculella  pulchra  Pease, 1868

13

Achatinellidae). Bishop Mus

(Gastropoda: Pulmonata:
Occ Pap 116:49-51.

Yeung NW, Bustamente KM, Sischo DR, Hayes HA. 2018.
Rediscovery of Newcombia canaliculata (Baldwin 1895)
(Gastropoda:  Achatinellidae) and Laminella  venusta
(Mighels, 1845) (Gastropoda: Amastridae). Bishop Mus
Occ Pap 123:31-6.

Zamin TJ, Baillie JEM, Miller RM, Rodriguez JP, Ardid A,
Collen B. 2010. National red listing beyond the 2010 target.
Conserv Biol 24:1012-20.

Zimmerman EC. 1948. Insects of Hawaii. Vol. 1.
Introduction. Honolulu (HI): University of Hawaii Press.

Downloaded from https://academic.oup.com/icb/advance-article-abstract/doi/10.1093/icb/icy043/5032875
by University of Hawaii at Manoa Library user
on 21 June 2018



