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In January 2022, Benoit Fontaine and PhiliBpechet of the NimemornianitdohniBRBurch 2
Mus®um nati onal (Rhdsinds$puldisheda n a N

" . Lo . . ews )
paper about biodiversity extinction entitlétle Sixth Mass Landsnailsof E dod N haBrasil 6
Extinction: fact, fiction or speculationPerhaps not Sec el S R ol BEel U e
surprisingly, we concluded that although the current human Molluscs in henew Red Book 6 Ukraine 8
cause biodiversity crisis has not yet reached the level of the Chittenango ovate amber spailew York, USA 11
previous five naturalhicaused mass extinction events that Freshwater mussels of Paraguay 16
have generally been recognisea: are probably well into the Tree snails in south Florida 17

early stages dhe Sixth MassExtinction. The papehas

. T Diseasehreates giant snail, S4o Tomé ad Principe 19
attracted considebde media interest. g i

Museum collection datas conservation resources 21
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Status of four mollusc species assessed in Canada 27

While our conclusions addressed all of biodiversitgytivere
based to a great extent on extrapolations derived from our
previous studies on mollusc extinctioh®e estimated that 10
17% of land snails have gone extinct during thesewof the

current biodiversity crisis. Freshwater mollustay have Freshwater mussel CONFREMUS project, Europe 29
suffered a similar fatdgut among marine molluscs only three Evaluating thestatus of freshwater mussels, Brasil 29
are thought to be extinct and three possibly extinct. Freshwaster molluscs in the Western Ghats, India 31
Underseverabroad assumptions, we extrapolated to all Virtual malacological collections, Argentina 34
known biodivesity and arrived at the depressing estimate that Petition to protecGonidea angulatawestern USA 35
probably around 200,000 of the roughly 2 million known Land snail surveys in Uttar Pradesh, India 37
species have gone extirag a result of human activities. Pacific island land snails: 0
Many of the contributors tdenticleare involved in valiant Partula, Hawaiian land snails (two articles)

efforts to stop the extinction of some of the most endangered Marine matters: a1
molluscs others are involved in important fiesurveys to find Pakistan reef ecosystem protectiRed Listing UK

and collect representatives of hitherto unknown molluscs, in the Overseas Territories mae biodiversity

hope of being able to at least geeve thenin museums before Recent publications relevant to mollusc conservation49
they go extinctAll these efforts are extremely mportabpt in IUCN and Mollusc Specialist Group news 51
our paper we stressed the need to collect specjrespscially Nectings 2022 =
of undescribed specieand deposit them in museums so that in g

200, 300, 500 yearw whateverpur descendents wiltill be Internet resources 55
able to se¢he spectacular diversity efatwill have been lost Guidelines for publication iffentacle 59
Cowie, R.H, Bouchet, P. &ontaine, B. 2022. The SixiiassExtinction: Mollusc Specialist Groumembers 60

fact, fiction or speculatiorBiological Review87:640-663
Robert H. Cowie
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research (supported by NIH, NSF and the World Health
IN MEMORIAM _ Organization) and international outreach, the latter involving
JOHN B. BURCH (1929 2021 numerous workshops on medical malacology as well as the

training of scientists from a large diversdfcountriesHe
From Diarmaid O Foighil, University of Michigan received many honors including the Lifetime Achievement
Award of the Freshwater Mollusk Conservation Society, and
special recognition from the American Malacological Society,
Science Society of Thailand, the Malacatad Society of the
Philippinesand the Korean Society of Malacology.

Jack was also distinguished by his prodigious outreach and
service to malacology as a discipline. One aspect of this was
his exquisite guides todth American freshwater mollusc
(Freshwater Unionacean Qtas of North America

Freshwater Sphaeriacean Clams of North Ameridarth
American Freshwater Snajland land snaild@nd Snails of

The University of Michigan Biological Station Area
Identification of Eastern North American Land Snaidsw to
Know Easern Land Snails Another was his astonishing

record of founding four new malacological journals, one of
which, Malacologia endures. The other three are now either
transformed into a new entityMalkerara, nowFreshwater
Mollusk Biology and Conservatipror retiredafter decades of
production Malacological Reviewdournal of Medical and
Applied Malacology. Jack was a gregarious and generous
personality, who formed litong friendships with many of his
students and colleagues, some of whom have written personal
reminiscencegbouthimis cr ol I down to the
John B. Buthixphgio perise tkem.

Fig. 1.John B. Burch posing with a specimerLifsacathina
fulicain the University of Michigan Museumofozo | ogy 6 s dr
mollusc collection (1990s).

We unfortunately lost a cherished colleague in 2021, the =
legendary mal acol ogi stadaonhn B.[
extraordinary, londived and highly influential career in

science, serving as Professor and Curator of Mollusks at the
University of Michigan since 196E&Mmeritussince 2001). See
below an outline o§ome of the highlights (details are

available inhis CV), as well as a summary, based partially on
Jackds oral accounts (tso the
remarkable 1970 Society Islands collections and their
conservation research importance.

of h

of two peninsulas and the photo was taken on a Thihthe
smaller peninsula) north shore beach with TeMiti (the larger
Jack had broad interests in the biology of-nuarine peninsula) in the bagkound.

Mollusca, especially freshwater snails, and he made numerous
significant contributions to their global studyarly in his

Society Islands field ollections

career, a major focus was the application of karyological, In 1970, Jack spent five months in the Socislgnds (Fig2),
serological and tissueilture techniques to characterithe much of it sampling endemic Partulidae, in collaboration with
roles of intermediate snail hosts in the epidemiology of human  his good friendroshio Kondo(Bishop MuseumHonoluly.
schistosome parasites. One of his major immeytological Their primary goal was to bui
discoveries was the presence of cryptic diploid and polyploid work (Crampton, 1916) by publishing a monographic revision
(tetra/hexa/octoploid) lineages in populationshef important of TahitianPartula species that would incorporate detailed
intermediate hodBulinus truncate$ropicuscomplexthat anatomical (Kondob6s speeialty
were differentially susceptible to infection by human taxonomic (Burchoés specialty)
schistosome pardses. This seminal work led to years of now obsolete, used thalbit immune system as an indirect
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biochemical assay of inferred relatedness among snail species
of interest. Snaiantigens, prepared by lyophihg (freeze

drying) foot tissue, were injected into rabbits and the resulting
polyclonal antibodies werehavws t ed and

to Jack, the following sequence of events: local agricultural
scientists, spurred by horticultural losses, woekth out to
colleagues in Hawefor advice on how to control this new

it est e dedtspedes; thaysntturn would claim to have the perfect

antigens of other snail species to assay the comparative degree biocontrol agent at hané&(@glandina rosepand recommend

of among species crossactivity (stronger croseactivity
implied closer relatedness).

Jackds collecting trip had
quite conprehensivefor example see his sampling map of
Tahitian valleys (Fig3). Most of the tree snails sampled were
airmailed alive to his lab in AnArbor for lyophilisation (Fig.
4). It occurred just 4 years prior to the fateful introduction of
the rosy wdknail, Euglandina rosedPointier& Blanc,1985).

VALLEYS CowlEcTED By BurcH & Co.

» VALLEYS COLLECTED
BY CRAMPTON

Fig.33.Tahiti sampling maps frol
comparing the valleys he sampled (right) with those collected by
Crampton (1916). Burch was accompanied by his University of
Michigan colleague Jim Cather and by his thery&drold son

Jom B. (fiJackied) Burch, Jr.

Fig. 4. Some of the many hundreds of 1970 partulid snail tisst

samples |lyophilised Bur chos

in Ann Arbor from live, airmailed specimens.

by

Failed conservation htervention

There is an interestfy conservation subtekto 3 890k 6
fieldwork: he had been forewarned by Yoshio Kondo about an
incipient danger facing Society Islapdrtulids. Yoshio had

heard reports that theagt African land snaill.issachatina

fulica, had recently appeared in the archipelago. He predicted,

t hCRENIR HaWay | e

its introduction; this would lead to the collapse and extirpation
of many local endemic land snail populations, as alesady

characteri sti
Yoshio requested that Jack preemptively argue agdiisst
course of action, emphaisig the grave consequences for
endemic Society Island snails. Jack dutifully did so. Donning

csSs.

hissefdescri bed fAbest clotheso,
Millaud,Di r ect eur du Seravhisoféceide |
Piarade (Papeete, Tahiti). It
Jackds argument but was uncon
control worked and that they
recalled that Millaudds | ast
|l eaving, was: fiWhatoés more i m

modern sensibilities, that perspective may seem misguided, if
not shockingput itis important to emphasighat such views
were then the norm among agricultural scientists and
government officialse.g.see the fhowing quote from

Lambert (1974 a South Pacific Commission (SPC) tropical
agriculturalist:

The SPC has promotednd financed- the introduction

of the predator&uglandina roseand Gonaxis quadra
lateralis[sic] into New Caledonia and the New Hebrides
at the request of their territorial dministrations and in
collaboration with local scientists. It is conducting
researchaimed at discovering other predators and
investigating the best combinations of those that are
already known. It goes without saying that the SPC wiill
wholeheartedly welcome and carefully examine any
suggestions concerning crop protection awuhatina
cortrol, and will be happy to answer any requests for
information.

Kondo & Burch partulid publications

In subsequent years, Yoshio and Jack collectively publisiked
papers based on the 1970 collections (Kondo, 1973, 1981;
Kondo & Burch 1972, 1979,198018 9) , pri or to
death in 1990. Although valuable, all of them were short
contributions, and the primary gdahn integrative revisionary
monograph of TahitiaRartula specie$ was never completed,
although it was later mentioned as a Kondo (posthus) &
Burch manuscript fAin preparat
draft of the man upomtedspnpling,n Ja
conchologicabnd anatomical data but no immutaxonomic

results; it appears thdtd extensive 1970 lyophiésl material
wasseyey pul e itsdndended ysg. Jack and hissfamily had s a y
suffered a devastating personal tragedy in 1976 when his son,
John B. Burch Jr. (who had accompanied him to Tahiti), died
unexpectedly at the age of 20. More than onwéfsity of
Michigancolleagueh as r emar ked t o me th
the samedo afterwards. He and
to try living in Australia in 1978 and he worked as an Australian
Museum research associate until 1980 when they eventually
returned to Ann Arbor. It is dte possible that Jack found it too
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painful to reengage with and complete the Tahitian project.

After Kondods IpJlackknewagoutithe
lyophilised partulid collection sequestered safely in his lab.
fiRedi scoveryo of tése

Jack was highly social and hosted a regular Friday afternoon
Australianstyle POETSgettogether at his favorite Ann Arbor
waterhole Good Time Cha | e kletoften talked about field
work experiences and seemed to have sampled just about
everywhere: if a remote location/island came up in
conversation, he had typically been there (twice) and had a
sampling story to match. From time to time he wowadually
mention having spent a lot of time on Tahiti but did not
elaborate. That did not strike me as being particularly notable:
of course he had been there, as well as in almost every major
archipelago across Oceania.

Jackds r et i cen ccellectior peesistetiuntilg
after his retirement, when we were decommissioning his
laboratory. He brought up Tahiti again, while simultaneously,
with a barely concealed flourish, swinging open his lab freezer
door. | was completely unprepared for its cottea fabled,
largely extinctpartulid radiation in lyophilied form! Once |

picked my jaw off the floor, and recovered my power of
speech, | told Jack that we had to work together on these
specimens (despite my complete lack of experience with
terrestridsnails). Part of my motivation stemmed from the
pressing need many university research museums face from
central administrations to justify the maintenance and growth
of their research collectisnd ac k 6 s 1970 eda mpl
the fundamental researehnd conservation value of such
collections so emphatically that even the most obdurate
administrator would surely see the light?

Fig. 5. Gone but not forgotten. Trevor Coote (198R®1, on left)
and Jack Burch (on right) on Mt. Marau, Tabhiti in 2005.

Thus began a marvelous new line of collaborative research (a
list of resultingpublications is provided belgw. Jac k 6 s
lyophilised samples proved to be highly amenable to
molecular approaches. By combining them with extant captive
and relict wild populations, we have been able to

comprehensively address a suite of basic research and applied

conservation questions pertainitiggthe Society Islands

partulid radiation, and to Partulidae as a whole, that had

1 9 9 0 previmusly seemed out of reach. For instaaoground

breaking 2009 phylogenomic stuydgd by Ananda Haponski,

1970 flrrrrgylg ta[blirhﬁq}thesor? of fiweéndward Island
ulas ec

(MooreaandTal Part es complexes and, notably,
all five have extant members. There is still hope!
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NEWS

The Tony Whitten ConservationAward 2021
From the Editor

Tony Whitten(19532017) was an inspirational
conservationist who championed biodiversity across Asia
and beyondseeTentacle26). As a tribute to himthe Tony
Whitten Conservation Awardias established in 2018/ the
Cambridge Conservation Initiative (CQH celebrate early
career resgahers from East and Southeast Asia working on
any area of conservation or field biolgdyut especiallyhe
overlooked species and habitats that Tony was most
passionate abousuch as caves and karst ecosystems, and
little-studied invertebrates and fish&Vinners of the2019
awards included three working on molluscs ($eatacle28)
and one of the 2020 winneatso worked on molluscs (see
Tentacle29).

The five 202 winners were
announced in théanuary2022
issue ofOryx (Oryx56(1): 15.
One of the winners waghe-
Yu Chen for hiswork on the
systematics and diversity of
land snails in southern China
focusal on microsnailsn karst
areas. He has discovergil
new taxa, including severew
generaandsubstantially
extended the known range of
genera previously thought to be
restricted to Souteast Asia
Zhe-Yu will put his award towards the cesf nuseum visits,
field tripsand laboratory identification of his specimens.

A

Zhe-Yu Chen

sna ‘nladdfltignus& %ighly commended young biologists were

announced, including onklarold B. Lipagalsofor work on
the diversity and taxonomy of microsnails in karst ecosystems
in this case thosef southern Luzon, Philippines.

A new species oPartula described
Fromthe Editor

In 2021,in the journalZookeysDave Sischo and Mike
Hadfielddescribed a new speciesRdrtula from the island of
Rota in the Northern Mariana Islandisthe western Pacifjc
naming itPartula lutaensisfor Luta, the indigenous
Chamorro name for the
island

Theauthors explain that
theU.S. administered
Mariana Islands, consisting
of Guam n the South and
the Commonwealth of the
Northern Mariana Islands
(CNMI) in the north,
historically harbared six
endemic partulid species,
althoughhalf of themare
now thought to be extinct.
While conducting a
phylogenetic assessment o1}
Partula gibbg anextant
treesnail with a range
spanning at least seven
islandsacrosshe
archipelago, they
discovered that what had
been identified aP. gibba
on Rota idn facta misidentified cryptic species.

Partula lutaensisa new
partulid species from Rota,
Northern Mariana Islands,
described by Dave Sischo and
Mike Hadfield. (Photo: D.
Sischo)

BecausdP. lutaensishas suffered population declines dras

a restricted range, consisting solely of the small island of Rota,
the authordighlightedthe urgent need for conservation
measures.

Severe climatedriven loss of native molluscs
reported off | srael és

From: Oryx 55(3):328 May 2021

Native mollusc populations along the coast of Israel have
collapsed by-90% in recent decades because they cannot
tolerate the increasingly hot water, which raisescerns

about the wider ecosystem and neighbouring regions.
Scientists said the sharp decline of native cockles, whelks and
other invertebrates in shallow, subtidal waters is likely to also
affect other countries in the region and would continue to
progress westward to Greece and beyond as global
temperatures increase. The study estimates native mollusc
populations have fallen to 12% of their historical species
richness on sedimentary substrates, and to 5% on rocky
substrates. The research team took sasradlenultiple points,

cCoasH
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then compared living mollusc numbers with previous
population sizes, which were estimated from empty shells
found in sediment. The shortfall exceeded anything seen
before. As well as stepping up protections of the still relatively
pristinedeep waters and tackling locadproblems like
pollution, the only way to address this sifto tackle climate
change by reducing emissions as soon as possible.
SourcesProceedings of the Royal Society B 288: 2020246
(2021) The Guardian (2021)

THE ENDEMIC LAND SNAILS OF THE
FERNANDO DE NORONHA
ARCHIPELAGO, BRAS IL

By Rodrigo B. Salvador, Daniel C. Cavallari, Carl C. Fig. 2. Aerial view of Noronhadource: Wikimedia Commons

Christensen, André V. L. Freitas, Marcel S. Miranda & Flavio GNU-FDL, 2004; CC B¥SA 3.0}

D. Passos Systematics

Fernando de Noronha (hencef or fidlorically, ek trBeheAd@mic sheties &d N@rénfihBve C
archipelago bvolcanic origin, located350 km off the been classified in three monospecific genasBonnanius

northeast coast of Bs(Fig. 1). The eponymous main island ramagei(Smith, 1890) Hyperaulaxridleyi (Smith, 1890)and

of Brasilian resources during thisth and 17th centuries (Lins have recently gone through taxonomic revisions involving
& Silva, 2013). The islandias also briefly occupied by the morphological and motailar analyses, which have resulted in
British, French and Dutclit alsoserved as a prison until the some important changes.

mid-20th century (Pessoa, 2014). _ . .
y( ) The genuBonnaniuslousseaume, 1900 is how considered a

e e synonym ofHyperaulaxPilsbry, 1897 (Salvador & Cavallari,
T N i 2019). Thus, its single species is now classifiedygseraulax
”2_:,\? y ramagei(Fig. 3). Furthermore, molecular data binridleyi
’_‘ S Pal < Rata I (Fig. 4 havesupporteglacemenbf Hyperaulaxin the
BRAZIL 8 i Odontostomidae (Orthalicoidea; Salvador & Cavallari, 2019).
f - That analysis also suggested tHgperaulaxis closely related
' to the continental gent®mgerusSpix, 1827.

TAETE
L

TATE
L L

503
'l

Lp : Ridleya quinqueliratdFig. 5 is the species that underwent
1 ? L most changes in nomenclature and classification. First, the

< gastropod genuRidleyaAncey, 1901 was recognized as a
junior homonym of the sponge gerRlleyaDelage &
Hérouard 1899 (Christensen, 2020). As such, a new name was
proposed for the snail genwRidleyconchaChristensen, 2020.

5103

75203

5303

Km
4

Throughout the decadeRidleyconchajuinqueliratawas
—— classified in several stylommatophoran families: Streptaxidae,

T T T T T T T T T T T T
HPATW HIHTW HWITCW IR RO agprnw g REnw W

Fig. 1. Location of the Fernando de Noronha archipelago off tt
Brasilian coast.

Noronha still had much of its natural cover when Darwin
visited it in 1832 (Darwin, 1839), but most of that had already
beencut down by the end of the 19th century (Ridley, 1890).
Today, most of its area is a national marine reserve and the
archipelago is a UNESCO World Heritage k. 2)

Noronhaodés terrestri al snai l f auna

(including pessiblyintroduced ones) and endemics. Similar to

what is seen on other archipelagos around the world, Fig. 3. Hyperaulax ramageiectotype (NHMUK 1988.6.24.163)
Noronhads endemic species ar e inthreeviews. This species was originally descrieBaimus € S t
the Brailian land snails. (Bulimulug ridleyi Smith, 1890.



https://royalsocietypublishing.org/doi/pdf/10.1098/rspb.2020.2469
https://royalsocietypublishing.org/doi/pdf/10.1098/rspb.2020.2469
https://www.theguardian.com/environment/2021/jan/06/severe-climate-driven-loss-of-native-molluscs-reported-off-israels-coast
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Fig. 4. Hyperaulax ridleyij
lectotype (NHMUK
1888.6.27.16) in two
views. This species was
originally described as
Bulimus(Tomigeru3
ramageiSmith, 1890.

Fig. 5. Ridleyconcha
quinqueliratg syntype
(NHMUK 1988.6.27.135).
This species was originally
described ablelix
(Ophiogyre?) quinquelirata
Smith, 1890.

Endodontidae, Cliapidae and Camaenidae. In a recentew
based solely on conchological characters, Salvador (2019a)
proposed that it belonged instead in the family Scolodontidae. A
new phylogenetic study based on genetic markers has
confirmedits placemenin Scolodontilae with Ridleyconchas
the sister taxon t&ntodinaAncey, 1887 (Salvado2021).

Finally, there is a fourth @siblyendemic species from
NoronhaGastrocopta solitarigSmith, 1890). However,
given thatspecies oPupilloideahave beemeadilyintroduced
worldwide, a reassessment of the validity of this species is
needed.

These latest morphological and molecular analiises thus
permittedr evi si on of Noronhaos
in several advances in our knowledge of them.

Conservation

However there are now issuesgarding the conservation of
these snails that need to be addresBegitaset al (2019)
recently conducted a land snail survey in Noronha, reporting
on the spee s 6
Of a btal of 20 surveyed sites on the main island, land snails
were foundatonly three two of them with live snails (Fig.)6
and a third where londead or subfossil shells bff. ridleyi

were reovered from a dune deposit. Beeauthors reported
four land sné species on Noronhd. ridleyi, R.

quinquelirata Beckianum beckianu(®feiffer, 1846)and
Allopeas gracilgHutton, 1834).

The latter two species are widespread in the neotropics, but
both have been widely distributed by human commerce.
Beckianum bddganumis believed to be native to Central and
South America, though it now occurs elsewhere as well
(Pilsbry, 19061907; Cowig 1997).Allopeas gracilés now
pantropical in distribution and even though a neotropical
origin has been suggested (d2dsbry, 1946), its presence in
the fossil and prenodern archaeological record from Africa to
the islands of Polynesia indicates an origin inGhe\World
tropics (Christensen & Weisler, 2013). As sukhgracilehas

in all likelihood been introduceith Nororha, whileB.

2l ﬁ» S, 3

di stri butnteerarchapalago.a b u

Fig. 6. Habitat and vegetation on the coastal lowland plains ne
Cacimba do Padre beaakhere Freitast al (2019) foundA.
gracile, B. beckianumH. ridleyi andR. quinquelirata

beckianunmay be considered asgmidy introduced.

Other notable introduced species in &lrare thankfully

absent from Noronha, such as the giant African snail
Lissachatina fulicgBowdich, 1822) and the Asian trarapail
Bradybaena similris (Férussac]1821]). Freitaset al (2019)
hypothesied that the arid conditions of the archipelago would
act as a deterrent to their establishment.

Hyperaulax ridleyiwas the most abundant species reported by
Freitaset al (2019), whileR. quinqueliréa was restrited to a
single locality (Fig. J. Despite the good news of finding these
endemics alive (and in sites with moderate to high
anthropgeric disturbance), their limited distribution might be

e n d£réakoh fodortdrfHabitdt destrliclion is EoRstaerfo bel N g

the main threat to Noronhabos
forests have been widely converted to secondary vegetation
over the past two centuries (Freitsal, 2019).

Freitaset al (2019) did not find the endemidyperaulax
ramageior the possiblyendemidGastrocopta solitarian their
aURVaYnThey also did not fifdhinus pubescer{Moricand,
1846), a mainland species that had been reppreadously

Fig. 7. Left: live H. ridleyi found undettoose bark of a live
shrub.Right: live R. quinquelirataunderdeadbark on the sail
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from Noronha (Simone, 2006). As a confirmed endemic
speciesHyperaulax ramages of particular interest. This
specieshasnot beenfound aliveduringany collectng efforts

since the 1990s (Salvador & Cavallari, 2019). Museum
specimens dfl. ramagethat still have a welpreserved
periostracum typically date back to the first half of 20t

century (Salvador & Cavallari, 2019), indicating that the species
was still alive back then. Eithéis species still surviven a

very restricted range or, more likely, it has become extinct.

Of the~700land snail species found in Bila®nly an

insignificant number has any sort of protection (Salvador,
201%). The work done on the endemic snails of Noronha in
the past few years will allow assessment of the risks that each
species facgand determine their conservation status
according tadhe IUCN guidelines (IUCN, 2012). Vulnerability

to extinction is correlatedith geographic range on oceanic
islands, with less widespread species being the most likely to
become extinct (Chiba & Roy, 2011; Chiba & Cowie, 2016).

In Noronha, the two endemic lasdails are only known from

the main island (with museum specimens indicating their
former presence on the adjacent Rata Island), which suggests
they are in a very vulnerable position.

We are very grateful to all museum staff who granted access
to and/omrovidedinformation on the material housed in the
collections under their care. RBS received support fram
SYNTHESYS Project (proposal GRAF-6613; European
Community Research Infrastructure Actiotie
Malacological Society of London (UKdnd theBruce Fraser
Hazelwood Fund (Te Papa, New Zealand). AVLF received
suppot from CNPq (304291/2020; Brasl). MSM and FDP
received support from FAPESP (2017/01@84and
2018/063476; Brasil). The present study is registered in the
SisGen (A456B37).
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MOLLUSCS IN THE NEW EDITION OF
THE RED BOOK OF UKR AINE

By Igor Balashov

Ph& Red Book of Ukraine is an officigbvernmentiocument
that lists the threatened speadesurringin Ukraine and
provides basic information on these species, thtedtsem

and required measures for their conservation. Eaetiesp
listed underany categoryis protected by law in Ukraine;
killing or use of individual specimens and destruction of their
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habitats leadkegally to administrativeihes Accordingto Table 1.Molluscs in the2021Red Book of Ukraingwith the year
Ukrainian law the presence of specidisted inthe Red Book of the edition in which they were first listed.
; ; ; ; ; Species Year  Category Habitat
of Ukraine is the maifoundationfor the creation of new Gastropoda
protected areas. Therefore, this document is one of the main Caspia knipowitchi 2021 EN brackish water
tools for practical purposes of nature conservation in Ukraine. Euxinipyrgula lincta 1994 vy brackish water
. L. Marstoniopsis insubrica 2021 R fresh water
Itis also a very welknown and mostly positively accepted Pomatias rivularis 2009 R forest
document amondhe general public in Ukraine as a result of Acicula parcelineata 2021 R forest
the basic inf ti ftavi b included i hool Platyla perpusilla 2021 VU forest
e basic information on ftaving beerincluded in schoo Platyla polita 2021 R forest
programmesfor several decades. Lymnaea taurica 2021 EN steppic puddles
. . ) Ladislavella terebra 2021 VU fresh water
The Red Book of Ukraine is regulated by the Law of Ukraine iphyragiulm doliolum gggi E Iorest
AiOn the Red BeokboknaRadarofdlkraireo ( e o
. ) h pilla alpicola 2021 EN fen
2002 with further changgsandis published as a large book Pupilla sterrii 2021 EN steppe/rock
H ; H. ; ; Pupilla triplicata 2021 R steppe/rock
with species accounts 5|m|Ia_1r tante_ln the IUCN Red !_|st Vertigo moulinsiana 5091 EN fon
Threeeditionshave beempublished: in 1980, 1994 (animal Vertigo geyeri 2021 EX fen
volume) and 200nimal volump(Syinyk 1980 Shcherbak | Yt L 2R R e
1994 Akimov, 2009_. Th_especies are Ie_gally protected not Granaria frumentum 1994 VU steppe/rock
from the dateof publication of the book itself, but when the ghondtrinﬁ arﬁag_ica éggi E rock ook
Decree of the Ministry of Ecology of Ukraine with the current Penetoma merdLanianum To0a VU juniperfrock
list of species protected by the Red Book of Ukraine goes into Ramusculus subulatus 2021 EN steppe/rock
effect, which normally happens sal months before Vastus bielat 2008 b jorest
publication of each new edition. The list of species is revised Elia novorossica 2021 EN forest
before each edition. In the transitions some small changes to Ruthenica filograna . R forest
. . . Macrogastra borealis 2021 R forest
the I|stsare|mplemented butonly on rare occasmnsr(_a_nges Macrogastra plicatula 2021 VU forest
are permittedo be mae@ at any time, but suapportunities Macrogastra tumida 2021 R forest
have beemlmostunused). According to thabovementioned Clausiia pumila 2021 Vo forest
. : g . Clausilia cruciata 2021 R forest
Law of Ukraine ¥erkhovnaRada of Ukraine2002), a new Vestia elata 2021 VU forest
it ; Pseudalinda fallax 2021 VU forest
edition of the_ Red Book should be pubhs_hed at Iea_st every 10 Discus perspectivus (Fig. 1) 5091 VU foreat
years, but thisrequencyhas nevebeenachieved, mainly Vitrea nadejdae 2021 EN forest
becaus®f bureaucracy anldck offunding. gil;gﬂﬁﬂgi*;ﬁ ﬁiﬁ‘buga“a iggi VFL fs(;lrztset”a”ea“
The gientific work on the Red Book is managed by the g;jj;gg;g?:r‘ﬂf";i“m 3851 ¥3 fsgfgspte’mk
National Council on the Red Book Okraine which Daudebardia brevipes 2021 VU forest
currentlyis basedn the National Academy of Sciences of /Iir?betlcia ﬁnaﬂca ;ggg VRU forest o
H H H H H rianta aetnyops various mountain
Ukraine and consismainly of the leading zoologists and Trochulus villosulus 1994 VU forest
botanists, as well as sogevernmenand academyfficials. Trochulus bielzi 2009 R forest
However funding conesfrom the Ministry of Ecology of ﬁ:‘g;‘:g:g#ﬁf;?;scg'mmhica 2008 N foret
Ukraineand final adoption of the results is also the Bivalvia
ihili ini i Hypanis laeviuscula 2009 VU brackish water
responsibility of the Ministry, buhe link betweemh_e_two o is plicata 2000 Y e e
structures oftehas nolyvorkedwell. The Fourth Ed|t|qn of _ Sphaerium nucleus 2021 VU fresh water
the Red Book of Ukraine was scheduled to be published in Xniodcrissus gg;i w ;reSE wa:er
. H noaonta cygnea resh water
2019, but all attempts in 20Hhd 2020 faileetven thougfall Pseudanodonta complanata 2021 VU fresh water
changes to the list of protected species and the book itself Ostrea edulis 1994 EN marine

werealreadylargely prepared by the scientists. In March 2021

categories c¢ombcloseodhelUCNNWIUIL ner
category), fth&KAHCNNT cafegotyfossee ¢ ioe s
that may become vulnerable in
categories of uncertai A

nty: nl
assessedo (t hlardlymetessaipthec at egor

two decrees (separately on the animals and on thespfamin
the Ministry of Ecology of Ukrainewith renewed lists of the
species protected by the Red Bpokre publishegdwith the

one on the animals going into effect from 12 March 2021

(Ministry of Ecologyof Ukraing 2021).The Ministry
intendedto publish the Fourth Edition in 2021, he
tendemg procesdailed again.

Therefore, as dfebruary2022, there is no new published
version of the book with species accouatthoughthe

renewed lists of protected species are already in effect, which
is the important point from the practical perspecbf nature
conservation.

Currently there are seveategories for the species listed in
the Red Book:
compl et el y) ,closetdthedUlCh R ane ENO  (

opinion ofmany experts and exéshainly for the species
listedin the previous editionthe current statusf whichis
uncertain).

As of 2021 there are344 species protected by the Red Book
of Ukraine and 54 of them are molluscs (Table 1). This is
significantlymore than in the previous yeals.the Third
Edition (20092021) 20 species of mollusegrelisted, in the
Second Edition (1992009) 12 species (see Tablednd

none was listed in the First Edition. Among these 54 mollusc

i Bewti il dodt o ,i ni Bixktrspeciend?2 amnterrestriadathis group is covered almost

comprehensivelyA major contributor to the Second (1994)
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included in 2009, but it is not native Ukraine Korabeket
al., 2018).

Among the aquatic molluscs of Ukraine, the most complete
knowledge iof freshwater bivalves following the review by
Korniushin(2002) who not only provided a checklist of
species for Ukrainaccording tacurrent taxonomic
understanding (azlose to that), but also anagdwhich of
them should be protected in Ukraik@rniushin(2002)
assessetbnspecies of freshwatdivalves (seveisphaeriidae
and thredJnionidae) asmeedingprotecton in Ukraine using
the categories of the Red Book of Ukraine (see above):
Euglesdilljeborgii (Clessin 1889 i endangered;
Pseudanodaa complanatgRossmassler, 1833)nio
crassusPhilipsson, 1788Euglesa pulchell§Jenyns, 1832)
Euglesa pseudosphaeriuffavre, 1927) vulnerable;

Fig. 1. Shell o_fDigcus perspectivys species listed in the Red Anodonta cygneéLinnaeus, 1758)0dhneripisidium
Book of Ukraine in 2021. (Photd: Balashov & K. Martynova) moitessierianungPaladilhe, 1866)Euglesa personatéMalm,
and Third (2009) editions was A.A. Baidashnikeho 1855) Euglesa hibernicgWesterlund, 1894 Euglesa
included 13 species of terrestrial molluscs. This number was ~ Parvula(Clessin, 1873)i rare;Sphaerium solidum
raised to 42 in 2021 following my review (Balash2016) (Normand, 1844 s t at us undeter mi ned (
andmy submitted assessments and species accounts with co ~ In addition to theseenspeciesSphaerium nucleustuder,
authors (A.A. Baidashnikov, N.V. Gur8iverlova and others). 1820) S ovale(Férussc, 1807)andEuglesa globularis

. . . , (Clessin, 1873)vere listed aseeding additional sudies of
Representation of aquatic molluscs is far less comprehensive:  ineir conservation statuseKdrniushin 2002) Apparently,

only 12 species are currently listed, inchgitwo Korniushid s i nwase to subnaitthesten species for
brackishwategastropods, threfeeshwater gastropodsyo inclusion inthe Third Edition of the Red B of Ukraine,
brackishwatebivalves(which sometimes occur in large but, unfortunately, he died suddenly in 2004, before work on
freshwater reservoirsjour freshwater bivalves and one the Third Edition was started. Detailed assessments and
marine bivalve (Table 1). These species were rather distribution datasets were not published by him and there is
haphazardigelected by the several contributdepending on still no expert in Ukraine who could provide such information
the available dafanterest in them or in some cases even for most species @phaeriidaeBut three of thespecies of
availability of suitable illustrations (as this is one of the Unionidae were included in the 20&ditionby the group of
requirenents for submitting a speciesthe Red Book of experts based in Zhytomyr Cjtwho hadaccumulated

Ukraine). For most of the aquatic molluscs of Ukraine there extensive data on the unionids of Ukraine (8lgevchulet
havebeenno consistenpublished attempts to anagéyther al., 2019, 2021).

conservation statuses. In large part this is a result of the , o

problematic taxonomy and impossibilib§ clearly interpreing Uvaewa & Hural (2008) reviewethedistribution and ecology
many of he earlier published faunistiecords. In the Soviet of Planorbidae in Ukraine (18 Bbwater species) and

Union, and tasome extent in some of the pestviet mentionedfives peci es as fteeray t hreat
counties, the taxonomy of aquatic molluscs was dominatedby Nt hreatenasofipodefnoual |y thre
the school of Yal. Starobogatoysuch thatinderstanding of The following eightspecies we reported as very threatened
many speciewasvery different from thi currently (f|r_st five) a_nd threatenedPlanorbis carlnatusvlulle_r, 1774
recognigdstatuswith somenamesnotused intheir original Anisus vorticulugTroschel, 1834)Gyraulus acronicus
meaning Thereforenot only weremany problematicames (Férussac, 1807%yraulus rossmaesslefhuerswald, 1852)
used(e.g. nomina dubiaput also use of some names may not ~ GYraulus laevigAlder, 1838) Anisus leucostomgillet,
havereferredto the taxa currently recogeigas 18"13) Gyraulus albugMdiller, 1774) Ancylus f|UVIatI|IS.
corresponihg to those namess explained bigorniushin Muller, 17?4(Uvaeva & Hural, 2008). But these species were
(1998 2002), Graf (2007 andBalashowet al (2013. Many never subritted to the Red Boak

such issues with aquatic madis of Ukraine remain unsolved Among the species that are listed in the IUCN Red List and
or dispued soit is often problematic even to figure out which occur in Ukraine, buarenot listed in the Red Book of

species occur in Ukraine, not to mention the details of their Ukraine, there are notablurricaspiaismailensigGolikov &
distribution andheir conservation statuses. Starobogatov, 196@)/U), Sphaerium rivicolgLamarck,

1818)(VU) andS solidum(NT). Korniushin(2002) assessed

Three species of molluscs were excluded from the Red Book . -
S rivicola as common, abundant and not threatened in

of Ukraine in 2021. Two of thenvere excludednainly for .
t ax onomi cLymnaca davatdde;s tier | und, 1 éJgr%ng. and

fiLymnaea pachyt#/esterlund, 18 5which are either One freshwater speciesnisus vorticulusis listed in Annex |
nomina dubia or refer to wacogniedtaxa The hird of Resolution 6 of the Bern Conventignatified by Ukraine),
excluded species Kelix lucorumLinnaeus, 1758whichwas as well as in Annex Il of the Habitat Directive, DDtire
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IUCN Red Lista n d
(Uvaewa & Hural, 2008), but was not assessed for the Red
Book of Ukraine.

Among the 29 species of terrestrial molluscs included in the
Red Book of Ukraine in 2021 most are dead wood dwellers
(11), othes arespecie®f forests(7), steppes and other dry
habitas (6)andwetlands(4), as well as singlesubterranean
species. This largely reflethe major regional environmental
problems in Ukraine with forest managemignblving
minimisation of dead wood in existing forests and
afforestationin the steppes armather natural grasslands
(Balashov, 2016). All species of terrestrial molluscs that are
sufficiently known and of high priority for conservation in
Ukraine are currently protected by the Red Book. Although
there areafew speciesn Ukrainethat correspath to thelUCN
NT category( a nd
Ukraine)andmay become vulnerable in the near futdhey
arestill omitted: Helicopsislunulata (Krynicki, 1833)
(Balashowet al, 2021),Clausilia dubiaDraparnaud, 18Q5
Truncatellna costulata(Nilsson 1823)(Balashov, 2016).
Also, thereare severaerrestrial species that are insufficiently
known in Ukraine to assess their conservation status, often
because there is uncertainty regarding their presence in
Ukraine or regarding thietaxonomicstatus This refers

mostly toPlatyla jankowskiangJackiewicz, 1979)Oxyloma
dunkeri(Pfeiffer, 1865) Spermodea lamellatgeffreys,
1830),Zebrina detrita(Mdller, 1774),Cochlodina cerata
(Rossmassler, 183@Ylacrogastraventricosa(Drapanaud,
1801) Baleaperversa(Linnaeus, 1758)Tandonia
kaleniczenko{Clessin 1883) Limaxbielzii Seibert, 187&nd
Urticicola umbrosugPfeiffer, 1828)Balashov, 2016).

Consequently, it appears that tireatesthallenge and the
highest priority forfurther work on molluscs in the Red Book

of Ukraine is assessing and including more freshwater species
as this is a group of the highest conservation priokibpés
Limaet al, 2021),especially species @phaeriidaand
Planorbidae thdtavealreadybeenreported to be threatened

in Ukraine(Korniushin 2002; Uvaeva & Hural, 2008).
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CONSERVATION STRATEGIES FOR
NEW YORK SSICAITEESIANGO
OVATE AMBER SNAIL (NORTH
AMERICA)

By Emlyn B. Clark, Cody Rzilbertson, David A. Bullis,
Delaney Kalsman, Tom Hughes, Kathleen O'Brien, Robyn
Niver, John Wiley & Rebecca J. Rundell

Succineid land snails are found worldwide, from riparian areas
to dry landscapesn the slopes dflauna Kea in Hawaii.
Although somesuccineid species are familiar as greenhouse
pests and accidentatroductions, our most famousraral

New York State (USA) succineid is a narroange endemic
detritivore, living as a single population among a scramble of
rocks and vegetation in the ggrzone of Chittenango Falls in
Madison County, New ¥k, not far fromLake Ontario. The
Chittenango o\W@ASe Noaisutcieea s nai |
chittenangoensjgig. 1) is considered Threatened under the
U.S. Endangered Species Act, and Endangered in Nekv Yor
State. COAS has recently been recommended for uplisting to
federally Endangered status (USFWS, 2019). Saving this
species from extinction requires the concerted effort and good
faith of multiple partners and volunteers, the most recent work
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Fig. 1. A one yearold captivebredChittenango ovate amber
snail (COAS crawls on its favorite substrateunbleached sugar
maple leaf litter. (Photo: R.J. Rundell)

of which wereport here. Our approach has included
developing captive breeding and field research progresm
(e.g. markrecapture, climate monitoring), invasive species
removal, rock fall monitoring, educational outreach,
phylogenetic research, and most recentlyjrbegg a plan for
potential translocation of captii@ed snails into satellite wild
sites. We share some key insights from our comprehensive
conservation research prognamhere, with an aim toward
connecting our work (including successes and failurets) wi
fellow members of the land snail conservation community.

Captive breeding

Breeding snails in captivity became a necessity, given the
imminent danger to the speciiesm rock falls, combined with
the small wild population, numbered in the hundreds.
Establishing a breeding colony for any narrow range endemic
species is a daunting task, particularly whételis known
aboutits food preferences.

Initially, we used the successful Paciitand tree snail

captive colonies of Hawaiian achatinellines &neinch
Polynesian partulids as models for our project, and set up
growth chambers and terraria accordingly, using local climatic
conditionsrecorded bydata loggers at the single wild site. We
chose test foods that would balance nutritional quality with
replicability and ease of feeding in the captive environment.
Before bringing in wild snails, we used a surrogate species
(Succinea putrisan introduced species that also occurs at the
site) to test laboratory and zoo diets along with a wide range
of localwild foods, many of which were decomposed plants
foundat the Chittenango Falls site (Gilbertsztral, 2019). It
soon became clear that snail diets that worked in other settings
were inappropriate for COAS. This underscores an aspect of
this work that issimultaneously of biological intestand
conservation frustration: many land snail species, including
COAS, have dietary preferences that hprabablybeen
shapedver time, and in some detail, by these spécies

= M5 /. :
Fig. 2. Chittenango ovate amber snail technician Emlyn Clark
peaking inside one of our growth chambers to show the COAS
terraria, which are labeled to indicate generations and hatch
years(Phota R.J. Rundell)

evolution and ecology. We were finallycaessful in

establishing captive breediing COAS,andnow havea

colony of snails that well exceeds the number of individuals in
the wild (Fig. 2), and, pr€0OVID-19, enabled us to establish

a second braking colony at a partner orgaation, the
Rosamondsifford Zoo in Syracuse, New York. Better
understanding of the wild diet (i.e. certain species of leaves at
a certain stage in decomposition, arranged in a precise way
andrehydrated il eaf | icoinecchy CRGywaa gn a0
central to this success, bualso comes at a significant cast
time, space and expertise. Dead leaves are-pigkdd and
sorted according to species and decomposition stage, which
involves the recruitment and training of volunteers

(A Snai | )bdndkeepingan eye on their wrk, followed

by drying and storing the leaves (Fig. 3). We examine each
leaf species for specific characteristics that increase the
likelihood that COAS will feed on them (based on our
previous feeding experiments; Gilbertstral, 2019). For
example, ©AS prefers thin, subleached, sugar maple

leaves that have been collected shortly after snowmelt, yet
before temperatures wamp enough for other invertebrates to
feed on them. We also cetit black cherry leaves in the

spring, and sort them by thickreeasing light transparency.
Thinner decomposed leaves are highly preferred (Gilbeetson
al., 2019). Food collection is a ndrivial aspect of the project
asit involves finding the right species of trees in the wild,
coordinating access to field sit&égining and working closely
with student volunteers, and planning the leaf collections at
just the right time to ensure palatability for the snails.

COAS live in the temperate zone whdris impossiblefor us

to access thefood and wild habitat dung winter months.
Periodically, the site can be dynamic at other times (Fig. 4).
However since we need to maintain the animals in captivity
yearround, we must ensure sufficient food for snail survival
and changing of terraria, even during any experinhevitder
dormancy periods. Indeed, the thimensive diet portion of
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Fig. 3.Our staff andstudent "Snailblazers" collect leaves in
certain stages of decomposition, then spreach the on
tarpaulins to dryor dry them in a dryig oven. Leaves are then
organi®d by species and year in bins for later rehydration and
arrangement in the captive oaly terraria(Photo R.J. Rundell)

our project raises concerns about initiating and sustaining
similar conservation programes on threatened North

American and other detritivorous land snails, given the
number of speciei® need of conservation attention. It may be
impossible to deliver such a complex and specific diet to
captive snails in the form of an easily mixable paste. However,
given our experience with COAS, we encourage others to
pursue research on the dietargfprences of endangered land
shails worldwide. This is not only useful for our understanding
of land snail species ecology (and potentially supporting
captive breeding), but it also ultimately supports the
conservation ofheirwild habitats.

One importat aimis for the captive colony to serve as a
backup in case of a stochastic event such as a rockslide.
Captivebred snails might also augment the wild population,
and so we have initiated regular releases of captigd snails
back into the wild. Whesver possible, we mark these snails
so that we at least have the chance to find them again and

Fig. 4. Chittenango Falls after heavy rainfall (A) and on an
average late Summer day (B). High water levels flowing over the
falls can wash out the lower portions of COAS habitat and
remove potential food sourcg®hotos E.B. Clark)

Fig. 5. Captivebred COAS with a glued bee tag for
identification. COAS typically live for 2.5 year{sometimes
longer in captivity. (Phota C.R. Gilbertson)

better understand how (or if) released COAS can survive
long-term (Fig. 5). Over seven years, we have released 482
snails, 161 marked adults and 321 juvenileg &0 started
releasing captivdred egg masses in 2021 (4 masses
containing 212 eggim total). We are gaining confidence in

our captive release programe. For exampleluring2020

2021, we discovered three marked snail$ tzal

successfully overwintere@d major milestone for the project.
Our approach also involves releasing previously weédight
individuals that were brought into the lab for breeding, so
that we continue to refresh our breeding stock. As our
breeding colony becomes more successful,veadhcrease

our capabilityof putting more snails into the wild, we

continue to explore the question of how many individuals to
release and when, also in consultation with other
conservation biologists at SUNESF with experience in
vertebrate species ezglses. Our COA8onservation
programmeis unusual in that we have a species that is rare in
the wild, while laying many eggs in a cluster at once,
meaning that oce our captive feeding, habitand climate
regime proved successful, the species becamg fairl
abundant in captivity. This poses challenges for tracking
parentage of these hermaphriditic snails in the captive
colony. We have done our best to document snail parents and
generations, but are beginning to investigate the genetic side
of the project irmore detail in order to better understand the
potential differences between captive and wild COAS.

Wild site work: mark-recapture, trampling prevention,
invasive plant removal, rock falls

The complete known geographic range of COAS is contained
within astate park, which has been instrumental in the
protection of the species. We are forturtatbave

comparative data from summer 2002 tegent on the state of

the single wild COAS population (Campbetlal, 2015,

USFWS 2019). Recently, we have detat® notable decline

in the species. There is no one clear reason for the decline, but
rockslides have no doubt contributed. For example, in 2006 a
rockslide reduced the habitat previously occupied by COAS,
and decreased the estimated number of COAS frautat80
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animals in 2005 to about 300 in 2008 (USFWS, 2012). By
2015 we estimated 360 wild snails, but unfortunately the
population has been decreasing since then. In 2019, we
estimated 76 individuals remaining. For all population
estimates POPAN was usedRMARK (White& Burnham,
1999). Unfortunately, we were reminded of the possibility of
newrockslides in the area duringramer 2021, when we
detected new fallen boulders in the COAS habitat, and
instability in the rocks above the habitat. We consulted wit

the New York State Parks Regional Scaling Team to assess
the safety of the site before we proceeeded with additional
snail surveys or releases. We are also discussing the potential
removal of large boulders in the area. However, there is a
difficult balance to be struck between the habitat and refuge
certain rocks might provide to snails, the obstruction to
vegetation growth and leaf litter capture thatka@e rocks

might cause, and the danger to the snails that could be caused
by trampling of workersind running large equipment to the

site to break up and extract rocks. This is a critical aspect of
the project that relies heavily on the expertise and collegiality
of our group of partners to bring their knowledge and
dedication to COAS, in order to hdigure out a path

forward. It seems there are no perfect decisions in this case,
and as much as we have learned about COAS ecology, we still
do not fully understand how the site supports this species and
how any modification to the site could improve argen the
chances for COAS survival.

Similar considerations must be made for plant species removal
at the site, which has thus far targeted invasive species such as
pale swallowwort (PSW;Vincetoxicum rossicunEuropean
dewberry(Rubus caesiysnd bu&thorn (commonRhamnus
catharticus and glossyFrangula alnu$. Removal involves
cutting and hangbulling plants to prevent their spread into the
habitat and around the park. Two of these plants, dewberry
and PSW, are found inside the COAS habitat. Thésgs
smother and prevent recruitment of COpi®ferred native

plant species such as Joe Pye wgadrochium purpureuin

This is the first year of dewberry and buckthorn removal, with
results yet to be seen. Howemee think that the removal of
PSW fran the habitat may have facilitated Joe Pye weed
increase in the habitat. Each year we have needed to remove
fewer invasive PSW plants. Encouraging native plants to grow
could increase food and shelter for COAS and help increase
humidity in rocky zones. Ctivating native vegetation might

also naturally hinder PSW in the habitat, which would reduce
the potential for trampling the habitat or snails during our
invasive species removal projects.

Trampling is an ongoing threat to COAS, especially
consideringts tiny geographic range. For species sécu
reasons, we do not publieishe location of this tiny range.
However, there is an unfortunate coincidence between COAS
crawling sites and places that tourists, e#geils, hikers,

bathers ad fishers like tdrequent in mmer, despite signage
restricting the arebecause athe presence of an endangered

the culprits are. However, since beautiful waterfalls are an
eternal lure to humans and because the park is also intended as
a place for visitor recreian, it remairs a challenge to channel
tourists away from the only place that COAS lives. The good
news is that local pride and interest has grown around COAS.
Thus, park staff presence is aimed not just at deterrence, but at
cultivating interest and conservation comctar the species.

Geographic context for COAS and future for translocation

COAS currently resides on one side of oraexfall in catral
New York State. Understanding whether COAS once had a
larger geographic range is important for conservation, #ince
suggests that other areas could receive translocated eaptive
bred or wildcaught snails. lorder to better understand

C O A simst distribution, as well as current habitat
requirements, we 1) investigated putative COAS records
outside its current rangand 2) determined suitabilitiy of
other sites outside of the current COAS habitat.

Since the original description of COASy Pilsbry in 1908,

COAS specimemhave been reported from theSlkstates of
Tennessee, North Carolina, lllinois, Missouri and loizpast
identifications are accurate, COAS previously had a much
larger range that has contractedsingle locality. This is not
altogether unlikely, since all other members of the genus
Novisuccinedave broad geographic ranges. Unfortunately,
validaing past COAS records is not straightforward, because
succineid identification is notoriously challenging. Without
anatomicablata for those specimens, which are only shells,
some past records might be unverifiable. To attempt to resolve
these identificabns, we are applying traditional as well as
novel geometric morphometric techniques to examine COAS
and other succineid shells. Comparing the type material of
COAS and other succineid species against the unverified
COAS specimens might help us reconst@@®@ A S6s hi st
biogeography. Preliminary data suggest that COAS shells are
not easily distinguished by eye, and thus previous records of
the species outside its current ranggy have beemistaken.
Analyses are ongoing.

Concurrently, we have been klting field data on

temperature, humidity, land snail community composition and
plant community composition at other central New York sites
to compare with COAS6s curren
these sites for future translocation based on thesarsatVe

are also documenting the presence/absence of invertebrate
predators and parasitoids of COAS at potential translocation
sites. Certain fly genera (Sciomyzidae and Sarcophagidae) are
parasitoid specialistsnsnailsthat could affect translocation
success. We are also recording salamander distributions, since
these are important predators of land snails. Finally, the local
establishment of the nemative harvestmamrogulus

tricarinatus, which is a voracious predator of snails, is not yet
confirmed.If present, these opilionids could have negative
effects on the local malacofayracluding succineids.
Fortunately, our initial results indicate that several other local

species. Recently we have increased educational signage at the waterfall sites may be appropriate for COAS translocation. We

park as well as staff presence near the base of the waterfall
during working hours, to deterauld-be tramplers. We have
also added traitams to try to better understand when and who

are currently developg a detailed proposal for translocation
and ongoing monitoring and COAS management that could
involve one or more of these sites.

14



ISSN 09585079

TentacleNo. 3® March 2022

Fig. 6. A local TV crew helps to publicize and celebrate the
release otaptivebred COAS at Chittenango Falls State Park in
Central New York State, the only known wild locality for this
federally threatened North American land snail spe¢i®soto

R.J. Rundell)

ST ¢

Education is central to invertebrate conservation

Wein t i al | y par t nseRosardondnGifforth Sy r
Zoo, primarily as an avenue to explore educational outreach
during the summer months, and as a site for a second breeding
colony. In the past several years, educational outreach has
grown into a central aspect of our COAS project, in part
because so many of our staff arddunteer Snailblazers are

Zoo that can receive ma | | donati ons;
presentations at local libraries and schools; creation of a
colour f ul chil drends bookl et ;
media pages (Instagram/Snailblazers_NY and
Facebook.com/SnailblazersNY). We are continually reminded
that cespite any setbacks in the project, and snail numbers in
the wild, any chance we have for success rests with the public
that supports our conservation research and practical
management actions.
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Conservation for perngtand forwater quality review

upstream of the habitat. We thank K. Schulz and CIRTAS at
ESF for granting the space for ouptige breeding project.
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W. SchofieldBroadbent, B. Hahn, C. Boolukos, A. Protus, K.
Hyacinthe, S. Farnham, S. Munoz, L. Evans anddgds.

We also thank former University of Rochester and Seneca
Park Zoo veterinarian J. Wyatt, who helped assess snail
health, asvell as J. Brown, B. Underwoahd P. Gilbertson

for their contributions. Finally, we gratefully acknowlediipe
dorgtesnesdpprt of the US. Fish and Wildlife Service,

including their funding through the Great Lakes Restoration
Initiative, which has been central to the success of the project
as well as the training of many students in the conservation of
understudied invertebmBnimals. The findings and
conclusions in this article are those of the authors and do not

outstanding snail ambassadors, but also because there has beennecessarily represent the views of th&. Fish and Wildlife

so much local, regional and even national interest in this little
shail. The goals of our outreach are multifarious and
underscore the critical yet undappreciatedoles that our
partners play in species and habitat conservation. Most
importantly, however, any increased appreciation for land
shails among young people and the public, whether it be
through media release or a haiwh school programe,

serves to broaglbenefit global invertebrate conservatié

the local level, a COAS educational prograaeteaches a
participant that the extinction crisis is in their backyard, and
that they camctually play a role in turning that around. But
participants also learhat even seemingly insignificant
organisms are important. We have discovered that land snails
areespeciallysuited to deliver these big messages. We have
also found that outreach is effective when we catch people
where they are, enjoying their daily adies. This includes
talking to people during their hike through Chittenango Falls
State Park, while we walk to the habitat in our hard hats, and
getting our SUNYESF undergraduates directly involved in
our oncampus shail lab. Other examples of our snalBAS
outreach include: publidisg snail release events at the wild
site (Fig. 6); commissibi ng a | oc alcrawmhordi st
shail for kids at the Rosamond Gifford Zoo (Fig. 7); an
Endangered Species Beer fundraiser sponsored by a local
brewery Critz Farms); leading snaibcused tabling events at
Chittenango Falls State Park (connecting with 1,00@ovssin
2021); e s Frerds$ of teehChittegango Ovate
Amber Snaib organistion as a special fundraising arm of the

Service.

Gilbertson, C.R., Rundell, R.J. & Niver, R. 20D%termining diet
and establishing a capépopulation of a rare endemic detritivore,
the endangeredovisuccinea chittenangoengRilsbry, 1908)
(Pulmonata: Succineidag)ournal of Molluscan Studiedb: 4147.

Campbell, ., Frair, J.L., Gibbs, J.P. & Rundell, R.J. 2015.
Coexistence of the endangered, endemic Chittenango ovate amber
snail (Novisuccinea chittenangoensand a nomative competitor.
Biological Invasiondl7(2): 711 723

Fig. 7. Cr @wlo
COAS: a sturdy all
weather endangered
snal exhibit for kids
in the Exp
PlaySpace at the
Rosamond Gifford
Zoo in Syracuse, New
York, UBAU(Phbtad
C.R. Gilbertson)
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COLLECTING IN THE HEART OF
SOUTH AMERICA: THE FRESHWATER
MUSSELS OF PARAGUAY

By Cristhian Clavijo, Igor Christdliyahira & Rebeca
Carballo

Two of the most important rivers in tieorld, Parana and
Paraguay, ruthrough Paraguay. Despite this, the country was
ignoredby most of the European scientific expeditions of the
18th and 19th centuries; this environmentally privileged
position, vas also hard to reach by expeditions that adribye
sea from Europdt is noteworthy that Paraguay and Bolivia
aretheonly two landlockedSouth American countries. During
the 20th century, few naturalists interested in molluscs worked
in Paraguay. The ain existing worksare an inventory of the
department of Guaira (eastern region of Paraguay) by an
Austrian naturalis(Schade1965), and a catalog of the
Paraguayan fauna made by an Argentinean researcher who
lived in Paraguay in th£970s(Quintana1982). The samples
used by thee two authors wenmgot depositedh museumsn
Paraguayand they did not trairesidentpupils in Paraguay.

The absence of historic and recent studies in Paraguay resulted
in a large information gap in the heart of South Aceeri

Thus,it was necessary and urgent to obtain information from
Paraguayf a proper evaluation of the whole bagias to be
accomplishedThe fieldwork described in this report was
undertakemunder theprojectfiConservation of freshwater
bivalves of Riode la Plata bastn funded by the Mohamed bin
ZayedFoundationThe main goal of thproject isto obtain
updated informationmfreshwater mussgin the Rio de La
Plata lasin (Clavijo & Miyahira2021).

Forseven days the authors trdeel~2,500 km visiting 40
locations looking for freshwater bivalves, taking advantage of
the extreme drought that the country suffgféid. 1). In total,

18 species of the Jdreviouslyrecorded irthe country

Fig. 1.A small specimen ofastalias p. &ér unni ng:
during severe drought in the Paraguay River Basin.

(Pereiraet al, 2014) werdound The taxonomy of freshwater
mussels in South America is not wedbolved (Miyahiraet

al., 2017) and these numbers n&hange as work progress
Empty shellonly of therare native specidsila blainvilliana
(Lea, 1834) weréoundat justonelocality. The invasive
specieorbicula flumineaMdller, 1774) was found in most
of the localitiesLimnoperna fortunefDunker, 1857) and
other species of the genGsrbiculawere recorded in some
localities. The massive presence of invasive species in
Paraguay, as also recorded in otineshwater habitats of
South America (e.g. Clavijo & Carranza 20L&rrigranet

al., 202Q Miyahiraet al, 2020) mayhavecontributed to the
declineof native species richness (F&). Invasive species
and habitat modificationsrethe main threats todshwater
bivalves in South America (e.g. Peredtaal, 2014;Clavijo &
Carranza2018). The specimens obtained were deposited in
the Museo Nacional de Historia Natural del Paraguay,
doubling its collection of freshwater mussels.

Fig. 2. Paroramic view of Tebicuarymi River, a tributary of the
Paraguay River, which supported a rich fauna of freshwater
bivalves in the past, but now has been invade@dnpicula
fluminea

This effort is a new éginning to advance knowledge and
conservation of freshwater bivalves in Paraguay and
contribute to conservation knowledge in the Rio de la Plata
basinmore broadlyMoreover, we hope thétcan also be an
incentive to establish a Paraguayan telingresearch o
freshwater mussels. The study of the the Rio de La Plata basin
is an ongoing project and other parts oftilasin will be
investigated in theear future.

Clavijo, C. & Carranza, A. 2018. Critical reduction of the geographic

distribution ofCyarocyclas(Cyrenidae Bivalvia) in Uruguay.
Aquatic Conservatio28(5): 12491254

16


https://ecos.fws.gov/docs/tess/species_nonpublish/2014.pdf
https://ecos.fws.gov/docs/tess/species_nonpublish/2014.pdf
https://ecos.fws.gov/docs/tess/species_nonpublish/2709.pdf
https://ecos.fws.gov/docs/tess/species_nonpublish/2709.pdf
https://www.tandfonline.com/doi/pdf/10.1080/00063659909477239
https://www.tandfonline.com/doi/pdf/10.1080/00063659909477239
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.2941

ISSN 09585079

TentacleNo. 3® March 2022

Clavijo, C. & Miyahira, 1.C. 2021. Not silver, not gold but a precious
mussel fauna: past and futurelgfionida of Rio de la Plata.
Tentacle29: 25-27.

Darrigran, G., Agudd?adrén, |., Baez, P., Belz, C., Cardoso, F.,
Carranza, A., Collado, G., Correoso, M., Cuezzo, M.G., Fabres,
A., Gutiérrez Gregoric, D.E., Letelier, S., Ludwig, S., Mansur,
M.C., Pastorino, G., Penchaszadeh, P., Peralta, C., Rebolledo, A.,
Rumi, A., Santos, S., Thiengo, S., Vidigal, T. & Damborenea, C.
2020.Non-native mollusks throughout South America: emergent
paterns in an understudied contineBiological Invasion22:

853 871

QuintanaM.G. 1982.CatalogoPreliminardela Malacofaunalel
ParaguayRevista del MuseArgentino de CieneisNaturales,
Zoologiall(3): 61158.

Miyahira, I.C., Santos, S.B. & Mansur, M.C. 2017. Freshwater
mussels from South America: state of the art of Unionida, specially
Rhipidodontini.Biota Neotropical7(4): e20170341

Miyahira, I.C., Pereira, L.S. & Santos, L.N. 20Rhn-native
freshwater molluscs in the Neotropics: what can be learned from
Brazilian reservoirsAquatic Invasiond5(3): 455472

Pereira, D., Mansur, M.C., Duarte, L.D.S., de Oliveira, A.S., Pimpao,
D.M., Callil, C.T., ltuarte, C., Parada, E., Peredo, S., Darrigran, G.,
Scarabino, S., Clavijo, C., Lara, G., Miyahira, |.C., Rodeigu
M.T.R. & Lasso, C. 2014 Bivalve distribution in hydrographic
regions in South America: historical overview and conservation.
Hydrobiologia735(1): 1544.

Schade, F.H. 1965. liss de los moluscos del Guaira (Villarica
Paraguay) conocidos hasta el presebtemunicaciones de la
Sociedad Malacoldgica del Urugudy8): 209221.

Cristhian Clavijo, Vida Silvestre Uruguay, Canelones 1198,
Montevideo, Uruguaymycetopoda@gmail.com

Igor Christo Miyahira, Departamento de Zoologia and Programa de
PésGraduagdo em Biodiversidade Neotropical, Universidade Federal
do Estado do Rio de Janeiro, Urca, Rio de JaneirailBra
igormiyahira@gmail.om

Rebeca Carballo, Museo Nacional de Historia Natural del Paraguay,
Paraguaybekicarballo@gmail.com

TREE SNAILS IN SOUTH FLORIDA:
ONGOING RESEARCH AND
CONSERVATION CONCERNS

By Lawrence Lopez, Alicie Warren, David Cook, Steve Sparks,
Stefan Rhoades &imothy Collins

In the United States, south Florida hansofour large

charismatic native species of tree sndilguus fasciatus
Orthalicus floridensisOrthalicus resegtwo named
subspeciesandDrymaeus multilineatud.ong lauded for their
aesthéc beauty and noted for inspiring appreciation and
affection in observers, these arboreal, pulmonate gastropods
live in forested habitats corapedof tropical and temperate

trees and shrubs (Davidson, 1965). Studies of these tree snails
have shed some ligon their natural history and ecology, but
much remains unknown about their behaviand factors
affecting their distribution and abundance. Furthermore,
decades of development across south Florida have produced
urban sprawl and ensuing elimination dreymentation of
natural habitats. In addition, some of these attractive and quite
variable species have been the object of shell collectors since
the 1950s and possibly before, at that time fetching US$50 or
more for rare shelldXavidson, 196b As a reslt of these

combined factors, and
others outlined below, all
four of these tree snail
species have suffered
dramatic population
declines, some of them
now existing only irareas
to which they have been
relocated to save them
from extinction(Emmel &
Cotte, 1995).

Legal protections are in
place for some of these treg
snail specieOrthalicus
reses reseknown as the
Stock Island tree snalil, is a |
state (Florida) and .
federally protected species &
(USFWS, 1978) (Fig. 1).
Liguus fasciatusknown as

a r amefthéd ge

Ev er g|wassate 0
listed until 2017; it is not
currently listed, but
maintains some protections (Davidson, 1965; F\2@20).
Orthalicus floridensisaind a variety obD. multilineatus(var.
latizonatu3 ar e consi dered
2012). These conservation designations, however, are
challenged bytte worldwide traffic and coloragion of snai
eating land planarians (Sluys, 2016), which have already
arrived in south Florida and are causing significant declines of
local populaibns of tree snails, as they have in other parts of
the world (Justinet al, 2015). In particular, we have found

one species of land planarian known as the New Guinea
flatworm (NGF) Platydemus manokwamaturalied and

wel |l establ i spical dardivood dr maklansi t e d
hammocks o (| o-<trapical upamdiiosest habitat
with very shallow organic soil and underlying or exposed
oolitic limestone) (FNAI, 2010) where tree snalils live, with
flatworm densities between Oa2d 3.8 individuks per square
mete (npublished data). Direct evidence of NGF predation
of tree snails has been captured in photos and videos by our
team (Fig. 2). Currently, local remnant populations of tree

(Stock Island tree snail) on a
wild tamarind treel(ysiloma
latisiliquum) in mainland south
Florida. (Photo: Tim Collins)

L2t .
Hueirer 2\ yraples b ojrisaad

. :.> d

Fig. 2. Platydemus manokwafiNew Guinea flatworm) preying
on a Floridaree snail Liguus fasciatusin a MiamiDade
County hardwood hammock. (Photo: Lawrence Lopez)
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Fig. 3. The land planariaBipalium cf. vagunon a hardwood
hammock tree in Miambade County, Florida. (Photo: Lawrence
Lopez)

snails in south Florida living in county, state, federal and
private lands are under predatory pressure caused by NGF
(Lopezet al, 2021) and otheinvasive land planarian species
recorded by our research team, sucBigalium cf. vagum
another snailand slugeatingflatworm species (Fig. 3). In
addition, tree gail populations continue to be threatened by
other predators (raccoons, opossums, birds, crabs)atore
herpetofauna, fire ants and rats), fires, habitat encroachment
and microhabitat disturbances, hurricanes and climate change,
all of which weigh heaily on dwindling populations (Smith,
1997; Fory<t al, 2003; Gieryet al, 2017).

Our research team is currently studying the distribution and
population status of these four Floridian tree snails and that of
NGF in mainland south Florida and the kdarKeys.Current
surveys of these tree snail spedie8 hardwood hammock
sites so far studied are preliminarily indicating higher
frequency counts df. fasciatus followed byO. floridensis

D. multilineatusandO. resesrepresenting 50, 28, 20 and 2
percent of the total number of tree snails so far counted,
respectivelye.g.Fig. 4). However, the distributicemd
abundancef these species varies widely based on a history of
natural and human movements (translocations) and local
habitat ecologies wdre some hardwood hammocks host three
species of tree snails and others only one. Our preliminary
NGF studies seem to indicate they are more abundant in
hardwood hammocks in urban and semban south Florida,
reflecting in part the higher traffic of peepltransport

vehicles and plant nurseries (ornamental horticulture facilities)
in these areas (Figh). Much remains to be learned, however,
about the different factors that could be implicated in
determining the distribution and abundance of these non
naive predatoryflatworms.

Currently, many populations of tree snails live in fragmented
hardwood hammocks, remnants of a once continuous forest
habitat that extended throughout southeastern Florida and its
Keys (with some degree of mixture with other hatsitsuch as
pine rocklands and coastal and freshwater wetlands). With
highways and real estate development cutting through these
forests, the ecological and habitat attributes of these now
biogeographic islas are already affected by wkliown
fragmentabn impacts and consequences (Lauraetca.,

2000, which means the conservation of these remaining

Fig. 4.A - Liguus fasciatuyar. castaneozonatusn a mature
hardwood hammock tree in Miafbiade County, mainland south
Florida (Photo: Tim Collins). B Liguus fasciatuyar. alternatus
aestivating on viil tamarind treel(ysiloma latisiliquumin a
Miami-Dade County protected hardwood hammock (Photo:
Lawrence Lopez). €Three individuals of.iguus fasciatusar.
roseatusduring the breeding season on a hardwood hammock
tree in MiamiDade County, FloridéPhoto: Lawrence Lopez). D
- Drymaeus multilineatus a MiamiDade County hardwood
hammock, mainland south Florida (Photo: Lawrence Lopez)

imperiled natural areas is essential for the continued existence
of tree snails in south Floridaiguusfasciatusis quite

variable with about 59 coloful varieties, many of them with
extremely limited distributions, some of which appear to have
totally vanished (Close, 2000). Now, with the invasion of

NGF into south Florida, the pressure is mounting to take steps
to protect these tree snails. Our gigab assess tree snail and
NGF populations and to keep state and federal agencies as
well as the general public informed of research developments
and recommended actions. Additionally, our research will

Fig. 5.New Guinea flatwormKlatydemus manokwarexiting a
Miami-Dade County hardwood hammock, moving into an
adjacent agriculturagrove in 2015. (Photo: Alicie Warren)
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report on findings related to the natural historgl anology of
tree snails, NGF and other land planarians in south Florida.
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DISEASE IMPLI CATED IN DECLINE OF
THE THREATENED OBO GIANT LAND
SNAIL ARCHACHATINA BICARINATA IN
SAO TOME AND PRINCIPE

By Martina Panisi & Ricardo F. de Lima

The rapid decline of the Obd giant land s#aithachatina
bicarinata (Bruguigre, 1792; Fig. 1) has long been identified
(Gascoigne, 1994)allimer & Melo, 2010 Panisiet al., 2020)

in the oceanic islands of Principe and S&o Tomé (Democratic
Reppbji qf 9ap J amé and,Pricing, Cenyal Afigdiere

is endemic. The species was abundant spread until
themid-20th century, but it is now restricted to the most
remde forests of both islands (Pangsial, in press.
Overharvesting, habitat loss and the introduction of the West
African giant land snairchachatina marginatéSwainson,
1821; Fig.1) are all possible causes for its decind,a
potentialdisease haalso been imptiatedsince 1994
(Gascoigne, 1994; Panist d., in pres3. The Obé giant land
shail is listecby IUCN (Clarke & Naggs, 199&)s

i Vul n ebuta bdwassessment suggests an upgrade to
AEndangeredo. The suspBeasesn
particularly concerning, as it would have the potential to push
it towards extinctions in the near future.

Apparently sick individuals have been recorded on both
islands and mass mortality events have been recorded on Sao
Tomé in recent yeartn March 2021, we failed to find live
Obd giant land snails at Zagaia, a remote peak covered in
native forest in the Sdo Tomé Obd Natural Park, where it used
to be abundant until recently, according to monitoring reports
and interviews (Fig. 2). We foundnd intact dead snail shells
and several fragments of old shells belonging to both juveniles
and adults of the threatened species, and evidence that the
introduced giant land snail had reached this location. A similar
D

Fig. 1. Part of an educational display at tbbé giant land snail
ex-situ centre in S&o Tom@n the left, the inasive West

African giant land snailrchachatina marginatéshell length

~75 mm, individuals in Sdo Tomé and Principe can reach up to
~125 mm). On the right, the threatened Ob6 giant land snail,
Archachatina bicarinatgsinistral, shell length ~ 160 mm).
(Phota Vasco PissartdorestGiants Proje¢Alisei NGO).
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event had been recorded in 2017, winenvisited another

remote location near the Cabumbé peak, where the species

was also long known to occur, according to local hunters. , Africa

There, we also recorded no live Obd giant land snails, but 22

freshly dead adult or near adult specimens in just £4)0 m

three of which containing eggs that were still visible (Panisi, y;

2017; Fig.2). No dramatic climatic event was reported during /

these periods and the areas are seldom visited i J

In 2019, an essitu breeding programme was created for the k¢ g e Archachatina marginata
species in S&o Tomé abtain information on its ecology L ¥ g;iﬁ?:’e'fmif?: fég 4
(Panisiet al.,2020), but three separate events between "3 Yy

February and Jur020 affected the populatipwhich was R ,_wf“ : Archachatina bicarinata
being kept in opeir cagesFifty-eight percent of the J probable extont of
individuals showed symptoms of a disease and ofdsem, L SoouTRnoRbBlorRan
including some juveniles that had been borssi,

eventually died B “ Probability of occurrence in 2017

A. marginata A. bicarinata
<10%
10%
20%
30%
40%
50%
60%
70%
80%
>90%

Although there is no proof that the wild andstu events are
related, the snails showed similar symptoms: the individuals
weigh less and present leucodermic lesions, wesaken
epidermis, low mobility and occasionally tuberculations in the
foot. Leucoderrit lesions have been describedhegiant
African land snailLissachatina fulicdBowdich, 1822) in their
native range (Mead, 1979), and in wild and captive
populations intnduced in India (Raut, 1983) and ¢slands in

the Pacific (Gerlach, 2001). A presumed disease has been
attributed toAeromonaspp. bacteria (Mead, 1979), and it

was observed to spread easily when snail populations are
dense (Raut, 1983). This may expl#ie mass mortality

events recorded for the Obd giant land snail, which can occur
at high densities in isolated forested patctRanisi, 2017;

Panisiet al, 2020, and helpprovide a possible explanation g & "8 1o F0km
for its spectacular decline.

(1 1]
(iR

Fig. 2. Changes in the potential distribution of the Ob6 gliant
The spread of thidisease has already been linked to the snailArchachatina bicarinatand the West African giant land
introduction of molluscs in some islands of the Pacific, where snail Archachatina marginatan S&o Tomé Island - The

it has been suggested to help reducing the population growth dotted blak lines represerhe probable extent of occurrenoé

f the introd d I but not ilv affect nati A. bicarinatabefore 1980, based on 38 intervies¥selevant
ot the Introduced mMolluscs, but not necessarily afrect native stakeholderssuch agcoguides and snail harvestéPanisi,

species (Gerlach, 2001). 8&ioTomé, it has been 2017). The dotted red lines represent the estimated distribution of
hypothesied that alisease may have been introduced in the A. margnatain 1994 (Gascoigne, 19943.- The islandwide

islands together with the West African Giant Snail distributionin 2017was modelled byanisi(2017)for both
Archachatina marginat§Gascoigne, 1994), bthe exact speciesThe black datrepresent the locatioof Zagaia,
mechanisms of interaction between these two giant snail surveyedn 2021 (left) and the area near Cabumbeé peak,

species is nawvell understood. Anecdotal reports of local surveyed in 2017 (right)rheinsetat the topshows the location

inhabitants are consistent and seem to match our observations ~ ©f S80 Tomé Islanth relation to mainland Africa

as well as the few written accounts regarding the reduction in  forests (Forest Giants Project, 2019; Rebelo, 2020). However,

the distribution of the Ob6 giant land snail following the efforts have focused mostly on stopping habitat loss and
spread of the introduced erfFig. 2). Nowadays, the species harvesting, which this potential disease might prove fruitless.
are almostompletely segregated in space, sometimes Thus, weurge for the need of a specialisintervention to
separated by natural barriers, such as stréBarssi, 2017). identify the exact cauég of death, and assess how to prevent
We did not find evidence of the presence of the invasive snail  future declines, whicprobablywill involve further exsitu

in the surroundings of the freshly dead @jint land snail in conservéon efforts.

2017. Nonetheless, the introduced snails have also been seen We

. . ; ; . acknowl edge t heomwap@énciade f r
showing signs of disease, such as leucodermic lesions, on both g raia B O

a Tecn@ECToMCTES®D/BD/140814/2018 and

islands. UID/BIA/00329/2021 to Centre for Ecology, Evolution and
The Obb giant land snag an iconic terrestrial mollusc that, Environmental Change<E3c), the Forest Giants Project,

in recent years, has been widely uasdlagship for the Alisei NGO, and Fundgio Principe. Thanks to Vasco
protection of the unique malacofauna of Sdo Tomé and Pissarra, Gabriel Oquiongo and Ineias Dias for their help
Principe, and even for the conservation of their endeiatic during surveys. A special thanks to Drs. S.K. Raut, P. Pearce
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Kelly, A. Cunningham and A.A. Gajic for their help and
advice regarding the disease outbreak.
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IMPORTANCE OF AUTHORS OLABELS
AND OTHER COLLECTION
INFORMATION IN EX SITU
CONSERVATION OF BIODIVERSITY

By Basudev Tripathy, Amit Mukhopadhyay & Sheikh Sajan

Ex situ conservation and preservation of biological divgrsi
(especially endangered species) is always a chalfeng
conservationistand policymakersegardingdevelopment of
proper management strateg{eane, 1996; Soberéet al,
2000) Most of the essitu efforts,such asn vitro tissue
culture, museuradlections captive breeding, aquarism
botanical gardesiand genomic databasge.g. GenBnk)
render complementary services fioisitu conservation and
preservatiorandrepresent an insurance against extinction of
erdangered species. Meanwhile,stu conservation provides
ample opportunitiefor governmerg and norgovernmerl

Museum Registration Number

Species Name

Type Locality
Collector Name

Type Status

Fig 1.Label ofHenry Havershan®odwinAu st en wi t
indication, registration number and other relevant information.

organgations,research and educationastitutions, individual
researchers and studentstmtribute to the preservatiar
biological diversity.

Taxonomy is the science oaming, describing and classifying
theworldd s b i o,prowdmgasruciaMink between

other branches of science. A taxonomist who destabe
particular species arglaces it in aystematic arrangement is
also actively involvd in both insitu andex situ preservation
and conservation of the species as wethaspecimes on
which the species is describddhe original labedand other
information provided by the author associated with the
museum specimemay includenformationon the species

Sy mp o srcludingdarhe, highentaxdgeality, date, habitat and other

relevant informatiothatcould be used by future workersof
only taxonomistsut alsoecologistsclimatologiss and
otherg to study thespeciesn situ (Tripathy & Venkitesan,
2011; Tripathyet al, 2019;Breure & PalGergely, 2019
Sajanet al, 2019) Authors fabels and other documentation
such as field notegarticularlyfor type specimes) may
providedetailed information about tymend othetocalities
andcould be uskil for ecologiss and conservationisis
formulating speciespecific conservation plans and preserving
biological resources (Fig. 1$uch documentatiocould also
be useful for resolmg taxonomicproblems helpng to pursie
the historyof the specieandthe previousand currenstatus of
the speciegNaggs, 1997; Anistratenko, 201Sytcharitet al,
2015;0liver et al, 2017; Tripathyet al,, 2019; Sajaret al,
2019) Ex situ preservation and conservation willhiadered
without theoriginal documentationf the ixonomisgs) who
described and namékle specie§Tripathyet al, 2019; Sajan
et al, 2019) Hence, natural history musesandother
nationalandinternationalnstitutionsandbiodiversity
repositoriesnvolved in taxonomyan play a vital role in the
maintenance and preservation of the hard work of taxonsmist
in support ofexsitu preservatiofHooperGreenhil| 1992;
Lane, 1996Drew, 2011;Sutcharitet d., 2015;Ballardet al,
2017; Tripathy & Sajan, 2019)

The shrinkage of habitats due to antlogenic activities,
includingmoderngation, habitat fragmentation, urbaation
and climate changmaycause rapid extinctiofiFahrig, 2003;
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Thomaset al, 2004; RoméasPalacios & Wiens, 2020Under
such scenarigghe authas abelsandother information
would help toascertain the formeangeof the species-or
examplejn India,most of the species described from Chilika
Lake and Chingrighata (now part of the East Kolkata
Wetlands) duringhe British colonial periocarenow only
known from museum caktions and most of them are
untraceable in isitu environmentsAt present most natural
history museums lva begun tadigitise ther collections and
otherresource¢Chavan & Krishnan, 2003; Hedriek al,
2020, but atthe same time they should alsatis on
preservingoriginal authorélabels so that futurgeneratios
will still be able toexplore the history of the specimens.

We thank the Director, Zoological Survey of Indiar
providing necessary facilitie&S is supported byZoological
Surveyof India postloctoral research fellowship.
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STUDIES ON THE HABITAT OF )
THEODOXUS PREVOSTIANUSN KACS,
HUNGARY

By Sando©Otvos & Janos Varga

Theodoxus prevostiang€. Pfeiffer, 1828)s a relict

protected freshwater snail species, in the Carpathian Basin
(Fig. 1). Since 2002, we have been conducting studies in the
K&cs spring area, the only remaining natural habitatief t
species in Hungary, in order to better understand its habitat
requirements (Fig. 2). The only significant literature on the
population of the species located in the arehdspublication

of Lukacs(1959). The species is mentioned in saadier
malacological works \Vagner, 1937So06és, 1943; Vasarhelyi,
1956 but noother serious studies have been carried otdrso
To make up for the shortfall, we felt it was important to learn
more about this undeservedly neglected mow endangered
shail speciedNowadays, the onlgopulations outside our
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Fig. 2. Habitat of Theodoxus prevostianu@ase map: Fig. 3. Tepidspring stream (left), cotdpring stream (right).
pinterest.com) : :
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sample area are found in the tepid springs of Bad V&slau
(Austria), Bad Fischau (Austria) aldu § el a Vas ( S|
(Fehéret al,, 2011). It is therefore particularly remarkable that,
as a result of the efforts of Hungarian malacologists,
Theodoxus prevostianugas successfully reintroduced from

the Kacs Spring to its former habitat, the Saly Sp(Fehéret

al., 2017).

As no preliminary research results were available, our initial
aim was to determine the size of the population. In addition to
the continuous recording of data, the environmental changes in
the habitat meant that we expected toduam a highly diverse
programmeof research. As the results were being evaluated,
new studies and research objectives were identified.

In the Ké&cs spring area there are two major springs (atepid
water spring (hypothermal) and a coldter spring) and

several other springs providing low water yields. After 100
metres, the two tributaries converge and continue their course
as the Kacs stream (Fig. 3). During our studies carried out in
2002, Theodoxus prevostianugas recorded in the solid bed
material of he tepidwater tributary and the first few hundred
metres stretch of the Kacs stream. In 2006, specific studies
were carried out to explore the population. The method
involved placing 25%25 cm squares of stone slabs at each of
four designated test sites: tkpid-water spring, spring outlet,

2) cold-water spring, spring outlet, 8pnfluence of the two
tributaries, 4Kacs streaqm700 mbelowthe confluencéFigs.

4,5). The highest population densityfprevostianusvas

found in the tepievater springand a significant population

was also detected at the confluence and in the Kacs stream
section. The total size of the Kacsi population was estimated at
3,000,0003,200,000 individuals/NVe did not record the

presence of the species at all in the coldngprandbelowan

800 m stretch of the Kacs stream its habitat also disappears -
completely,as the stream goes owewaterfall. Fig. 5. Test site 4 cold-water spring outlet (in the foreground)

. . . d test site B confl in the back d).
During a followup study in 2010 (data recording fr&a and test site 8 confluence(in the background)

April to 17 September) we found that in the tepidter filled with sludge 3660 cm thick (recorded in April 2010).
spring, the sl bed material essential for prevostianusad This was due to the deposition of sediment washed into the
disappeared, and instead the entire length of the tributary was  catchment area by suddbeavy rainfall. Th&. prevostianus
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Fig. 6. Creation of artificial habitats in the Tepidater spring.

population had been reduced by®®% in the tepievater

spring. A prompt and effective status assessment and a habitat
restoration plan was needed. Following our method, warre

our stone slab study at the tepwdter spring outlet in order to
obtain at least an approximate indication of the extent of the
destruction. The resulisdicateda reduction irmbundancef

shails from 406600 individuals (data recoedfrom 2

February to 14 May 2006) to only -B® on a stface of this

size. The habitat reconstruction was started in the estuarine
zones of the creeks flowing into the main river, which are less
affected by siltation. Stones were placed in these small
estuaries to provide habitat for any remaining individuals.

few individuals successfully settled on these stones, so it was
considered appropriate to place large stones on the left bank of
the river (20 such monitoring sites were designated), where we
detected some individuals attached to the leaves of the
overhanging foliage. A few weeks later, the stones were

placed in the middle of the bed (Fig. 6). In 8 months, a very Fig. 8. Theodoxus prevostianirsthe coldwater sprirg.
significant and consistepatternof reproduction was

observed on the stones, starting with an average-6025
individuals. In February 2014, population of 1900-17,000
was recorded, which also increased considerdining
subsequent breeding cycles (Fig. 7). However, the original
2006population in the tepiavater spring, which wascorded

at around 800,00Q,000,000 individuals, had neggained its
former sizebecause oihsufficient removal of the fine
sediment from the riverbed. About 70% of the riverbed is still

which outstrippedhe rate of the removal of silty bed material
from the tepidwater springo the extent thahere was
insufficient habitat for growth of thT. prevostianus
population. Today, tens of thousands of individuals can be
recorded in the colsvater spring (Fig. 8). The species, which
used to be restricted to warm water springs, can now find
suitablehabitat in cold water af4-15 °C. The occurrerein
waterof lower temperatures is not a recent phenomenon, as
De z s R hadake®dy secorded numerous references to

filled with silt. mass presence in cold springs in his study (Lukéacs, 1959). The
Our main objective was to reintroduce the snails through guestion then arises why, in the 2006 studied,.no

natural means; therefore, we did not want toaise prevostianusvere found in the sphg with lower water
translocation approach. From 2011 onwards, continuous field  temperatures. The most probable explanation for this is that in
observations on thdevelopmenbf the population have been 1972 the coldvater spring was reclaimed, and a spring house
carried out and the first revision date of the habitat was built, the water from which is still used adomestic
reconstruction was set at 10 years (2021). The processing of water supply. It is probable that the caloringT.

the recorded dataf numbers ofndividuals is still in progress. prevostianugpopulation was completebxtirpatedoy the

It is already well established that there has been a major work onthe riverbed at that time, and that it then adapted
habitat rearrangement in tiie prevostianugpopulation of the exclusively to the tepigvater spring with its more favourable
springs. This is manifested in the fact that the snails have water temperature range. Although we have no data available
begun to populate the griously neglected cold spring on this, itcan be assumed that the water treatment processes of
progressively. This ia result ottheir high reproductive rates, the time were not conducive to the reintroduction of the snails
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Fig. 9. The malacofauna associated witheodoxus prevostianus

either. It is for the same reason that we can speculate on the
extinction of the population df. prevostianusn the Saly

spring, whch was also reclaimed in 1974. The species has not
had the opportunity to repopulate this spring, as there is only
one spring outlet. It is worth noting that modern water
treatment techniques are now being used in both habitats,
which could greatly facilitateht reintroduction of the
population. In addition to the studies on population density,
we have also conducted research on the effects of water
temperature on the snails and started fossil quaternary
malacological studies of the K&cs spring area and its
immediate surroundings, the data from which are currently
being processed. Also of particular importance was the study
of the associated malacofaunaltieodoxus prevostianus
(Bythinella pannonicaBythinella thermophilaFagotia
daudebarti), especially withregard to the effects of the
species on each other (Fig. 9).

Fehér, Z., Majoros, G., Otvis, S. & Sélymos, P. 2011. Proposed re
introduction of the endangered black neritbgodoxus
prevostianusMollusca, Neritidae) in Hungaryentaclel9: 36-39.

Fehér, Z., Majoros, G., Otvés, S., Bajomi, B. & Solymos, P. 2017.
Successful reintroduction of the endangered black nerite,
Theodoxus prevostian(Bfeiffer, 1828) (Gastropoda: Neritidae)
in Hungary.Journal of Molluscan Studieg3(2): 240242

Luké&cs, D. 1959. A Biikkegységi langyosvizek allatainak dkoldgiai
viszonyai (Kacd ¢r dR vi zei nek r hAdatanii ol
Kozlemények7: 121123.

Sods, L. 1943A Karpatmedence Molluseaunaja Hungarian
Academy of Science8udapest478 p.

Vésarhelyi, I. 1956. Két relictum csigar#iskolci Hermann Ott6
Mizeum Kézleményéi 47-48.

Wagner, J. 1937. Ujabb adatok a Bilkdgység Molluscdaunajanak
ismeretéheZAllattani KbzleményeR6: 5965.

Additional relevant literature

FTkoh, L. & ¥tv°s, S.Ter@&@ZetdvilagaA
144(10): 457460.

Gagiu, A. 20040n the extinction of the relict sndiheodoxus
prevestianusP f ei f f er | 1828 iNymphaeab t gani
Folia Naturae Bihariae (Orade&d1: 7581.

Gloer, P., Varga, A. & Mrkvicka, A.C. 2015. EnigmaBgthinella
species in Bukk Mountains with the descriptiorBgthinella
thermophilan. sp. (Gastropod#@mnicolidae).Ecologica
Montenegrina3: 40-45.

Otvos, S. & Varga, J. 201Theodoxus prevostiang€. Pfeiffer,

1828) hidro°kol -giai viszonyain
Malakologiai Tajékoztat@9: 4149,

fe

" af o1 ¥ i Eufopé, thé

Savanyu, K., Juasz, J. & Lénart, L. 1986. Dblikki karsztforrasok
v®dRi dom NMEXK&zriényeit lasorozat, Banyaszat
33(1-4): 1523

Sirbu, I. & Benedek, A.M. 2009. The extinctionTdieodoxus
prevostianugC. Peiffer, 1828) (Mollusca: Gastropoda: Neritidae)
in RomaniaTentaclel7: 1921.

Varga, J., Varga, A, Otvés, S. & ° h, L. 2forGgk
és a Kacspatak csigafaunajanak Ujra vizsgala#tata Academiae
Paedagogicae AgriensisSectio Biologiag3: 117124

Var ga, J. ., ¥t v°sT,he080msp&voS¥ia§Thllfs(€:.h, L.
Pfeiffer, 1 8 2 BIglakokd@iad Fajekodtaddl Rhel y e
Malacological Newslette?5: 95101

SandorOtvos, 3421 Szent
Hungary. sandorotvos79@gmail.com
Janos VargaEszterhazy Karoly University, Institute of Biology,
Department of Zoologyli 3300 Leanyka 0.-8. Eger, Hungary.
varga.janos@ureszterhazy.hu

A K

Il stv8&n kir8ly

BAD TAXONOMY AND POOR
DETECTABILITY HAS HINDERED
ITALIAN UNIO CONSERVATION. THE
CASE OF UNIO ELONGATULUS AND
UNIO MANCUS: WHAT IS THEIR REAL
CONSERVATION STATUS?

By Nicoletta Riccardi, Olga Aksenova, Tiziano Bo, Arthur E.

Bogan, Wendell R. Haag, Ekaterinakkop | eva, Duar't
Gon-al ves, El sa Frouf e, Vanes
Ronal do Sousa, Maria Ur ba@Eska
Vi khrev, Am2NMaouwellopddemax ei r a

Freshwater mionids are declining more rapidly than most
other taxabecause dfife-history characteristics that make
them more sensitive to human and natural disturbances and
that reduce their ability to recover (e.g. a complex life cycle,
an obligate parasitic larval stage on a suitable fish host, and
limited mobility; Strayeret al, 2004). The alarm over this
declining trend, stemming from Unionidae extinctions in
North America, also extends to European species (Lbijpes

§|t3|ation is exacerbated by the
lack of adequate legislation for the protectidrmost species
(e.g. Mammoleet al, 2020). Conservation is limited to just
three of the 20 currently recogeid European species, while
the others receive little or no attention based on the
assumption that they are widespread, abundant and functional
(LopesLimaet al, 2017). The neglected taxa include all the
Italian species. Mediterraneamusselsare of special concern,
ﬁiréc§ teheybage (?Uegtgd bly a wider variety of threats and
require more conservation héions than-Mediterranean
speciegBensoretal., 2021). Like other suthern European
countsigsmltaly is gharacteed by low freshwater mussel
species richness and thissexpected, increases the
importance of each species, as there is little or no redundancy
within the group if a species is lost

The genudJnio is represengdin Italy by only two species:
Unio elongatulusrestricted to the north of Italy and extending

downtheswest gast ofthe Balkagscsouth teAllania,@mde n .
mancusrecorded from eastern Iberia, France, Qasi
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Sardinia Sicily andthe entral and southern Italiariver
basins (Froufet al, 2017).

The two species have oftdeen misidentified or
synonymigdbecause of taxonomic uncertaintidhis has
resulted in a lack of clarity concerning their conservation
status ad legal protectionUnio mancuss currently listed as
Near Threatened in the IUCN Red List and is protected in
Spain under the nanmé. elongatulusHowever there isno
IUCN conservation assessmentlhfelongatulussince this
name has only recently beegvived for theUnio population
in Lake Maggiore (Pri& Puillandre 2014).Nevertheless,
U. elongatuludgs protected under the Habitats Directive
(Annex V) and the Bern Convention (Annex Ill), while
mancuss not listed.

Because ofhese taxonomic copfications, an IUCN
assessment fdJ. elongatulusgs urgently needed, and the
assessment fdd. mancushould be revised to include all the
Italian Unio populations.

Knowledgeof the life historytraits and ecologgf these
species is poor, and incorréakonomy further complicates
the compilation of such informatidifrroufeet al, 2017).Both
species are habitat generalists occurring in lotic and lentic
environmentghatrange from eutrophic to oligotrophid.ike
otherUnio species, eggs and larvae hreodedor short
periods (26 weeks) (Lopesima et al, 2017). Glochidia are
released from May to August in the form of broadcast masses
in mucus strandgt{e authorspersonal observatighand may
attach to native fisbf which cyprinids seem to be thprimary
hosts (Lopes Limat al, 2017).

The current conservation status of the Italian populations of
both species is unknown. Recent (221R21) surveys

suggested an alarming decline in population number and
densityof bothspeciesThe declinamainly affectspopulations

in rivers, in whichthese species are now extirpated from many
sites where they were previously abundant. Most river habitats
are degraded by morpHuydrological changes for irrigation,
energy production purposes or flood control. Tweased
frequency and duration of droughts further reduces the
availability of permanent habitats that can guarantee the
persistence of reproducing populations (Fig. 1). Habitat
destruction and dewatering benefit invasive species, which are
more resistatrto desiccation and able to recotoamirapidly

after dieoffs (e.g.Bielenet al, 2016).

Unlike riverine populations, lake populations are persisting in
most of the sites, although many shamajordensity reduction
(Riccardi, unpublished data). Thisfaifence might be
explained by the stronger impact of hydrological
modifications in rivers than in lakes, where water depth is
probablythe most important factor limiting mussel
distributiors (e.g.Cyr, 2020). Although in lakes the water
level can vary byeveral metes, the shear stregsshich

strongly limits mussel spatial distributigns low and almost
constant. With less limiting hydrological gradients, mussels
have a better chance of finding refuge areas in lakes than in
rivers. Althoughclimatedriven water level reductions are
causing dieoffs in lake shore areas, they do not directly affect
the deeper populations.

Fig. 1. Dewatering in rivers during summer (upper left) and
autumn (upper right) droughts; traces of the displacement of
Unio elongatulugduring river dewatering (lower left) and an
individual that died from desiccation (lower right).

Recently, we undertooknupdateof knowledgeof the
distributiors of Unio species in ItalyTo do thiswe combined
environmental eDNAnd direct surveysTheeDNA allowed
usto overcome the detectability issuesulting fromstronger
hydrological gradients and turbidjtyhich limit detectability

of mussels more in rivers than in lakex therebyntrodue a
bias in the qualitativguartitative comparison of distributions.
To increase the probability of locatipgpulations we
sampled water@2NA in some river stretches. Next, we
physically surveyed the sites that tested positive.
Unfortunately, at none of these sites have we been able to
locate the mussels, despiensiderablesampling effort both
from the banks and by scuba divirigjven the uncertain
detectabilitydistance of eDNA, we cannot discard the
possibility that the surveys were not exhaustive enough or that
mussels may be bed deep in the sediments or present in
lateral refuge areas, such as oxbow lakes and secondary river
branches that were not selectedgorvey. This mismatch
between indirect and direct seamphasizethat new
methodologies, such as eDNAIrveys can telp but not solve
all difficulties in estimating mussel distributions @et al,
2021 and determinants of these mismatcstesuld be further
investigated.

The decline trend was nevertheless apparent in our surveys,
and it is particularly worrying in Mediterranean country, like
Italy, where climate shifts are expected to be pronounced. The
situationis of great concern, especiabigcausén Italy there

is no real conservation policy and no funds are earmarked
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even for the assessment of the consesuagtatus of species DuarteVGon - al ves, Cd& IntttdisRipliaary Kente of
of priority EU interest. This hinders the acquisition oftap Marine and Environmental Research, University of Porto,
date information on species distributicand basic Matosinhos, Portugal

Wendell R. HaagU.S. Forest Service, Southern Research Station,
Center for Bottomland Hardwoods Research, 3761 Georgetown
Road, Frankfort, kentucky40601 USA.

Ekaterina KonopleviaN. Laverov Federal Center for Integrated

demographis, essential for conservation planning. In a
Europe where national action plans are highly unbalanced
acroscountries, Italy and other Meditanean countries are

on thelowerend of the distribution Arctic Research of the Ural Branch of the Russian Academy of
Benson, J.A., Stewart, B.A., Close, P.G. & Lymbery, A.J. 2021. Sciences, Arkhangelsk, Russia
Freshwater mussels inMd i t e rclimate regions: gecies Vgnessa Modesto, C_NR Water Resear_ch Institute, Ve_rbania,_ Italy. _
richness, conservation status, thseandconservation actions Vincent Pri®, Institan, dii ddisuernmsai
neededAquatic Conservation: Marine and Freshwater ISYEBOMuseum natioanabrdbHest @€GNR&, n
Ecosystem81: 708728 Universit®, EPHE, Universit® des
Bielen, A.,|BbgnKak,JakliBepM., BanadogaeusajCBMALentre of Mgecuar andjEnvironmental
Lajtner, J., Simlil, T. & Hudi n BiologsDepagmentgf Biolqgy, Priversiteoh Minhe, Braga, t ol er
to anthropogenic stress between invasive and native bivalves. Portugal _ _
Science of thd otal Environment543: 449459, Amzl car Teixeira, Centro de Inve
Cyr, H. 2020. Site exposure, substrate, depth, and the thermocline Instituto Polit®cnico de Bragan-
affect the growth of native unionid mussels in a stratified lake. Bragan- a, Portugal
Freshwater Sciencg9: 773790 Mari a Ur baGska, Departimentsidfy »Dd
Froufe, E., Lopedima, M., Riccardi, N., Zaccara, S., Vanetti, I., Sciences, Pozna® Poland
Lajtner, J., Teixeira, A., Varandas, S., Pri¢, V., Zieritz, A., Sousa, Si mone Varandas, ForlBA®Ce nerpea rfto
R. & Bogan, A.E2017. Lifting the curtain on the freshver Research and T&£oknhobogegnof aAdr &i
mussel diversity of the Italian Peninsula and Croatian Adriatic Sciences, UndsMatessandAjto Douro, Vila Real,
coastBiodiversity and Conservatid?6: 32553274 Portugal )
LopesLima, M., Sosa, R., Geist, J., Aldridge, O., Araujo, R., llja Vikhrev, N. Laverov Federal Center for Integrated Arctic
BergengrenJ., Bespalaya, Y., Bédis, E., Burlakova, L., Van Research of the Ur_al Branch of the Russian Acadd3ciences,
Damme, D., Douda, K., Froufe, E., Georgiev, D., Gumpinger, C., Arkhangelsk, Russia _
Karatayev, A., Kebapgi, UKilleen, 1., Lajtner, J., Larsei®.M., Manuel-LLoopes Cl BR@slemBlc@ Center i
Lauceri, R., Legakis, A., Lois, S., Lundberg, S., Moorkens, E., Biodiversity and Genetic Resourc
Motte, G.,Nagel, K-O., Ondina, P.Quteirg A., Paunovi¢M., Portugal

Prié V., von ProschwitzT., Riccardj N., Ru,dMz gtRardz ot i s
M., SchederC, Seddon, M.k e r e fH.,iSimla n, Sékolova

S, Stoeck] K., TaskinenJ, Teixeira A., Thielen F, Trichkova FOUR MOLLUSC SPECIES ASSESSED
T., VarandasS, Vicentini, H., Zajag K., Zajag T. & Zogaris, S.
2017. Conservation status of freshwater mussels in Europe: state of BY COSEWIC IN 2020 AND 2021
the art and future challengéiological Revievs92: 572607. By Dwayne A.W. Lepitzki & Joseph P. Carney
Mammola, S., Riccardi, N., Prié, V., Correia, R., Cardoso, P., Lopes
Lima, M. & Sousa, R. 2020. Towards a taxonomically unbiased The COVID-19 global pandemic required all meetirajshe
European Union biodiversity strategy for 208@oceedinys of the Committee on the Status of Endangered Wildlife in Canada
Royal Society B87: 20202166 (COSEWIC) to be online. COSEWIC&» independent body
Prié, V. & Puillandre, N. 2014. Molecular phylogeny, taxonomy, and  of experts that assigns conservation status to speciestising
distribution of FrencJnio species (Bivalvia, Unionidae). IUCN criteria and recommends listing and legal protection
Hydrobiologia735: 95110 under the Canadia®pecies at Risk ACSARA; see Lepitzki

Prié, V., Valentini, A., Lope&ima, M., Froufe, E., Rocle, M.,
Poulet, N., TaberleR. & Dejean, T. 2021Environmental DNA
metabarcoding for freshwater bivalves biodiversity assessment:

& Mackie, 2013in Tentacle?1, for details). Condensed
assessment meetings were still held twice a year (Mait

methods and results for the Western Palearctic (im0 sub and NovembeDecember 2020 and 2021) but fewer species

region).Hydrobiologia848: 2931295Q were assessed thams previouslytypical. Four of thee were
Strayer, D.L., Downing, J.A., Haag, W.R., King, T.L., Layzer, R.J., molluscs: one terrestrial snail, one marine bivalve and two

Newton, T.J. & Nichols, 9. 2004. Changing perspectives on freshwater mussels. Two of these were reassessments and two

pea |y mussels, North Americads mgefetassedB®defdr thé frst tinfeN SARA fte§uires thaslkat

BioScienceéd4: 429439 species be reassessed everyddls or sooner if warranted.
Nicoletta Riccardi, CNR Water Research Institute, Verbania, Italy. Details of the asssments of these four species, with the
nicolettarita.riccardi@cnt.i IUCN criteria on which their final categories were based and
Olga AksenovaN. Laverov Federal Center for Integrated Arctic the date of the meeting at which they were assessed, are as
Research of the Ural Branch of the Russian Acaden$ciences, follows. [Note thatalthoughCOSEWIC adoptethe [UCN

Arkhangelsk, Russia
Tiziano Bo, NaturaStaf, Via Lunga, AT, Italy
Arthur E. Bogan, North Carolina State Museum of Natural Soés,

criteria it adjusted the names of thategoriesIlUCN
Critically Endangered and Endangered is COSEWIC

Raleigh, North Caroling USA. EndangeredEN below);IUCN Vulnerable is COSEWIC
Elsa Froufe, CIIMAR/CIMARS Interdisciplinary Centre of Marine ThreateneqTH below);IUCN Near Threaned is COSEWIC
and Environmental Research, University of Porto, Matosinhos, Special ConcerrlJCN Least Concern is COSEWIC Not at
Portugal Risk]
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Black Hills Mountainsnail (Oreohelix coopelj This marine bivalve (Fig. 2tonfined in Canada to the Minas

EN Blab(iii)+2ab(iii), May 2021 (COSEWIC, 2021a) Basin in Nova Scotialso is dependent on a specific
- ' 4 geological formation and bores only into medidstone facies.
e The nearest populations outside Canada are along the coasts of

Maine and Massachusetts, USA. Changes in sediment
deposition can bury, smother and kill the immobile adults.
Increased frequency and intensity of severe storms and
hurricanes due to climate change is the biggest threat; human
activities that alter water floverosion and sediment
depositionand pollution from urban and agricultural sources
also are threats. An abbreviated form of the status report was
used for this reassessment.

Purple Wartyback (Cyclonaias tuberculata

TH Blab(iii)+2ab(iii), May 2021(SARA Public Registry,
20213 status report yet to be posted

Fig. 1.Black Hills Mountainsnail @reohelix coopeli on a piece
of bark, Cypress Hills Interprovincial Park, Alberta, Canada,
2018. Shells of this species are typically ~1 cm in diameter.
(Photo: R.G. Forgh)

This terrestrial snail (Fig. 1) is confined to four mountainous
Asky islandsodo on the Great Pl
it occurs only in the Cypress Hills of Alberta and

Saskathewan, an area that escaped the last glaciation that
ended over 12,000 years ago and is the highest point between
the Rocky Mountains to the west aadl the other end of the
continent, the Torngat Mountains in Newfoundland and
Labrador to the east. Origilly described a®reohelix

strigosavar. stantoniDall 1905, and thought to be endemic to

the Cypress Hills, recent COI gene sequencing supports its Fig. 3.Live adult Purple WartybackOyclonaias tuberculaja
identity asO. cooperi(Binney, 1858). This snail is patchily observed during a nssel survey, southern Ontario, Canada.
distributed and appears to be associatél avspecific (Photo: Fisheries and Oceans Canada)

geological formation, the sand, silt, cobbles and
conglomerates of the Cypress Hills Formation. Catastrophic
wildfires, exacerbated by fire suppression and droughts
associated with climate change, and introduced ground
feeding birds are theidpest threats. Indeed, western North
America has recently experienced unprecedented heat waves
and fires, as have other areadluof globe.

In Canada this longived, mediumsized, heawshelled
freshwater mussel (Fig. 3) is restricted to three small to large
rivers in southwestern Ontario. It prefex substrate of cobble,
graveland sind and is believed to be extirpated from the
historically occupied Detroit River and Lake Erie, both shared
with the USA, because of the dreissenid mussel invasion that
started inthe1980s. Threats include agricultural and urban
Atlantic Mud -piddock (Barnea truncatg pollution, droughts caudeby climate change, continuing

TH D2, May 2021, retainestatus previously assessed invasion by dreisserjids and more recgaﬂ?nvasive fjsh the
November2009 (COSEWT, 2021b) Round Goby Eogobius melanostomydirst detected in North

_ , America in 1990), and dredging.
s - "'%{.«A :2331‘ ‘3

e

Dwarf Wedgemussel Alasmidonta heterodon

Extirpated, December 2@2retained status previously
assigned in 1999, 2000, 2009 (SARA Public Registry, 2021b;
latest status report yet to be posted)

The 2021 Rapid Review of Classification, an even more
abbreviated form of the status report, confirmed that this

species is dtiabsent from Canada but continues to be found

in rivers from North Carolina to Vermont, US#hereits

abundance is declining. It once occurred in a single river, the
Petitcodiac, in New Brunswick that flows into the Bay of

Fundy. A causeway constructadross the river in 1967/68
prevented the anadromous host fish@sl§ablyAmerican

Shad Alosa sapidissimar equi red t o compl et
life cycle, from migrating to their spawning grounds. While

Fig. 2. Atlantic Mud-piddock Barnea truncatiin their bore
holes in red mudstone, Minas Basin, Nova Scotia, Canada. Their
siphons can be seen. (Photo: Andrew Hebda)
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the causeway is no longer fully blocking fish migyatand
host fishes have been observed in the river, there are no
mussels present to-establish the population.

More information on COSEWIC, including definitions of the
criteria and status, can be foundree COSEWIC website
Status reports for all species assessed by COSEWIC
eventually will be posted online; follow the links at timve
website.

COSEWIC. 2021aCOSEWIC assessment and status report on the
Black Hills MountainsnaiDreohelix cooperin Canada.
Committee on the Status of Endangered Witdih Canada.
Ottawa. xi + 48 p

COSEWIC. 2021bCOSEWIC status appraisal summary on the
Atlantic Mud-piddockBarnea truncatdan CanadaCommittee on
the Statis of EndangereWildlife in Canada. Ottawa. xp.

Lepitzki, D.A.W. & Mackie, G.L. 2013. Molluscs assessed by
COSEWIC in 2012Tentacle21: 26-27.

SARA Public Registry. 2021&pecies at Risk Adpecies summary:
Purple WartybackQyclonaias tuberculaja

SARA Public Registry. 2021ISpecies at Risk Adpecies summary:
Dwarf Wedgemussellasmidonta heterodgn

Dwayne Lepitzki, Wildlife Systems Research, P.O. Box 1311, Banff,
Alberta Canada T1L 1B3. Gchair, Molluscs Species Specialist
Subcommittee of OSEWIC.lepitzki@telusplanet.net

Joseph Carney, Associate Professor, Biology Department, Lakehead
University, Thunder Bay, Ontario Canada P7B 5E1-cGair,

Molluscs Species Specialist Subcommittee of COSEWIC
jcarney@lakeheadu.ca

CONSERVATION OF FRESHWAT ER
MUSSELS IN EUROPET THE

CONFREMUS COST PROJECT

By Zaj Nc

The times when the scientist worked alone are long gone.
Successful research leading to important scientific
discoveries, successfully implemented in policy and/or
practice, requires extsive collaboratioamongscientists

from different countries. For this reason, ther&ean Union
(EU) long ago initiateda projectknown asCOST(European
Cooperation in 8ience andrechnology). The mject only
provides funding for networking, stimulating the transfer of
knowledge and technologgmongdifferent European
countries and their neighbhoods, esgecially between new
and old EU membertates. At the end of 2019, we launched
the CONFREMUSmj ect A Conservation
mussels apanrEur opean @@Sphciioanc ho (
CA18239), which aims to integrate data on the phylogeny of
European species, their diversity and abundance to identify
patterns of spatial diversity and species (or populajian

need of urgent conservation action. Both for scientific and
conservation purposes, it is also very important to combine
knowledge about the biological characteristics of mussels
with information on the featuresf their habitag in order to
identify the processes leading to the decline of mussels or,
on the contrarythoseresponsible for their resilience.
Knowledge of the status of bivalve molluscs must be based
on effective monitoring schemes developed using the best

Tadeusz

scientific knowledge. It is vgrimportant for scientists and
the general public to understand the role of bivalve molluscs
as providers of key ecosystem functions aelises. The
project will analys the scientific horizon of freshwater
mussel research and prepare a strategic pragedor their
protection in Europe, both to prepare specific conservation
measures and to raise awareness and involvement of
European societies. However, project progtess been
slower than expectegecause othe QOVID pandemic
hampering activities basexh faceto-face meetings.
Nevertheless, we have done a lot to preparefaopean
databasesndstimulate large international tearttswork on
the distribution and diversity of bivalve molluscs, on the
ecosystem functions and services provided by fresém
musselsand onmonitoring and research methodological
standards. The period of uncertainty caused 6D is
ending: we already know how to adapt international research
coordination to new conditiorendhow to develop new

ways of communication antbllaboration. Our project is
constantly growing, finding new participants from the EU or
neighbarring countries (over 100 scientists from the 30
countries involved). More about the project can be found on
thewebsite cost4naiads on Facebook, aordaa new portal
www.e-mussel.euthatwill be launched soon.

T a d e u s 4nstifute joflf&lature Conservation, Polish Academy of
Sciences31-120 Krakéw, Al. Adama Mickiewicz 33 Poland

EVALUATION OF THE CONSERVATION
STATUS OF BRASILIAN NON-MARINE
MOLLUSCS (FRESHWATER BIVALVES)

By Sonia Barbosa dos Santos & Igor Christo Miyahira

The Chico Mendes Institute for Biodiversity Conservation
(Instituto Chico Mendes de Conservagia Biodiversidade
ICMBI0) is an agency linked to the Ministry of Environment
(Ministério do Meio Ambiente MMA), which coordinates

the assessment of the risk of extinction of species, periodically
updating the OfficiaNational List of Endangered Bii#ian

Fauna Species.

The previous evaluation period, Evaluation Cy¢8antos,
Miyahira & Mansur, 2013; Santos & Carvalho, 2014; Santos
et al, 2015; Santos & Miyahira, 2018) was closed with the
publication of the last edition of the Red Book of &lian
Endangered Fauné&gMBio, 2018).Since 2021 wéave been
re-evaluating thenonmarinemolluscs startingvith the
freshwater bivalves. Durintpe following months the
evaluation of gastropods will take place.

For this Evaluation Cycl# a letter of inviationwas sent by
email on4 October 20210 the members ghe Sociedade
Brasileira de Malacologi¢SBMa) as well aviathe SBMa
instagram(@malacologiabrasil) to a wide audience. The work
is being coordinated by the National Center for Research and
Conservation of Marine Biodiversity of the Northeast
(CEPENE) of ICMBIo, wher¢he focal point for the
flAssessment of the Risk of Extinctionddn-marine

Mollusca Species and other #axs located
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_Avaliacdo do ¥
risco de extlnga&

Consulta publica

Bivalves de |
agua doce

Disponivel até 21/11/2021

Acesse o link

Fig. 1.ICMBio poster inviting public consultatioon candidate
species of freshwater bivalves for the the Brasilian Red Book

BEM-VINDOS!

OFICINA

AVALIAGAO DO RISCO DE EXTINGAO

BIVALVES DE
AGUA DOCE

| i
-

ICMBid
Vot

ivahira et al, 2017

Fotos: M

De 31/01/2022 a 03/02/2022

Fig. 2.ICMBio poster announcing the evaluation workshop for
candidate species of freshwater bivalves in the Brasilian Red B

The first phase of extensive consultation was open freo21
November2021 (Fig. 1)During this period, specialists anthe
lay publicwere able t@end contributiond/e received several
cortributions to the SALVE syste(iBiodiversity Extinction
Risk Assessment Systeran ICMBIo electronicdatdase that
allows registratiorof candidate speciesdprovidesaccesso
information about tha. By the end of th period, we had 40
bivalvespecies to be evaluated according totheN
categories andriteria. These contributions 8ALVE were

Table 1.Bradlian freshwater mussels to be evaluadeding the
specialists wrkshopin February 2022)ollowing public
consultatiororganised byCMBio. Nomenclaturdollows

I C MB iSALYE (Biodiversity Conservation Status Assessme
System.*Synonym ofAnodontites elongata*Synonym of
Diplodon ellipticus which will be evaluated for the first time in th
Il Cycle. *** Synonymof Diplodon multistriatus

Previous Brasilian Red

Species List (2008, 20018)
categories
Anodontites crispata (Lea, 1834) LC (2018)
Anodontites elongata (Swainson, 1823) VU (2008) LC (2018)
Anodontites ferrarisii ( ©xbigny, 1835) NT (2018)

Anodontites iheringi (Clessin, 1882) EN (2008), NT (2018)

Anodontites solenidae (d'Orbigny, 1835) VU (2008) LC (2018)

Anodontites tenebricosa (Lea, 1834) VU (2008) LC (2018)

Anodontites trapesialis (Lamarck, 1819) VU (2008) LC (2018)

Anodontites trapezea (Spix in Wagner, 1827) EN (2008) LC (2018)

Anodontites trigonus (Spix in Wagner, 1827)* LC (2018)

Bartlettia stefanensis (Moricand, 1856) VU (2008) NT (2018)

Castalia ambigua (Lamarck, 1819) LC (Brasil, 2018)

Callonaia duprei (Récluz, 1842) DD (2018)

Castalia martensi (Ihering, 1981) NT (2018)

Castalia undosa von Martens, 1827 EN (2008) LC (2018)

Cyanocyclas guahybensis Marshall, 1927 First evaluation

Diplodon caipira (lhering, 1893) EN (2008) DD (2018)

Diplodon dunkerianus (Lea, 1857)** EN (2008) DD (2018)

Diplodon ellipticus Spix in Wagner, 1827 First evaluation

Diplodon expansus (Kiister, 1856)*** VU (2008) DD (2018)

Diplodon fontainianus d”Orbigny, 1835 EN (2008) NT (2018)

Diplodon granosus (Bruguiére, 1792) LC (2018)
Diplodon greeffeanus (lhering, 1893) EN (2008) DD (2018)
Diplodon jacksoni Marshall, 1928 DD (2018)
Diplodon martensi (Ihering, 1893) VU (2008) NT (2018)
Diplodon multistriatus (Lea, 1831) DD (2018)

Diplodon pfeifferi (Dunker, 1848)***

Diplodon rotundus (Spix in Wagner, 1827)
Fossula fossiculifera (d"Orbigny, 1835)

Haasica balzani (Ihering, 1893)

Lamproscapha ensiformis (Spix in Wagner, 1827)
Leila blainvilliana (Lea, 1834)

Leila esula (d"Orbigny, 1835)

Monocondylaea franciscana (Moricand, 1837)
Monocondylaea paraguayana (d Orbigny, 1835)
Mycetopoda legumen (Martens, 1888
Mycetopoda siliquosa (Spix in Wagner, 1827)
Mycetopoda soleniformis (Orbigny, 1835)
Rhipidodonta garbei (lhering, 1910)
Rhipidodonta iheringi (Simpson, 1914)
Rhipidodonta koseritzi (Clessin, 1888)

EN (2008) DD (2018)
EN (2008) LC (2018)
EN (2008) LC (2018)
NT (2018)

VU (2008) LC (2018)
EN (2008) DD (2018)
VU (2008) LC (2018)
DD (2018)

VU (2008) LC (2018)
VU (2008) EN (2018)
VU (2008) LC (2018)
DD (2018)

NT (2018)

EN (2008) NT (2018)
CR (2008) EN (2018

Sphaerium cambaraense Mansur et al., 2008 First evaluation

analysed during a preparatorgrishop (DecembeR021),
when, together with ICMBiotaff lara Braga Sommer, Carlos

Augusto Rangel and Jonatas de Arruda Francisco, we evaluated
and complemented the information provided by the researchers,

resultingin 37 sepece® be evaluated (Table 1). The
preparatory wrkshop was the first step prias the evaluation
workshop, whichook place from31 January 31 t8 February
2022 (Fig. 2), virtuallybecause of COVIE19. During and
following this evaluation ywrkshop, about 15 attendants,
including bivalve specialisthave been evaluatirije
informaion collected in the individual species charts to assign
threat categorie3he resuing list will be assessed duriray
validation workshop probably n July 2022, to be published in
the nextedition of the Bratian Red Book.

We emphasis the importancef the ongoing revie, sincethe
results of the EvaluatioByclel (ICMBio, 2018) concerning
freshwater musseled t024 speciebeingexcluded from the
first list of endangered speciesnjaralet al, 2008)because
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of a lackof sufficient information acording to the IUCN support various animals, plants, fungi and algae, contributing
criteria,such that they were able to be included following almost 10% of all species and 35% of all vertebrates described
Evaluation Cycle Il a&C or DD (Table 1) [ICMBio, 2018. sofar (Strayer & Dudgeon, 2010; Molet al, 2011; Stendera
Only Rhipidodontakoseritzi(Clessin, 1888fHyriidae) and et al, 2012). Unfortunately, anthropogenic pressures and
Mycetopoddeguma (Martens, 1888Mycetopodidaavere threats have resulted in freshwater biodiversity declining at an
keptas EN (endangered). alarming rate (Dudgeost al, 2006; WWF, 2016). According

to the LivingPlanet Index, populations of freshwater species
declined more rapidly since 1970 (falling by 81%) than marine
(36%) and terrestrial (38%) populations (WWF, 2016). The
major gap in our knowledge in freshwater biodiversity

We are grateful to our colleagues who voluntarily donate their
time and the best of their efforts for the conservation of our
wonderful freshwater mussels.

As previouslynoted in 2022 we will begin the evaluation of conservation is the lack of data species distributions and

norrmarinegastrgods. Wait for news! threats, especially in lotic systems of tropical regions of the

Amaral, A.C.Z., Ribeiro, C.V. Mansur, M.C.D., dos Santos, S.B., world. Conservation efforts for freshwater biodiversity are
Avelar, W.E.P., Matthew€ascon, H., Leite, F.P.P., de Melo, also far behind those for terrestrial systems (Stereteah,
G.A.S., Coelho, P.A., Buckup, G.B., Buckup, L., Ventura, C.R.R. 2012). This is true for India, in whicldr of thew o r 136l 6 s

& Tiago, C.G. 2008Invertebrados aquaticos: Livro Vermelho

da Fauna Brasileira Ameagada de Extin¢&ost edition biodiversity hotspots occur.

(Machado, A.B.M.Drummond, G.M. & Paglia, &., eds)p. 157 Diversity and endemism

293, 8 plsMinistério d Meio AmbienteBrasilig Fundagéo o .

Biodiversitas Belo Horizonte India is home to over 220 species of freshwater molluscs
ICMBio. 2018.Livro Vermelho da Fauna Brasileira Ameacada de (Ramakrishna Dey, 2007, of which about 60% are

Extingdo Instituto Chico Mendes de Conservagéo da restricted to lotic systems. High overall biodiversity occurs in

Biodiversidade & Ministério do Meio AmbientByasilia Vol. 1, two of thefour hotspots, the Western Ghats and Northeast

492 p; vol. 2, 625 p; vol. 3, 712 p.; vol. 4, 255 p.; vol. 5, 131 p; India (part of the InddBurma hotspot; Myerst al, 2000).

vol. 6, 1235 p.; vol7, 730 p The Western Ghats with various habitat types, both terrestrial

Santos, S.B. & Carvalho, C.E.G. 2014. Review of list of-mamine
molluscs threatened in Brasllentacle22: 19.

SantosS.B. & Miyahirg I.C. 2018 New evaluation of tHist of
endangered nemarine molluscs in Brasil in progre§®entacle

and freshwater, constitute a unique landscape with 35 west
flowing and five major astflowing rivers. These river
systems harbour a host of endemic species, some restricted to

26: 10. a very small region or a river basin, which are also threatened
Santos, S.BMiyahira, I.C, Heydrich, |, Salgado, N.GPena, M, by anthropogenic activities. This makes the Western Ghats
Colley, E, Fernandez, M.AThiengq S.C, Gomes, S.RSilva, worthy of high conservation priority.

M.J, Gongalves, |.C.BLacerda, L.E.M.Tallarico, L.F.&

Martins. D.S. 2015. Observations on the review of the list of In the Western Ghats, 10 families and 14 genera of freshwater

endangered nemarine molluscs of BrasiTentacle23; 26-28. molluscs are reported from lotic habitats with 37 described
Santos, S.B., Miyahira, I.C. & Mansur, M.C.D. 2013. Freshwater and ~ Species, and there are at least 30 more undescribed lineages

terrestrial molluscs in Brasil: current status of knowledge and (Aravind, in preparation; Fig. 1). Apart from these, there may

conservationTentacle21: 40-42 be severabther undescribed species yet to be discovered and
Sonia Barbosa dos Santos (Coordinator of the Taxon Mollusca), studied in the Western Ghats. The families Littorinidae and
Universidade do Estado do Rio de Janeiro (UERJ), Departamento de  Neritidae are predominantly marine, with two genera
Zoologia, Laboratério de Malacologia Limnica e Terrestre, and (CremnoconchuandVitta) colonising freshwater habitats in
Programa de Pégraduacdo em Ecologia e Evoluca®@EE), Rua the Western Ghats. To datremroconchuss represented by
Sao Francisco Xavier 524, PHLC salq 525/2, CEP 2@®B0Rio de the maximum number of described Species (rima)genus
Janeiro, RJ, Brasimalacosonia@gmail.com restricted to waterfalls and distributed between 13 and 21 °N

Igor Christo Miyahira (Assistant Coordinator of the Taxon

Mollusca), Universidade Federal do Estado do Rio de Janeiro . .
(UNIRIO), Departameto de Zoologia, Instituto de Biociéncias, and Western Ghats (defined as between 12 and 1@@\joint

Programa de PéSraduacgao em Biodiversidade Neotropical endemics (known from a single location), found only in one

(PPGBIO),Av. Pasteur 458, IBIO sala 309, CEP 20291, Rio de waterfall,in contrasto the species found in the northern
Janeiro, RJ, Brasilgormiyahira@gmail.com Western Ghats (between 16 and°R), where one can see the

same species in several waterfalls. South ¢iNL3
Cremnoconchus replaced byitta in the waterfallsThe

in the Western Ghat€remnoconchuspecies in the central

FRESHWATER MOLLUSCS IN LOTIC genusPaludomuss the second largest genus with eight
HABITATS OF THE WESTERN GHATS described species distributed across the Western Gnats.

) ParacrostomdPachychilidae)two speciesP. martiniandP.
By N.A. Aravind tigrina, are endemic to the central Wes Ghatswhile P.
Freshwater habitats occupy | ehusgeliismarewide§preaitta gefotietiaag theohlyp s s ur
However, the relative species richness per unit area in known membeof the family Neritidae from freshwaters of
freshwater ecosystems is much higher than in marine and the Western Ghats. The only lotic speaé&smpullariidae,
terrestrial ecosystems (McAllistet al, 1997. This small Pila saxeais confined to the large streamstio northen
extent of habitat houses an extraordinarily high level of Western Ghats near Lonavala and the status of this species
biodiversity (Dudgeoret al, 2006). Freshwater systems needs to be assessed. Severakntattempts to locatit were
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Fig. 1. Representatives of the genera found in lotic systems ol
Western Ghats, India.-lLamellidens2 - Parreysiag 3 -
Indonai?, 4- Corbicula 5- Arcidopsis 6 - Pseudmulleria, 7 -
Paracrostoma8- Pila, 9- CremnoconchyslO- Neosataria 11

- Vitta, 12- PaludomusRepresentatives éfettancylusand
Radiatulanot illustrated.

unsuccessful and there are no recent collectioridroim the
region.

Among bivalves, two genera are endemic to the WesteatsGh
PseudomullerigEtheridae) andrcidospsigUnionidae). Both

are found in two large rivers, the Thunga and Bhadra
(tributaries of River Krishna), in the central Western Ghats and
are sympatric. The former is a cemented bivalve known to occur
in fewerthan half a dozen sites with fewer than 6,000
individuals, and all these sites are outside protected areas and
next to temples or close to urban areas (Madhyastha, 2000;
Aravindet al, 2011). Four other bivalveBarreysia
keralaensigUnionidae) Corbicua krishnae C. peninsularis

andC. annandale{Cyrenidae), are known only from their type
localities. Hence, more studies are required to assess the current
statuses of these species and their actual distributions.

Conservation status of lotic molluscs

All known freshwater mollusc species from the Western Ghats
were assessed for IUCN Red List status in 2010 (Table 1).
Since then, several new species have been described, and the
ecology of some has been studied. Oxlyootej andP. dalyi

and three spées of Cremnoconchuare in the threatened
categories (Aravinét al, 2011 Table 3. The distribution,
population status, ecology, natural history and threats are

Table 1.Freshwater molluscs reported from lotic systems of the
Western Ghats, India, whethendemidE) or norrendemio(NE) to
the Western Ghats and with their Red List stéfild: Endangered,
VU: Vulnerable, DD: Data Deficient, LC: Least Concern, NA: N
Assessel
Class Family Genus/species E/NE* IUCN
status”
Gastropoda Littorinidae Cremnoconchus syhadrensis E EN
C. conicus E VU
C. canniculatus E EN
C. dwarakii E NA
C. cingulatus E NA
C. castanea E NA
C. agumbensis E NA
C. globulus E NA
C. hanumani E NA
Paludomidae Paludomus annandalei E DD
P. inflatus NE DD
P. obesus E LC
P. rotunda E DD
P. tanschauricus NE LC
P. sulcatus E DD
P. stomatodon E DD
P. neritoides E NA
Neritidae Vitta perottetiana E DD
Pachychilidae Paracrostoma huegelii E LC
P. martini E DD
P. tigrina E DD
Ampullariidae Pila saxea E LC
Bithyniidae Neosataria evezardi E DD
Palnorbidae  Pettancylus fivefallsiensis E NA
Bivalvia Etheridae Pseudomulleria dalyi E EN
Unionidae Arcidopsis footei E EN
Lamellidens marginalis NE LC
L. corrianus NE LC
Indonaia shurtleffiana NE LC
Radiatula cylindrica E DD
Parreysia corrugata NE LC
P. keralaensis E NA
P. favidens NE LC
Cyrenidae Corbicula krishnae E DD
C. peninsularis E DD
C. annandalei E DD
C. striatella NE LC

unknown for many species, dithere is a need for further
studies and reassasent of conservation statuses.

Conservation challenges

Freshwater systems are common property resources in India
and are under severe threat (Vorosmattgl, 2010; Fig 2).
Waterfalls, streams and ringeare used extensively for

multiple purpose@cludingwashing clotheandvehicles,
bathing, dumping garbagadpollutants and illegal water
abstraction for agriculture. Alsbecause ofirbanisation and
agricultural expansion in recent times, exteadand use and
land cover changes have resulted in sedimentation and
pollution of rivers and streantecause ofun-off duringthe
monsoon season. This has put pressure on aquatic
biodiversity, including molluscs. The Western Ghats also have
a highhumanpopulation density for any hotspglobally,

with over 420 pepleper knt (Cincottaet al, 2000). More

than onethird of the dams in India are in the Western Ghats,
primarily in the northern Western Ghats. The type locality of
C. conicusn Mahabaleshwamnithe northern Western Ghats is
highly polluted and the species is extirpated from that locality
(Reidet al, 2013; Aravincet al, 2016). Similarly, the

increase in the water level in the reservoir behind Thunga dam
at Shimoga in the central Western @hlaas resulted in the
extirpation ofPseudomulleriadalyi (Aravind et al,, 2011).
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Fig. 2. Maps showing density of roads, railways, population &
dams in the Western Ghatsach grid square is half a degree.

There are several reasons fdpimation paucity on molluscs.
The lack of trainegheoplein molluscan taxonomy and
identification, lack of interest in molluscs in geneliahjted
research funding, unavailability of type collections and
authentically identified specimens in the country, and
difficulty getting permission to collect in protected areas are
hampering research on freshwater molluscs. Therefore, there
is a need tereate awareness among various stakeholders
regarding the importance of molluscs in ecosystems. Also, it is
high time we studied the ecology, natural history and
conservation needs of freshwater molluscs in general and
those of lotic systems in particufmr better conservation of

this imperilled group of organisms.
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VIRTUAL MALACOLOGICAL
COLLECTIONS IN ARGENTINA T A
TECHNOLOGY FOR ENVIRONMENTAL
EDUCATION APPLIED TO THE
CLASSROOM SPACE DURING AND
AFTER THE PANDEMIC, AIMED AT
THE CONSERVATION OF BIOLOGICAL
DIVERSITY

By Heliana Custodi, Alfredo Vilches & Gustavo Darrigran

According to Dioum (1968as cited by Lotze, 2020,é wé

will conserve only what we love, we will love only what we
understand, and we will uedstand only what we are taugh
Based on that, this study will contribute to the generation of a
scientifically aware and literate society, for which specific
environmental education activities will be implemented in the
classroom through scientiftechnological culture, as essehtia
tools for inclusive innovationThe studywill address

education as a tool for society to be lucid abouttiss that
biodiversity faces today (Vilchest al, 2015) and

scientifically literate considering that science is more than a
body of knowledae, it is a way of thinking (Sagan, 199%he
focus of the study ithe second most divergeological group

in nature (molluscs) (Fid.). Digital resourcesmuch expanded
duringthe current pandemic, will be implementednakeuse
of didactic resourcesuch asiological collections (BC) in
general, andnalacologicalollections (MC) in particularFor
their application, accessibility and inclusimirtual biological
collections (VBC)/ virtual malacological colleains(VMC)
accessethrough PCs ablds, mobile phones, etwill be
developed.

The importance of this pregt is framed in the topicality dfie
issue (biodiversity crisiggnd the feasibility othe

objectives/time ratio for its development. Design, construction
and management (DCM) techmies will be used for both
BC/MC and VBC/VMC. These virtual collectionll be easy

to access ant include inuniversity classrooms and higher
education institutes for training of tu@al sciences teachers

The motivations of the students and teachegardingBC as

a didactic resource, its link with the web and their evaluations
will be considered. Tools will be generated for teachers on

BC, DCM techniques as a resource and to ensure that, through

the generation of VBC, the levels of education considean
access the BC/MC that exist imstitutions that have limited
access, which makes their use as attieg resource difficult
(e.g. nuseumsRabanaquet al, 2021) (Fig.2). Didactic
recommendations will be developed regarding the use and
construcion of BC/MC and VBC/VMC, favouringheir use as
innovative strategies in the teaching of biodiversity
conservation. BC/MC and information and communication
technologies (ICT) will be used in the classroom (Custetlio
al., 2019. Quantitative/qualitativanalysis methodology will
be appliedexploratory design.

For the use of ICT, a quicksponse code (QR) will be attached
to the images of the corresponding mollusc specimens, which
will lead to the malacological records (Darrigegral, 2017),

Fig. 1. This work is based on the importarafemolluscs for
humans (e.g. foodesthetics, fouling on a wide array of human
infrastructure).

of the National University of La Plata; education and scientific
research are among its main goals. The malacology collection
contains more than 13,00ft$, including 511 type lots. The lots
are preserved in the traditional way: dry, C- wet, and
microscope slides, as well as frozen tissue for molecular studie

publishal since 2011 in an opeatcess digital education
journal. Likewise, through this QR code, knowledge about
molluscs can be expanded and updated, considering the
educational level to which it is directed

In order to implement accessible and esfé¢ctive DCM-MC-
VMC technigues, mobile phone images will be taken of
batches of two Institutional Collections:
1) The didactic BC of the Biological Sciences Faculty of the
National University of La Plata (UNLP).
2) The Malacological Collection of the Museum of Lat®
(UNLP).
The importance of mollusdor ecosystems in general and for
humanity in particulgrandthe importance of molluscs as a
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teachirg resource foriblogy teachers in Argentina will be
emphasise@Custodioet al, 2018).

TheTree of Life websitevill be used for updated BC
systematics aniolluscaBasdor malacological collections.
Network integration is proposed (eijaturalist Instagram
Fig. 3), withrecreation of didactic scenariandlearning
from eplatforms. The redts of theproject will provide
access to the BC/MC amuotocol for creating VMB/VMC.

This project is part of a doctoral thepi®jectat UNLP and
supporteddy UNLP grants 11/H94®RICT 201901417and
PIP 1966.
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THE XERCES SOCIETY PETITIONS
PROTECTION FOR GONIDEA

ANGULATA (LEA, 1838) UNDER THE U.S.

ENDANGERED SPECIES ACT

By Edward J. Johannes

On 18 August 2020the Xerces Society for Invertebrate
Conservation in Portland, Oregon, USited apetitionto
havetheU.S. Fish & Wildlife Service (USFWS) lisBonidea
angulat (Lea, 1838)western ridged mussdtig. 1) underthe
Endangered Species Act (ES@Jevinset al, 2020)

This species has been dgmted in Canada as a species of
Special Concern because of its limited occurrence, evidence of
declining populations
and continued loss or
degradation of suitable
habitat both in Canada
and the western USA
(COSEWIC, 2003).

The only species in the
genusGonidea
angulatais found
across the western
USA in the states of
California, Oregon,
Washington, Idaho and Wyoming, and in the Okanagon River
drainage (a Columbia River tributary) of southerrtiBhi
Columbia, Canada (Fig. 2).

Fig. 1.Right valve ofGonidea
angulag. Specimen from the upper
Sacramento River, California.
(Photo: Stephanie @ik)

The distributions of alvestern USA mussel species were
recently assessed both in California (Howetrdl, 2015) and

& A ol SR A / -

- 3

Fig. 2. Range ofGonidea angulat in the USAand Canada.
Light-blue shading (upper left) is its range in the Chehalis River
drainage. Map modified from Moakt al, unpublished.
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River. (Photo: Roger Taber)

throughout their historic ranges (Bleviesal, 2017). All

were found to have suffered significant range reductions.
Blevinset al (2017) found that the raagfG. angulatahad
declined by 43%, the most among all western USA unionids.
Howardet al.(2015) reported that the best populations of this
species were found in the Pit River system in northern
California. But even her&. angulatais not safe, as thermave
been declines and extinctions of other freshwater molluscs in
this river and in adjacent river systems wh@reangulata

occurs (Johannes & Clark, 2016).

An unusual aspect of the distribution@bnidea angulatds its
occurrence in the Chehalisver, Washington State, and

striking divergence here genetically from all other populations,
based on microsatellite markers (Figs. 2, 4; Metcil, 2022).
Possibly it meets the two criteria of a distinct population
segment (DPS) to be considered an eiaary significant unit
(ESU) because: (1) has beesubstantially reproductively
isolated;and (2) 1 represents an important component in the
evolutionary legacy of this specidsis unfortunate thahe

ESA as amended in 1978nly extendshe prdection of DPS
recognigd as an ESU to vertebrates and has so far only applied
this to Pacific occurring salmonids.

The Chehaliss one of several rivers in which recent large
scale dieoffs of this species have been observed (Blegins
al., 2020). Botthumancaused pollutants and climate change
increasing water temperatures have been cited as possible
causes for the dieffs in the Chehalis RiveBlevinset al,
2020).An additional threat to the speci®ntamopyrgus
antipodarum(Gray, 1843) (New Zeata mudsnail), was
foundto be introduceéh the Chehalis in 2013 (Johannes,
2013).

Gonidea angulatds generally an inhabitant of large rivers and
except for the Chehalis River is not found in coastal river
drainages of Washington, Oregon or Califor(fiay. 2). It co
occurs in the Chehalis witluga plicifera(Lea, 1838), a snalil
that is also an inhabitant of large rivers and that has a very
limited distribution in the lower portion of the adjacent
Columbia River drainage (Fig)B ot h s p e dreams 0

preference preclude their occurrence in the Chetwliave
beenas a result of small stream capture.

The Chehalis River system is also unusual in that it has at least
twice the number of fish species (many of them found in the
adjacent Columbia Réer) compared to other coastal rivers
(McPhail & Lindsey, 1986). It is an underfit rivex (iver that

is too small to have eroded the valley in which it flowss a
rather large estuary; its basin is sizable when compared to
other coastal drainages (sad biggest river basin in

Washington State); and it has a rather broad low divide near its
headwaters with the adjacent Columbia River drainage ZJig

The Columbia River may formerly have flowed through th
Chehaligdrainage, which would explain tlgeography and
biogeography of this river system. Outcrops of Columbia
River Flood Basalts found in this drainage also support this
supposition and indicate a Miocene timing for a former
Columbia River channel (Riedel & Tolan, 201Bdssil
records for botls. angulataandJ. pliciferasupport
occurrences ithis region during this time (Weaver, 1942;
Taylor, 1952, 1985).

On 27 July 2021, USFWS determined that the Xerces Society
petition for the western ridged mussel presented substantial
scientific or commercial information indicating that the
petitioned actions may be warranted. As a result, the USFWS
initiated a status review of this species to determine whether
the action is warranted under the Act (USFWS, 2021).
However, the USFWS record of listing mblluscs of the
western USA, and invertebrates in general under the ESA is
abysmal and does not bode well for this species. Currently,
only four (formerly six; Johannes, 2019) of the 103 listed
mollusc species under ESA protection are found in the range
of G. angulata A petition to list 32 terrestrial and freshwater
molluscs (none were unionids) was filed by @enter for
Biological Diversity (CBD), Portland, Oregd@urry et al,

2008). This petition was later reduced by CBD to 29 molluscs
(USFWS, 2011Johannes, 2013). In one fell swoop, USFWS
rejected listing all of the 14 freshwater snails on this petition
(USFWS, 2012). Currently, USFWS is working on the
remainder of species on this petition, all terrestrial molluscs,
and has already rejected theitigtof one of them (Johannes,
2020; USFWS, 2020).

| thank Stephanie Clark (Invertebrate Identification
Australasia, Faulconbridge, Australia) and Roger Taber
(USFWS, Lacey, Washington) for the photos used in this
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article. I also thank Karen Mock (Utah &dJniversity,
Logan, Utah) for allowing the use of figures from her
unpublished manuscript.
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ON THE LAND AND FRESHWATER
MOLLUSCA OF PRAYAGRAJ AND
ADJACENT AREAS OF UTTAR
PRADESH, INDIA

By Sheikh Sajan, Sandeep Kushwaha & Basudev Tripathy

The River Ganga is among the most holy and largest rivers in
India, flowing from Goumukh glacier in Uttarakhand to the
Bay of Bengal at Ganga Sagar in West Bengal, covering 2,500
km and drainig ~26% of the landmass of the country. The
Ganga was also considered among the most polluted rivers of
India, largely because of uninterrupted discharge of untreated
domestic sewage and industrial pollutants into the river.
However, with the interventionf the Government of India,
through the National Mission for a Clean Ganga, there have
been recent attempts to clean the Ganga and provide better
habitat for the biodiversity that depends on this aquatic
ecosystem.

The Prayagraj (erstwhile Allahabad) distrlies in the
southern part of the state of Uttar Prad@sh. 1) It has an
area of 5,246 kin(24°4™ and 25°4W, 81°19§ and
82°21), lying on the fringe of the River Ganga and
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Fig 1. Map of Prayagraj (Allahabad) and adjacent areas of U
Pradesh, India.
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Fig 2. Sampling sites. A, B YamunaGhats. C, H Allahabad
Fort. D, E- Sam Higginbottom Institute of Agriculture,
Technology and Sciences campus.Nfinto Park. G- Triveni
Sangam.

extending through part of the Gangetic plain and adjoitfing
Vindhyan plateau of India (Rodgees al, 2000). It is
surrounded by Bhadohi and Mirzapur districts in the east,
Kaushambi and Banda in the west, Pratapgarh and Jaunpur in
the north and Banda, bordering MadHyradesh, in the south
The major rivers Ganga ancauna and their tributaries the
Tons and Sai flow through the district. The climate of the area
is characterised by a long and hot summer and a fairly good
period of rainfall during the monsoon, with ~975 mm during
July and August. The area supports foretth the major
vegetation including erminalia arjunaT. chebulaButea
monosprmaZiziphus nummularigZ. globerrima Emblica
officinalis, Holoptelea inegrifolia Madhuca indicaSalmalia
malabaricg Boswellia serrataAcacia catechpetc., and
providesgood habitats for nemarine molluscs.

We adopted a visual search method for collections of non
marine molluscs from various parts of the Prayagraj district
and adjacent areas (Fig. 2). During the survey, all possible
macra and microhabitats along thariks of the Ganga and
Yamuna rivers were thoroughly investigated (Fig. 3). Voucher
specimens were collected and brought to the laboratory either
in wet or dry condition for identification. The living animals
were collected and preserved in 70% ethandtérfield. Land
shails were identified based on the keys of Métral.(2005),

Fig 3. A - Laevicaulis alte(Férussac, 1822), BMacrochlamys
indica Godwin-Austen, 1908, C Tarebia lireata(Gray, 1828),
D - Physella acutgDraparnaud, 1805),-H - Training and field
survey.

while freshwater molluscs were identified using the keys of
Preston (1915), Subba Rao (1989) and Ramakrishna & Dey
(2007). Classification of tax@llowed WoRMSandthelUCN
Red List

Land and freshwater gastropods and bivalves were collected
from forest floors along the Ganga and Yamuna rivers and
from the Sam Higginbottom Institute Africulture,

Allahabad, during field visits. In total, 35 species were
identified from the collections, of which 10 are land snails and
25 are freshwater gastropods and bivalves (Table 1). The
highest land snail species diversities were recorded at the Sa
Higginbottom Institute of Agriculture campus (10) and the
Botanical Survey of India campus (8)acrochlamys indica
Lissachatina fulicaandLaevicaulis altevere the most

common land snails. In freshwater, 17 gastropod and 8 bivalve
species were recordefrom the Yamuna Ghats, Triveni
Sangam and other lentic waterbodies as well as waterbodies
on the Sam Higginbottom Institute of Agriculture campus.
Among the gastropodsjlopaludina bengalensjsdiopoma
dissimilis Mieniplotia scabraMelanoides tuberdata,

Tarebia graniferaBrotia costula Radix rufescensGyraulus
convexiusculuandindoplanorbis exustusere common all
along the banks of the Yamuna and Ganga. Among the
bivalves,Lamellidens marginalisParreysia corrugata
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Table 1.Land and freshwater Mollusca from different ganft
Prayagraj and adjacent areas.

GASTROPODA (land)
Ariophantidae

Ariophanta interrupta (Benson, 1834)
Euplecta baconi (Benson, 1850)
Macrochlamys indica Godwin-Austen, 1908
Macrochlamys lubrica (Benson, 1852)
Lissachatina fulica (Férussac, 1821)
Allopeas gracile (Hutton, 1834)

Zootecus insularis (Ehrenberg, 1831)
Succinea indica Pfeiffer, 1849

Quickia bensoni (Pfeiffer, 1849)
Laevicaulis alte (Ferussac, 1822)

Achatinidae

Succineidae

Veronicellidae
GASTROPODA (freshwater)

Viviparidae Filopaludina bengalensis (Lamarck, 1822)
Idiopoma dissimilis (Muller, 1774)

Ampullariidae Pila globosa (Swainson, 1822)

Bithyniidae Bithynia cerameopoma (Benson, 1830)
Bithynia pulchella (Benson, 1836)
Gabbia orcula Frauenfeld, 1862

Thiaridae Mieniplotia scabra (Miller, 1774)

Melanoides tuberculata (Muller, 1774)
Tarebia granifera (Lamarck, 1816)
Tarebia lineata (Gray, 1828)

Pachychilidae Brotia costula (Rafinesque, 1833)

Paludomidae Paludomus blanfordiana Nevill, 1877
Lymnaeidae Radix rufescens (Gray, 1822)
Lymnaea luteola Lamarck, 1822
Physidae Physella acuta (Draparnaud, 1805)
Planorbidae Gyraulus convexiusculus (Hutton, 1849)
Bulinidae Indoplanorbis exustus (Deshayes, 1834)
BIVALVIA
Unionidae Lamellidens marginalis (Lamarck, 1819)
Parreysia corrugata (Mdller, 1774)
Parreysia favidens (Benson, 1862)
Parreysia occata (Lea, 1860)
Parreysia shurtleffiana (Lea, 1856)
Cyrenidae Corbicula striatella Deshayes, 1854
Sphaeriidae Pisidium clarkeanum G. & H. Nevill, 1871

Sphaerium indicum Deshayes, 1854

Parreysia favidengCorbicula striatellaandSphaerium
indicumwere commonLaevicaulisalte andAllopeas gracile
which are considered agricultural and horticultural pests
(Maheshiniet al, 2019), were recorded for the first time in the
state. The worst invasive speciessachatina fulica was also
recorded from various sites (Sajanal, 2018).

The ecological degradation of the Gangetic Plains of India is
saddening. Mani (1974) noted, long before the biogeographical
classification of India currently followed (RodgersR&anwar,

1988), that the characteristics of the fauna today hardly give any
clue to its pattern of diversity and distribution just 5,000 years
ago. Biogeographically the Plain is now distinguished entirely

by negative characters. Either no species becaffexedtiated

on the Plains or all have now been eliminated, as there is a most
striking poverty of endemic species.

In India, 1,140 terrestrial molluscs and 218 freshwater molluscs
have been described (Sagtral, 2021). The state of Uttar
Pradesh has 47 recorded species (3 terrestrial, 44 freshwater),
which represent 1families and 27 genera (Hegde &
Venkatraman, 2014). During the present opportunistic survey,
35 species (10 terrestrial and 25 freshwater forms) belonging to
17 families and 30 genera from the district of Prayagraj and
adjoining districts were recordeddfile 1).

The inland and coastal wetlands of eastern India constitute the
Gangetic Plains biogeographic region, one of the key global
freshwater biodiversity hotspots. Several species of fauna and
flora, including threatened and endemic species are tesric

to this region. The wetlands of this region provide multiple
provisioning and regulatory ecosystem services and support
the livelihoods of millions of people directly and indirectly.
This fertile biogeographic region is also the bread basket of
India with intensive agriculture and high human population
density. The life, social, cultural, spiritual and economic
security of the region is inseparably linked to the health of
wetland ecosystems of the region. The region also faces the
brunt of rapid urbanagion, industrialisation, pollution and
colonisation by invasive alien species, which lead to habitat
degradation and loss of wetlands. Conservation and
sustainable use of wetlands through participation by multiple
stakeholders, including government agesgcivoluntary
organisations and the general public is essential for
safeguarding the ecosystem health of the wetlands.

The main conservation issue for terrestrial and freshwater
molluscs is habitat fragmentation due to urbanisation and
conversion of foregdand into agricultural land. Moreover, the
use of chemicals and pesticides, the introduction and spread of
alien invasive species are also major causes of native species
declines. In freshwater, urban sewage discharge and other
kinds of river pollution ee major issues for the mollusc fauna.
During the present opportunistic survey field visits, rampant
construction work that sometimes caused filling in of small
pools and other aquatic habitats, contamination of the rivers
with urban sewage and expansidrihoman habitation were
observed. These activities might directly or indirectly impact
the molluscan diversity of the region.
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Partula conservation programme update
By Paul PearceKelly

By chance | recently found a copy of tery first issue of
Tentacle(way back in 1989which included the first of a
longline of updates on thieartula conservation efforts.
Coincidentally 1989 also saw the first internatioRattula
studbook and its heartening that alnst all the taxa listed in
that first conservation breeding inventory are still in the
breeding programme and enabling the species reintroduction
phase of the programme to be realifeid. 1).

As in the lasfTentacleupdate COVID-19 loomed large as a
major impediment to reintroductionshich for a second year
running had to be suspendadd the hope is that they will be
reaumed in the latter half of 202thder the auspices of the
French
(Diren)i the Department othe Environment. Being able to
resume reintroductions will hopefully increase the likelihood of
realising successfully established populations, especially for the
Extinct in the Wildstatus species. This objective is still a
formidable challenge and highlights the importance of
continuing reintroduction and monitoring efforts. Successes and
failures will hopefully inform (and be informed by) the wider
mollusc conservatio ef f orts and chall
2019' U r,&&uwal and Cultural Heritage Seminar (see
Brocherieux & Cowie, 2020, ifentacle?8).

Meanwhile, the conservation breeding programme continues
to manage the ex situ poputats which currently total 15

taxa. AlthoughCOVID was again a constraining factor in

fully progressing the establishment of planned new
participating institutions, populations wereastablished at
Dusseldorf Zoo and a new participating collection was
edablished at Wild Discovery (UK). The 20ELropean
Endangered Species Program{l@&P)inventory is in the

final stages of production and good cryopreagon progress
has been reaksl in agreeing optimal procedures for

Pol yneshiane cGo voenr ndnee nl t6ée

enge-s

Fig. 1. From top:Partula variareintroduction on Huahind.
tohiveanadispersing into Afareaito Valley, Mooregintroduced
P. roseaon Huahine; reintroduce@. suturalison Moorea.
(Photos: P. Peardgelley)

submitting population samples inttee Biobank, an initiative
of theEuropean Association of Zoos and AquarilBaZzA),
which manages the EEP

As with any succesful conservation effort, thers no

guestion that the most vital factor is the collective endeavour
of the pr og rcalabonaodskey iddividuels s e
listed below In this regard th@artulaprogramme is indeed
most fortunate.

Key collaboratorsSam Aberdeen, Christophe Brocherieux, Ross
own, Mark Bush Hﬁf I‘% zzard, Dave Clarke, Maartje de Vries,
Ldi 'D?pié;rﬁ, ﬁ&%l gG l#n Frei, Gerardo Garcia, Justin

Gerlach, Sandra Honigs, Bob Merz, Bobbi Miller, Pete Mohan, Sarah

Robinson, Claude Serra, Jamie Sincage, Ed Spevak, Christoph
Schwitzer, Janos Szanthdiri Tatarata,Scott Wilson &Tim
Woodfine

Brocherieux, C& Cowie, R.H. 2020. U r ,edtuval and cultural
heritage: report of a seminar on land snail conservation, August
2019, Tahiti.Tentacle28: 36-39.

d‘nfnilnrr“i_hin Di renAcg
8l AZL (. @9 WUCN

Partula field conservation sUpport insUTUTIONS

EPFA (CHESTER
fa] \
A\ 700

akrin 5
zoo ARIID

e

A, SR
P O e 3 ot ouis Zoo SRS RS ZsL|seraeses

Paul Pearc&elly, InternationalPartula congrvation breeding
programme coordinator Zool ogi cal Socisety
Park, London NW1 4RYUK. ppk@zsl.org
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Hawaiian land snail conservation updates

By Kenneth A. Hayes, Bonnie Derne, Chandra Earl, Jan
Kealoha& Norine W. Yeung

From the earlist days of human contact, Hawaiian land snails
have been on the decline, with extinction rates increasing
dramatically in the last century (Régnetral, 2015). This
highly endemic faunance numbering more than 750 species
has now been reduced to fevilean 300 (Yeung & Hayes,
2018). Of the remaining species, at least one third are
critically endangered and anticipated to go extinct within a
decade without immediate and effective intervention.

Effective conservation requires clear objectives aimed at
preserving genetic d@ersity, evolutionary potentiand
ecological functions predicated on a thorough understanding
of the ecosystems and taxa targeted (Mitadl, 2020).
Unfortunately, our knowledge of biodiversity remains largely
incomplete, hampearg our ability to answer questions critical
for developing effective conservation plans. Although great
efforts have been made to conserve some members of the
Achatinellidae in Hawaii since they were first listed under the
United States Endangered Spedesin 1981 (USFWS,

1981), there remain large gaps in the knowledge and
understanding necessary to effectively conserve Hawaiian
land snails and the ecosysteom which they and all of
Hawaii s i mperil ed

Our team of researchers, conaioniss, resource managers,
cultural practitioners and volunteers hasrked collaboratively
over the last decade to prevent immediate extinction of dozens
of endemic land snails and to understand multiple dimensions of
Hawaiian land snail biodiversityeeded to develop

scientifically based and effective strategies for conservation and
restoration. Such strategies must be based on complete and
accurate identification and distribut®af all taxa, along with a
broader understanding of the patterns andgsses that govern
ecosystem dynamics. Here we provide a collective update to
some of these efforts and offer additional suggestions for
expanding such activities in the future. This is by no means a
comprehensive list of activities and actions being taken on
behalf of land snail conservation but is a sampling of the work
with whichwe are involved and most familiar.

Bishop Museumcaptive reaing

Since the early 1980 to slow the extinction of the Hawaiian

land snail fauna, several species havenlaced in captive
rearing facilities as a stopgap measure to safeghamfrom
extinction. This was done in hopes ofinéroducing

individuals back into protected areas that canagust

populations. In 1981, thedbutree ails (Achatinellaspp.)

were federally listed as endangered under the U.S. Endangered
Species Act and several other achatinellines have been added
to that list in subsequent years (USFWS, 2013).
Representatives of all extant listed species have been placed in
captive rearing facilies supported by the U.S. Fish and

Wildlife Service (USFWS), first at the University of Hawaii

and more recently as part of the Hawaii Department of Land
and Natural Resources (DLNR) Snail Extinction Prevention
Program (SEPREee this issue dfentacle page44).

Museun
programme. This is one of three species previously extinct in
the wild until reintroduced into predatproof exclosures.

Fig. 1. Amastra cylindricd n Bi s hop

bi odi ver si Atgboytthgsgme time thatthe USFWS was listing and

ramping up their captive rearing efforts fschatinellaspecies

at the University of lwaii, Dr. Daniel Chung recogmid that

the federal snail conservation initiats/fBocused only on a

single genus, representing less thand%ative Hawaiian

land snail species. In the absence of federal recognition, the
other 94% of Hawaiian land snails, including members of the
entirely endemic family Amastridae continued to rapidl
disappear, so he began manning what has become known as
fconservation |ifeboatso. He
Amastridae species (Fig. 1) at his home and continued adding
additional species from other families before relocating these
activities tothe Bernice Pauahi Bishop Museum (BPBM) in
2007. In the more than 40 years since Chung started these
snail rearing effortshe has been working to optiraisaptive
rearing techniques and record life history data across a
diversity of species, while alsmaining a small band of
dedicated volunteers. Currentlythe BPBM 11 volunteers,

and a minimal paftime staff partially supported by the SEPP
progranme, now care for more than 11,400 snail®4

spedes representing five families.

Over the last thregears, individual®f threeAmastraspecies
believed to be extinct in the wild and only existing in the

BPBM captive rearing facility were given to the SEPP captive
rearing facility to provide additional security for the species.
One of the species wasalgiven to the Honolulu Zoo to
increase the number of captive populations existing in separate
locations. All institutions have been successful in rearing these
three species to the extent that over 6,000 individuals have
been offloaded from their conseation lifeboatdnto
predatorproof exclosuresi the mountains of Oahu. In 2021,

in recognition of the strong mulitnstitutional captive rearing
partnership between BPBM, SEPP and the Honolulu Zoo,
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USFWS supported this conservation effort by providindfs
to upgrade and expand captive rearing facilities to increase
taxonomic scope and space capacity. In addition to these
facility improvements, BPBM and the Honolulu Zoo will be
developing outreach exhibits and displays to educate the
public about captie rearing efforts and Hawaiian land snail
conservation.

Disease=cology of Hawaiian land snails: a missing piece of
the conservation puzzle

Captive rearing has been a mainstay of Hawaiian land snalil
conservation for more than four decades. Howevehisn t

time there has been little research into the suite of associated
symbionts that have substantial potential to negatively and
positively influence conservation outcomes. The species we
seek to conserve do not exist independently of other species
(Zook,2001; Stampaet al, 2010). Emlangered fauna
undoubtedly hosa diversity of symbionts, including vires,
bacteria, fungi, protozoamsd metazoans (Dimijian, 2000).
Unsurprisingly, symbionts have important implications for
host fitness, whether they areitualistic gut bacteria

performing essential digestive roles (Cardesal, 2012),
parasitic helminths with a stlbthal fithess cost (Morand,
1993)or pathogens causing widespread mortality in a
population (De Vicaet al, 2017; Cunningham & Daszak

1998). Symbioses also have important implications for how
ecosystems may respond to anthropogenic changes (Hom &
Penn, 2021) and hesymbiont relationships may vary with

host and environmental factors. For example, previously
beneficial or commensal symisies may exert fithess costs
when the host is stressed (Morand, 1993). This often complex
interplay between hosts, symbionts and the environment
underlying disease ecology outcomes (including infection) can
be conceptually modeled as the epidemiologicadifror
disease triangle (Fig. 2).

e.g. stress, immunity, behaviour,

genetic susceptibility

HOST

DISEASE
EQOLOGY

SYMBIONTS

e.g. virulence, genotype,
survival, transmission

ENVIRONMENT

e.g. bioticinteractions,
environmental transmission
pathways, climate, resource
availability

Fig. 2. Disease ecolgy triad illustrating the combination of
interacting host, symbiont and environmental factors that
influence outcomes. Adapted from Stevens (1960).

Species targeted for conservation generally faogréad of
threats and stressorst only from the cause(s) of their
decline, but alsbecause ofhopefully) beneficial
conservation interventions such as captive ngaaind
translocations (Northoveat al, 2018). Captivity for example,

represents a marked change in the set of environmental
conditions influencing disease outcomes (Fig. 2).
Understanding hostymbiont relationships provides the first
steptowards manageent that optimiss host fitnes, reduces
disease mortalities and where approprsatees symbionts
from co-extinction. Our ability to understand these
relationships are, however, severely hampered by a lack of
knowledge of symbiont diversity, biology ardology.
Molecular tools such as DNBarcoding hold great promise in
helping us fill some of these knowledge gaps, such as the
identification of symbionts within their hosts, their prevalence
and broader ecology (Gupgaal, 2020).

Beyond a few studieisvestigating select achatinellines,

we know relatively little about the biology and broader
ecology of most Hawaiian land snails (Yeung & Hayes,
2018), and our knowledge concerning gastropod symbionts
in Hawaii is limited to introduced parasites oftytie health
significance (Kimet al, 2014). To address this gap in our
knowledge and better characterize the symbionts of
endangered Hawaiian land snails, a collaborative project
bet ween Hawaii s SEPP and t
Malacology Research Center aRdcific Center for

Molecular Biodiversity is being funded throughUSFWS
State Competitive Wildlife Grant. A primary objective is to
identify any potential parasites and pathogens that may be
negatively impacting captively reared populations. These
datawill also allow the characterization of symbionts in both
wild and captive populations to better understand the
environmental factors necessary for long term survival. The
project will also yield general insights into the gut
microbiome and symbionts of @mray of Hawaiian land
snails, and local invasive gastropods. These data will be used
to develop screening tools and improved disease risk
mitigation actions for conservation. Using the extensive
preserved Hawaiian land snail wet tissue collection at the
BPBM offers the opportunity to explore how symbiont
communities vary over temporal and spatial scales in concert
with the profound environmental changes and widespread
extinction for this endemic gastropod fauna. The improved
understanding of Hawaiian larsthail symbioses will provide

a stronger foundation from which to build effective
conservation strategies.

Biodiversity informatics and digitisation for Pacific Island
Land Snail (PILS) conservation

Biodiversity data follow a life cycle, alternating bet@n two
major stagesl) data collection and management &)data
analysis and synthesis. To perform novel scientific discovery,
data at both stages must be correct, complete and publicly
available (Michener & Jones, 2012). Unfortunately, much
biodiversty data associated with Pacific Island Land Snails
(PILS), such as species names, rargyas associate

collection information remainnavailable, scattered and
incomplete, severely limiting the development of knowledge
needed for conservation efforts.dddition, many studies
involving analyses of data from PILS lack proper data
management and preservatior.(properly vouchered
specimen and associated collection information) leading to
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unverifiable results derived from often inaccurate species
identifications, further limiting extended research potential.

To increase data discovery and preservation and scientific
rigour and transparency, the BPBM Malacology Center is
leading a collaborative effovtith five major institutions,
supported by the Natioh&cience Foundation, to mob#isnd
clean the valuable digital PILS resouréeisuse by

researchers, orgamigons, consrvationists, resource
managersnd citizen s@ntists. Efforts include digitiion of
previously unavailable collection events, giveg of primary

type specimens, geeferencing for spatial mobiésion of the

data, and scanning and linking associated literature (field
notebooks, maps, ledgers, etc.) to their related specimens (Fig.
3). The project is now in the third of four yearslas a little

over halfway complete. All available data have been converted
to Darwin Coreformat and major fields such as taxonomy and
geography are in thprocess of becoming standaedisand
updated for ease of ayals and exploration of the data.
Specimen images and literature scans are uploaded and linked
as data become available. Datapublicly available online

via the Pacific Island Land Snail Biodiversity Repository
(PILSBRY) portal under FAIR principles and will be ingested
into iDigBio as the major source of PILS data.

6 institutions
256,917 lots
3,128,117 specimens = mtiez

MusEUM OF CoMPARATIVE Z00LOGY

Fig. 3. PILSBRYy portal developed to share all Pacific Island la
snail data from at least six U.S. instituns.

Aggregating and mobsing all PILS data increases its

visibility and valuefor askng and answeng questions about
largescale evolutionary processes, which are critical given the
rapid rate of land snail extinction (Nelson & EJ#018).

Potential research emphases include assessing phylogenetic
diversity for conservation, geospatial analyses using specimen
locality data,and advances in ecological niche and species
distribution modding. Pacific Island Land Snail research can
finally move into the big data science era, opening multiple
pathways for researchers to make positive contributions to our
understanding of, respses to and mitigation of the imminent
extinction of these species.
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Hawaii Snail Extinction Prevention Program
(SEPP)

By David R. Sischo

The Snail Extinction Prevention Program (SEPP) is a
partnership reogery effort hosted by the Hawaii Department

of Land and Natural Resources. Aimed at preventing the mass
extinction of land snails in the Hawaiian Islan&EPRvorks

with a diverse array of partners and land holders across the
state to directly manage shpopulations and to facilitate
research and conservation. SEPP has a fully staffed captive
rearing facility onthe island ofOahuand field biologists on

Oahu and Maui. The following is a brief update on notéiwor
captive rearing and reintaction effots.

SEPP captive rearing update

The SEPP lab currently maintains 60 distinct populations of
rare and endangered land snails representing 38 species from
five islands. Most of these populations no longer have wild
counterparts and exist solely in capiiEig. 1). SEPP has

faced significant logistical challengbscause othe ongoing
COVID-19 pandemic. However, despite it all the show must
go on at the SEPP lab as the existence of species depends on
it. Throughout the year staff have diligently donn&ERnd
worked in shifts, keeping each other safe while caring for the
snalils.

SEPP was awarded funds from th&Urish and Wildlife
Servie and the State of Hawaii to relocate and expand its
captive rearing facility. After several years of planning,
ground will be broken in February 2022. The new facility will

be located at the Waimano State Complex in Pearl City, Oahu.

The new building will be double the size of the current space,
increasing the capacity for rearing snails and conducting
critical researi.

Multi -institution captive rearing collective

In recent years SEPP has partnered with the Malacology
Department at the Bernice Pauahi Bishop Museum, which has
maintained critical snail populations in captivity for many
years(see previous articlpage 4}, and the Honolulu Zoo,
which has recently partnered and has started rearing snails. In
2021, the three institutionsgether released ovej0D0 snails

Fig. 1. Achatinella lilamaintained in the SEPP lahchatinella

lila is a tree snail endemic to the Northern Koolau Mountains of
Oahu. There are only two poplationsAoflila known and both

are extinct in the wild and now only persist inside $fEPP lab.

into protected areas @dahu and Maui. Snail species released
includeAmastra goniopsAmastra intermedigAmastra
micans(Fig. 2), Amastra spirizonalLeptachatina vitreola
Cookeconcha hystricell&chatinella concavospirand
Achatinella mustelina

The initial success of this partnership effort has gained
momentum. In 202the captive rearing collective was
awarded a Competitive State Wildlife Grant from th&.U

Fish and Wildlife Service to expand rearing efforts at all three
institutions. Currently, there are over 60 populations of rare
and endangered snails with no wiltbaterparts. Furthermore,
most of these species exist solely at one single facility. The

Fig. 2. Amastra micanseleased on Oahu into habitat protectet
by a predateproof fence Amastra micanss thought to have
gone extict in the wild over 20 years ago. Thanks to Bishop
Museum Malacology staff and affiliated researchers, thisepec
was brought back from the brink of extinction and is now
maintained at the Bishop Museum and the SEPP lab, and has
been released back into the wild. This is an example of how a
partnership approach combining captive rearing and
reintroduction can quidk stabilise species on the brink.
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impetusfor the project is to prioritss and split vulnerable
populations between the three facilities to lower the risk of
extinction by increasing both populatiordemdarry and the
capacity to generate individuals for release into the wild.
Funds will go towards egpment, facility modificationsnd
staffing. As a bonus, both the Honolulu Zoo and the Bishop
Museum will have public facing exhibits allowing visitors to
see these beautiful animals and to interact with keepers and
lab staff.

Snail feeding ecology research

Hawaiian tree snails feed on biofilm composed of fungus,
bacteria, algae, etc. on leaf surfaces. While ground dwelling
shails typically eat dead anécaying leaves of native plants.

To feed captive snails, native vegetation is brought into the lab
on a weekly basis, and a single species of tree fungus
(Cladosporiunsp.) is cultivated on potato dextrose agar.
Unfortunately, native forests are in deeliacross the islands,
and the number of snails in captivity requires large quantities
of leaves. Additionally, we suspect pathogens are occasionally
introduced to the lab via the wiltbllected vegetation. There

is an urgent need to reduce or eliminatedbllection of

native vegetation, to both prevent harm to native forests and to
prevent the introduction of harmful pathogens and parasites to
the lab populations. To tackle this problem, we have initiated a
series of studies to better understand feedaoajogy, with the

aim of improving snail diets and reducing the reliance on
wild-collected native vegetation.

An initial study looking at the impact on egg production of
Auriculella diaphanded a diet consisting of native vegetation
only, native vegeté&in and cultivated fungus, and cultivated
fungus only was conducted in the SEPP lab with research
partners from the University of Hawaii (Strousteal, 2021).
Snails fed a diet of native vegetation and fungus
overwhelmingly produced more eggs than srfailson native
vegetation alone or fungus alone. Furthermore, snails fed on
vegetation alone laid more eggs than snails fed on fungus
alone. These results suggest that the diversity of the biofilm
(as found on native vegetation) and bulk (as provideddy th
cultivatedCladosporiunsp.) may be important factors for
captive snail diets. Snails maintained on fungus alone were
observed to spend more tiraestivating than snails in other

treatments, a possible stress response to a starker environment

This may ndicate that the ambient environment created by
vegetation encourages normal behawi@nd reproduction.
Similar studies will be conducted looking at other substrates,
native versus nenative vegetation, as well as snails fed on
other types of manufactuteand or cultivated food items.

In 2021 the SEPP lab conducted feeding trials usmgstra
intermedia a grounedwelling snail that feeds on dead and
decaying native plants. The objective of this study was to
understand the wild diet of growutivelling snails in the
Hawaiian endemic family Amastridae so that captliets can
be further optimied.

Here we used a buffet style experiment in a feeding arena
(Fig. 3). Dead leaves of native plant species, cultured fungus
(Cladosporiunsp.) on potato dextrossar, as well as plain
potato dextrose agawereoffered to the snails. Cohorts of

Fig. 3. Experimental setup showing feeding arena. The monitc
shows food items in standardised portions.

shails were videotaped for five -2ur trials, each with five
different snails, marked to keep track of individual snail
movements. We quantified the number of visitd &e time

spent on each food type. Results showed that snails interacted
with all food items offered, indicating foraging behawio
however snails overwhelmingly spent the most time on native
plants in the nettle family (Urticaceae), includipipturus
albidusandUrera glabra.A nutrient analysis of all leaf types
offered showed that nettles have higher calcium contents than
all other leaves tested. This may be one reason why snails
preferentially selected nettles to eat. Further studies will
attempt 0 replicate the nutrient profile of preferred leaves
using ingredients available commercially to create and rest a
artificial food for grounddwelling snaib.

Predator-proof fencing

To maintain snails on the landscapeedatofproof fencing
(Fig. 4)is used to protect populations with barriers that keep
out all known invasive predators.

¥

X S

Fig. 4. A recently completed predatproof fence on Oahu.
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Currently, SEPP and multiple partners across the state,
including the Army Natural Resources Program and Pulama
Lanai, have constructed 11 predgpooof fence units@oss
theislands, with two morender construction on Maand

two in the quaeon Oahu. Collectively these predatmoof
fences are protecting ovemspecies of rare and endangered
snails. It is estimated that over the next decade at least 50
small fence units will be needed to conserve the diversity that
is being lost amss the archipelago. To optimise fence
placemety SEPP is working with researchers at the University
of Hawaii to model potential snail range reductions due to
climate change. With th information, areas that will be
suitable for sail survival are being priorited for protection.

Many thanks to our ctdborators and fuding partners at the
U.S. Fish and Wildlife Service, the Hawaii Department of
Land and Natural Resources, Bernice Pauahi Bishop
Museum, he University of Hawaii, the Army Natural
Resources Program, Pulama Lasad Puukukui Watershed
Partnership.

Strouse, E., Price, M.R. & Sischo, DZR21. Dietary effects on
fitness in captiveeared Hawaiian tree snaiReerJ9: e11789

David SischpDepartment of Land and Natural Resourdésnolulu,
Hawaii, USA david.r.sischo@hawaii.gov
dinr.hawaii.gov/ecosystems/sepp

MARINE MATTERS

Field and GIS validation of oyster stocks andhe reef
ecosytem of Hab River Delta, Balochistan, Pakistan:
a conservation approach

By Sadar Aslam, Ghazala Siddiqui, Malik WajidGhan,
Jamil.H. Kazmi & Nuzhat Afsar

Natural calamitiegmajor adverse events resotifrom

natural process of theaEh) and human activities threaten the
productivity, diversity and survival of coastal resogreach

as oyster reefs, emphaaig the need to understand and
manage coastal zondsssessment of ayer reefs has shown
that 8591% have been lost worldwide and the remaining
natural oyster populations are in fragile condition and
declining to the level of extinctiofBecket al, 2011) The
basic aim and objective of the present study was to igathe
baseline data for oyster remrservation and restoration in
Pakistan by carrying out field surveys and usirgjobal
Information System (GIS) based approach to assist
conservationists and future restoration practitioners at
provincial, national and international leselThe main
objectves to fulfill the goals othisresearch were divided into
thefollowing threecommnents

1 Spatial assessmerf consevation metrics for oyster
reefrestoration using GIS techniquesetplore the
present status focused mef categoristion, universh
metrics, habitat suitability analysis, universal
environmental/ariablesyestoration goabased metrics,
condition indices, grain size composition, oyster -$atht

determination ang@resence oparasitegor theintertidal
oyster reefs of the Hab RivBelta in Pakistan.

9 Overall biodiversity assessmern intertidal oyster reefs
in the Hab River Delta over one year (seasonal data using
guadrat sampling for species richness and abundance;
relationships of other species with oysters and their reef
structue; detailed examination cbmmunity structure and
biocoenosisidentification of associated fauna and flora).

1 Pollution assessmenthrough heavy metals analysis to
investigate the metal concentrations of seawater,
sediments and oysters (two indigenoustey species
MagallanacuttackensisindM. bilineatg by applyng
different pollution indices; andnalysis and profiling of
volatile organic compounds (VOCSs), using the-&IS
technique to determirlevels oforganic pollutantg
hydrocarbons ithetwo oyster species (bioaccumdutat),
seawateand sediments

Because of environmental and anthropogenic fadRaisizan
only hasappropriateoyster reehabitatsfor M. bilineataand
M. cuttackensién the Hab River Delta, Balochistaand the
resultsfrom the above three components of the stindjcate
anurgent needor Marine Protected AresgMPAS) for oyster
reef conservatioin the Delta(Fig. 1).
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Fig. 1. Detailed map of the study area, the Hab RDelta.

Preliminary spatial assessment of oyster reeiis the Hab
River Delta indicates need forlMPA

Oyster reés in Pakistan are on the verge of extinction as a
consequence of environmental and anthropogenic factors.
Surveys of oyster reef habitat were conducted from March
2017 to Februar2018 in the Hab River Delta along the
Balochistan coast. Bombination of ield survey and
geographicalnformationsystem (G1$ based approaels(reef
categorigtion,universal metriceind habitat suitability
analysis) was adopted and universal environmental variables,
restoration goabased metrics, soundingondition indices,
grain size composition and oyster sfat wereassesseih
order toplan future oyster reef restoratiofficets. The reefs
were categorid into three main groupisdispersed, patch and
continuous (Fig2) i on the basis of fragmented spatial
geometryDispersed reefs were more numerous than
continuous and pataieefs The differencegh morphometric
measurements and density of oysters ameaffypes were
statistically nomsignificant. Habitat suitability analysis was
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difference among reef types (continuouspdrsed and patch).
A Fine sand ws thedominant substite(71%) followed bythe
silt/clay fraction (18%). The higher density and spat size were
recorded ithemonsoon (June to September) season.
Histological examinatiofoundno parasits; however

necrosis in some tissues and mortality was observed. This
study suggests that the present reefs are viable and have
potential for successful restoration and may be converted into
a sizeable ecological sanctuary (Aslanal, 2020a).

Biodiversity assessment on intertidal oyster reefis the
Hab River Delta, with 35 newspeciegecords for Pakistan,
indicates need for anMPA

This part ofthe study focusd on the biodiversity of sessile
and motile organisms using intertidal reefdvbfcuttackensis
andM. bilineatafor settlement space, feeding and/or refige
theHab River Delta. A one year (February 2017 to January
2018) field survey was carried out to investigate species
diversity and abundance on the reefs and surrounding area
Monthly samples were taken and the relative abundance of
macro organisms was obsetv®ysters were brought to the
laboratory for detailed examination of their shells for the
presence of other specidéistotal, 122 species were collected,
with 35 new records for Pakistan. The most abundant phylum
was Mollusca represented by 55 speclé oserall highest
biodiversity was recorded the premonsoorseason
decreasing ithemonsoon and poshonsoon seasons. April
was the month with higls¢enumber of species observed.
nearround natural peawasdiscovered in the edible oyster
Magallara bilineata(Aslamet al, 2019a).Haminoeacf.
fusca(gastropod)Amathia verticillata(bryozoan)
Pseudanuriddogoyawlenskyicollembolan) Fortuynia
longiseta(mite), Ceratonereisurmensigpolychaeteand
Peronia verruculatggastropodwererecordedor the first

time with detailed descripti@{Aslamet al, 2018, 2019b,c,d,
202M,c; Dayratet al, 202Q. This study provides baseline
information for the management and understandfrg.
cuttackensisndM. bilineatareefs and their biodiversiin
theHab River Delta. We recommend this placelbsignated
aMarine Protected Area (MPA) under the 2010 Aichi
Biodiversity Targets for the conservationtbé oyster reefs
and declare them assanctuary to preserve one of the most
important marine habitata Pakistan.

Pollution assessment of oyster reefas the Hab River Delta
revealed an urgent needor an MPA

Fig. 2. Reef Categories: A patch, Bi continuous, G dispersed.

Heavy metals are permanent pollutants that accumulate in the
undertaken witd Bent hi codelrermad nu M ng Agswesdf &uatic organisms. Bioaccumulation of these metals

software. The moderate, positive valueshefBathymetric in aquatic animals espially in filter feeders has been
Position Index (BPI) of the oyster reef indichtn area of considered a serious probleim.theHab River Deltathe two
high or open slope with séattom ¢2 to 6). The area of reef indigenous oysterd. cuttackensiandM. bilineatg are
location shows high to moderate values of rugo$ity fo subjectto heavy metal pollutiobecause offast growing

0.9), indicatinggood to intermadiate conditions; whereas the industries and urbargon in the arealhis is the first report
aspect analysis showed slope origatain the rortheast on heavy metal contamination in native oystertheHab
direction but mostly flat areaThe environmental and River Delta. The heavy metal pollution statushafoyster
restoration goabased metrics were fam@ble for oyster reefs ofthe Deltahas been assessed with respect to ten metals
growth and surwvial. The dispersed redfadthe lowest (Al, As, Cd, Cr, Cu, Fe, Hg, Pb, [dihd Zn) in seawar,
bathymetry points compared to patch and continuous reefs. sediments and oysters (soft tissues and shells). The results
The values ofthe condition indices reveatl non-significant showed that concentratisof heavy metals accumulatedh
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bilineatawerehigher than those iNl. cuttackensisThis could

be one of the reasons five small population size dfl.

bilineata at the study site. Tie weresignificant differences in
their profiles among sediments, seawater and in tissues and
shells ofthetwo oysterspecis. A previous study also compared
these metal concentrations with national and international
databaseby applying different pollution indices. Heavy metals
in all samples were above the local environmental quality
standards (NEQ®akistan)The figh level of metal pollution
indicatingalarming conditios in theDelta needs more coastal
managemerdttention(Aslamet al 2020d).

Oysters are one of the most promising bioindicators for
monitoring of chemical contaminants in the environment
because atheir habitat and filtefeeding properties. The
comparative analysis and profiling by GC-MS technique

of volatile organic compounds (VOCSs)timetwo oyster

species and the investigation of hydrocarbaorganic
pollutants in seawater and sediments revealed that the area is
heavilypolluted and there is a needdstablish alarine
Protected Area (MPAIn theDelta This report presents a
comparative study for several groups of organic compounds
identified in oysters as well as seawater and sediments.
Results are discussed in terms of availability of pollutants in
the environment, their uptake by oysters al astheir
biotransformation. Thpresence of PAHSs in the oysters puts a
new spotlight on the risk for human health from pollution of
the environment. This study proved also the usefulness of
oyster tissues as a bindicator for future research (Aslast

al., in press

The pesent study on oyster reefspasliminary research for
restoration was a part tife PhD research work by the first
author Sadar Aslam. The author is looking for a funding source
for the conservation and restoratiorRafkistad sative oysters.

If someone is interestegdlease contacGadar Aslam
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Red Listing can protectUK Overseas Territories
marine biodiversity

By Aoife Molloy & Julia Sigwart

A new project entitled ARed L
Territories marine biodfromer si
the Darwin Initiative, a UK government grant scheme within

the Department for Environment, Food and Rural Affairs. This
project will examine the potential threats of climate change to
marine molluscs from across Antarctic and Subantarctic UK
Overseaderritories (OTSs). It will encompass the impacts of
climate change, fisheries and other anthropogenic impacts, as
well as the mitigating effects of conservation measures such as
Marine Protected Areas (MPAS). We are looking at marine
molluscs found in thee target UK OTs: Falkland Islants
Malvinas, South Georgia and the South Sandwich Islands
(SGSSI), and the British Antarctic Territory (BAT), as well as
species having wider ranges throughout the Southern Ocean
and the coasts of South America. These usal will be

assessed for their extinction risk using the International Union
for Conservation of Nature (IUCN) Red List of Threatened
Species criteria (IUCN, 2012).
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Marine species remain dramatically undepresented in Red
List assessments: of ~138(0§pecies assessed to date, only
15% are marine species (mostly fish and seabirds). Only 596

assessed marine species occur in the Southern Ocean, and many

are animals with much wider ranges including whales, tuna and
seabirds (IUCN, 2021). Only 79 specigsnarine invertebrates

in the Southern Ocean have been assessed to date, with
molluscs representing 59 of tho3éis project is an opportunity

to use molluscs as an effective case study for conservation.

A lack of assessments may prevent stakeholdens fr
understanding which species are under threat, and also which
conservation measures are effective. In addition, robust
assessments of climate change vulnerability could direct
proposals for additional conservation priorities under
predicted climate chaegscenarios. These are universal
problems applicable globally, for all species. This new project
aims to start filling assessment gaps, for the Southern Ocean,
for climate change stressors and for marine invertebrates,
using marine molluscs in Antarctic@subantarctic UK OTs

as a case study. However, our results will be applicable to all
species in the Southern Ocean.

Red List assessments completed throughout this one year
project should improve global communication about the threats
faced by marine spiss. It will also provide a robust proxy
measure of the success of existing conservation measures by
comparing mollusc species with and without conservation

protection. We can compare the assessed extinction risk of those

that are found within the SGSSI MRnd Antarctic Treaty
regions, with other species in the region that mostly range
outside these protected areas. The humbers of species at
different risk levels (Least Concern, Near Tieead,
Vulnerable, Endangered Gritically Endangered) will be used
to inform policy for conservation in the UK OTs.

As a part of this project, we are offerindreetraining
workshopin collaboration with the IUCN Red List Unithis
offers training to anyone who would like to use Red List
assessments in their work. The workshop will take place from
5-8 April, 2022, at the British Antarctic Survey offices in
Cambridge, UKThe workshop is planned as an in person
event in CambridgeThis training will allow others, especially
those carrying out conservation projects in other UK OTs, to
gain knowledge of the Red List and develop skills in applying
Red List assessments to conservation efforts. Travel funding
to attend the workshop ivailable for those working in UK
OT areas. (Please email Aoife if you are interested.)
To attend the workshop, you can register at thedhnbve.
[UnfortunatelyTentaclewas published too lafer most
peoplereading thigo sign up forthe workshopi Editor]
IUCN. 2012.1UCN Red List Categories and Criteriglersion 3.1.
Second EditionGland, Switzerland and Cambridge, WK+ 32 p.
IUCN. 2021.The IUCN Red List of Threatened Speciéssion
2021:2. Accesse®8 October 2021.

Aoi fe Moll oy, Queends University

Belfast, UK.amolloyl6@qub.ac.uk

Julia Sigwat, Senckenberg Research Institute and Natural History
Museum, Frankfurt am MajrGermany.
julia.sigwart@senckenberg.de

RECENT PUBLICATIONS RELEVANT
TO MOLLUSC CONSERVATION

Journal of Threatened Taxa

All issues for 2@1 (volume 13), anthe firstthreefor 2022
(volume 14)of theJournal of Threatened Taxae available
ontline now. There are some articles about molluscs.

Freshwater Mollusk Biology and Conservation
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Freshwater Mollusk Biology and Conservatidormerly

Walkeranais the online journal of the~reshwater Mollusk
Conservation Sociefypased in North America. In 202t
publishedtwo issues: volume 24, numbes 1 and 2 eachwith

five papersAll issues are available dmeat t he |jourr
website with open access.

Volume 24 number 1

Christian, A.D., McMurray, S.E., McCanty, S.T., Dimino,&.
Harris, J.L 2021. Freshwater mussel assemblages in the Black
River, Missouri and ArkansabBreshwater Mollusk Biology and
Conservatior24: 1-6.

Mitchell, Z.A. & Schwalb, A.N.2021. Sessonality of gamete
production ofCyclonaiasspecies in centraléixas Freshwater
Mollusk Biology and Conservati&#: 7-17.

Shepard, A., McGregor, M.A. & Haag, W.2021. Host fishes and
life history of the roundhickorynut Obovaria subrotunda
Freshwate Mollusk Biology and Conservatia?d: 18-25.

Walters A.D., Taynor K.N. & Berg D.J.2021. Genetic diversity in
the threatened freshwateusselLampsilis powellii Freshwater
Mollusk Biology and Conservatidti: 26-33.

GladstoneN.S, Pieper E.B, Keenan S.W, PatersonA.T., Slay,
M.E., Dooley; K., Engel A.S. & Niemiller, M.L. 2021. Discovery
of the Blue Ridge springsnaffontigens orolibasHubricht, 1957
(Gastropoda: Emmariidae) in east @nnesseand its conservation
implications Freshwater Mdusk Biology and Conservatiaté:
34-42.

Volume 24 number 2

Key, K.N., RosenbergerA.E., Lindner, G.A, BouskaK. &
McMurray, S.E 2021. Riverscapescale modeling of
fundamentallysuitable habitat for mussel assemblages in an
Ozark river system, Msouri. Freshwater Mollusk Biology and
Conservatior24: 43-58.

Stodola A.P.,Lydeard C.,Lamer, J.T, DouglassS.A.,Cummings
K.S. & Campbel] D. 202L. Hiding in plain sight: genetic
confirmation ofputative Louisiana fatmuckéampsilis hydiana
(Mollusca: Unionidae) in llinois. Freshwater Mollusk Biology and
Conservatior24: 59-86.

Whelan, N.V 2021. Phenotypic plasticity and the endless forms of
freshwater gastropod shellreshwater Mollusk Biology and
R Bidpa®ioBi ol ogical Scrences,

North, E & Minton, R.L 2021. Diversity and predicted function of
gutmicrobes from two species of viviparid sna#seshwater
Mollusk Biology and Conservatid#: 104113

Poulton, B.C., Bailey, J., Kroboth, P.T., George, A.E. & Chapman,
D.C. 202 Invasive black carp as aservoir host for the
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freshwater mollusk parasifespidogaster conchicoldurther
evidence of mollusk consumption and implications for parasite
dispersalFreshwater Mollusk Biology and Conservatizh 114-
123.

The Sound of a Wild Snail Eating

ElisabethTova Bailey,original edition2010. Algonquin Books of
Chapel Hill, Chapel Hill, North Carolina, USA.

Here is my usual notice of this
delightful book which | continue
to thoroughly recommendt was
originally reviewed inTentaclel9
(2011).The memoir recounthe

a u t hyearldng observation of a
forest snailNeohelix albolabris
The originalbookwas published in
the USA in 2010, but has been
translated into various langyes
For links to the publisheisf these
editions please seakea ut hor 6 s
website An audiobookedition is
available as a Kindle or hard CBnd thereis an awad
winning short film adapted from it (seeldsnailfilm.org for
upcoming sreenings

Film of the book available

The author informs me thdtefilm of the book (around 15
minutes)is available for screenings malacologyand other
groups and departments. Anyone interested in such a group
screening for their lab or departmeshiould send ag-mail to
info@wildsnailfilm.org | have seethe film and can
recommend it highly it is as delightful and thought

provaking as the book.

Other publications of interest

This isby no meana comprehensive list but simply a list of
publicationghat!| havehappened to come acrosslditional to
those mentioned elsewhere in this sectibpou want to have
your publicatims listed in the next issue ©éntacle please
send details tme,Robert Cowigthe editor.

Albang, P.G., Steger J, B o dvin bumreB., Guifarrg Z.,
TurapovaE. Hua Q. Kaufman D.S, Rilov, G. & Zuschin M.
2021 Native biodiversity collapsi theeastern Mediterranean.
Proceedings of the Royal Societ®3: 20202469

Balashov, I.A., Neiber, M.T. & Hausdorf, B. 2021. Phylogeny,
species delimitation and populani structure of the steppe
inhabiting land snail genuselicopsisin Eastern Europe.
Zoological Journal of the Linnean Socidt93(3): 11081125

Bohm, M., DewhursRichman, N.1., Seddon, M., Ledg&.E.H.,
Albrecht, C., Allen, D., Bogan, A.E., Cordeiro, J., Cummings, K.S.,
Cuttelod, A., Darrigran, G., Darwall, W., Fehér, Z., Gibson, C., Graf,
D.L., Kdhler, F., Loped.ima, M., Pastorino, G., Perez, K.E., Smith,
K., van Damme, D., Vinarski, M.V., yoProschwitz, T., von
Rintelen., T., Aldridge, D.C., Aravind, N.A., Budha., P.B., Clavijo,
C., Tu, D.V., Gargominy, O., Ghamizi, M., Haase, M., Hilton
Taylor, C., Johnson, P.IX, e b a |g.Ldtner, J.,Lange C.N.,
Lepitzki, D.A.W., MartinezOrti, A., Moorkens E.A.,Neubert E.,
Pollock C.M.,Prié, V.,RadeaC.,Ramirez R.,Ramos M.A.,
Santos S.B.,Slapnik R.,Son M.O., StensgaardA.-S. & Collen B.

2021 Theconservatin st atus of the
Hydrobiologia848 32313254

Bouzaza, Z., Vera, M. & Mezali, K. 2021. Population genetic structure
of the endangered limpBttellaferruginea(Gastropoda: Patellidae)
in the western Mediterranean: new evidence implicating marine
bar r i erMobuscanfResearcthl¢l): 3240.

Brian, J.I & Aldridge, D.C. 2021A rapid, non-destructive method for
sampling castratingarasites in endangered bivalve molluscs
Aquatic Conservation: Marine and Freshwater Ecosys@&h(3):
729735

Catala C, Bros V., Caselltort, X., SantosX. & Pascug|M. 2021.

Deep genetic structure at a snsghtial scale in the endangered land
snail Xerocrassa montserratenscientific Reportd1: 8855

Christensen, C.C., Cowie, R.H., Yeung, N.W. & Hayes, K.A. 2021.
Biological control of pest nemarine molluscs: a Pacific
perspective on risks to ndarget organismsnsectsl2: 583

Coghlan S.A.,Currier, C.A, FreelandJ.,Morris, T.J. &Wilson, C.C.
2021. Community eDNA metabarcoding as a detection fimol
documenting freshwater mussel (Unionidae) spexsssmblages
Environmerdl DNA3(6): 11721191

Colladq G.A., Chihuailaf E., Mufoz N., ContrerasM., Novoa F. &
ValladaresM.A.. 2021. Reproductive aspects of guorly known
and critically endangered freshwater shileobia atacamensis
(Gastropoda: Truncatelloide®eerJ9: e11550

Coote, T., Schmidt, R.E. & Schmidt, K.A. 2021. Rediscovery of
poulations oPyrgophorus parvulugGuilding, 1828)Gastropoda,
Cochliopidag, from a freshwater stream on Montserrat, Wesemndi
American Malacological Bullati38(2): 8184.

Copeland, A. & Hesselberg, T. 2022abitat preferences of the
Critically Endangeredreater Bermuda land sn&becilozonites
bermudensis the wild Oryx56(1): 3437.

Cowie, R.H. 2021Evolution, extinction and conservation aftive
Pacific island land snail$n: Imperiled: the Encyclopedia of
ConservationElsevier.On-line early

Dobler, A.H. & Geist, J. 2021mpacts of native and invasicrayfish
on three native and oirevasive freshwater mussel species
Freshwater Biolog$7(2): 389403

EspinosaF. PavorPanequgA. & GarciaGomez J.C. 2021.
Disentangling th impact of artificial substrata on the trophic
ecology of the highly endangered marine invertetatella
ferrugineaGmelin, 1791Molluscan Researchl(1): 4145.

Flores, N.Y., Collas, F.B., Mehler, K, Schoor M.M., Feld C.K. &
Leuven R.S.E.W 2022 Assessing habitat suitability for native and
alien freshwater mussels in the River Waal (the Netherlands), using
hydroacoustics and species sensitivity distributiBnsironmental
Modeling & Assessmel¥: 187204

Gerlach, J., Barker, G.M., Bick, C.S., Bouchet, P., Brodie, G.,
Christensen, C.C., Collins, T., Coote, T., Cowie, R.H., Fiedler,
G.C., Griffiths,O.L., Florens, F.B.V, Hayes, K.A., Kim, J.,
Meyer, J:-Y., Meyer, W.M., lll, Richling, I., Slapcinsky, J.D.,
Winsor, L. & Yeung, N.W. 2021. Negative impacts of the
invasive predatorEuglandinadose®® ( Mol | usc a:
andPlatydemus manokwa(Platyhelminthes: Geoplanidae)
when used as biological control agents against the pest snail
Lisschatina fulicaMollusca: Achatinidae)Biological Invasions
23(4): 9971031

GladstoneN.S, Niemiller, M.L., Hutchins B., SchwartzB., Czaja
A., Slay, M.E. & Whelan N.V. 2021 .Subterranean freshwater
gastropod biodiversity and conservation in the United States and
Mexico. ConservatiorBiology 36(1): 13722

Hawkings, S., Hodgson, A. & Firth, L. 2021. Keystone snails: the
biology, behaviour, ecology and conservation of patellid limpets.
British Wildlife 33(3): 175185.

Hobbs, C.S., Vega, R., Rahman,Hrorsburgh, G.J., Dawson, D.A. &
Harvey, C.D. 2021Population genetics and geometric
morphometrics of the freshwatamail Segmentina nitideeveal
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