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Strategies for maintaining

pond-breeding amphibians

on golf courses

Given the proper habitat and unfragmented access to breeding areas,' amphibian species will increase

in population and species diversity.

Peter W.C. Paton, Ph.D., and Robert S. Egan, M.S.

Biologisss arc lncreasingly comecraed
about documented declines of amphibian
populations on local, regional and even
global scales. A vasicry of factors have been
implicated in these declines (for example,
ineroduced predators, ferilizers, pollucancs
and UV-B radiacion in sunlight), although
the leading cause of declines is the impact of
habiar fragmentacion and habirat loss on
pond-breeding amphibians (4,8).

We arc focusing this paper on pond-breed-
ing amphibians beawe the majoriy of
amphibian species in the northeastern Unied
States breed in ponds (six species of salamza-
ders and 10 species of frogs), whereas fewer
species breed in stecams or uplands (5). In this
papee, we discuss stategies for muintaining
populations of pond-breeding amphibians on
golf courscs in New England based on a vari-
ety of studies conduvied yince 1997 by
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breeding amphitbians in the north-

a3slenn Unilad Siates. Trees encloss Mhe site and create a relativoly tosed canopy, Five species of frogs and three
apecios of salamanders breed i the podl, whish hag usuaky dried by Septomber,

researchers at the Univewity of Rhode Tband.

Amphibians and habitat fragmentation
Asmiphibizas can be exceptionally sensi-
tive to changes in wicrocliniate and miceo-
habirar becausc they have permeable skin
that makes them susceptible to desieention.
"Thus, habitac ecoroncs, such as the wansiton
between forests and tucf finvays, may wep-
reseat potendal dispecsal barricrs to amphib-
ians moving across the landscape.
Frygmented landscapes, such as golf
courses, can have a ncgadve impact on
amphibian populations. Amphibians that
breed in poads have complex fife cycles thac
make them particulardy vilnerable vo frag-
mentation and loss of habitar. Ponds are

often used by wdults only bor mating and
depositing eggs and by larvae during devel-
opment untl meramorphosis (thar is, the
uansformation into torsestrial organisms) (G).

Adults are usually very fuithful o their
breeding pond, returaing to the same pond
year afece year, whereas metemorphs {young-
of-the-year) tend o disperse acrosy the land-
scape and oftca brecd in new ponds (8), For
most of the year, adules and juveniles of most
Fond-brwding spcdes reside in forested
uplands and forested wotlands near brecding
ponds (Figure 1), with many individuals trav-
cling considerable discances 1o reach theit
non!hrﬁ:ding territories (For exarnple, sala-
manders of the genus Ambysiona tcavel 180

yards (164.6 mercrs) and facther [73).
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What do superiniendents need {o know?

Pond-breeding amphibians migrawe owice
ayear, onée from dheir nonbreeding habitat to
the breeding pond, and then badk to dheic
nonbreeding teetitory at the completion of the
breeding scason. “herefore, managing the
landscupe o maintain populadons of pond-
breeding amphibians s a challenge for golf
cousse designers and superintendents because
it wquires 2 deailed understanding of the
physical and biological habirac characreristics
of breoding ponds, an understanding of habi-
tat requirements during the nonbreeding sea-
son, and kaowledge of the inwrvening habitaes
wsed during migration w and from ponds and
nonbreeding habicat. Adding to dhe difffeufry
is rhar biologists are just beginning o wmean-
gle the complex habicat cequimments of
pond-breeding amphibians, particulary dur-

. ing migration and the nonbreeding season.

: As part of a Wildlife Links project funded
by the USCA, we conducted a aumbec of
shore- and long-term experimenes and obser-  southern Rhode Island, Here weprevent what  Hydroperied of breeding ponds
vational saudics to assess che impactof wefand  we believe sre the key issucs for plople work- To ussess pond-breeding amphibian use
golf courses on pond-brceding amphibiansin  ing in golf course manugement. 4 of ponds on golf courses, we used dip-nets o
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sample 59 ponds at 32 golf cotteses in Rhode:
Islznd, Conncericur and Massachusetts due-:
ing spring and exrly summer 1999. Mosc:
ponds on golf cotrses had either green frogs:
(Rana elamitans) or American bulifrops (R,
catesheiand), with few other specics detecred !
(Graph 1. The ponds lacked species diversity ;
because most of the ones we sampled on golf:
courses were permancntly flooded. In addi-
tion, many ponds we ampled on golf courses ;
had fisk.
During 2000 and 2007, we used dip-new .
to sample amphibian communicy steucture at ©
137 tandomly selected ponds across dhe:
urbrnizarion gradicnc in Rhode Isfand. We
found dar hydroperiod {that is, the numberof:
doys with sanding water in the pond basin) :
was eme of the most imporeanc variables detec- ©
misiag amphibisn community scucause and ; ;
broeding densices (3). Ponds with a long AR 7 01\
hydmpeciod (dyingia Oceober or November) © gy 3. woodlfrog egg mases are atashed 1 butionbush shiubs in the cenfer of a small pand in westem Rhode
tended to have the mose specics (Graph 2), 0 island. An estimgled 1,500 elg masses were in this poad, covering an a%a G leet (1.5 meters) In dlameter, Spoltetd
whereas ponds widh 2 shoee or medium " salomanders alsh atlach egy yasses to woody vegatatlon,
hydreperiod (drying annwally from June . :
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through Scprember) tended to have unique - For exampte, wood frogs (R sylratica) and  were usually derecred only in ponds diat dried
species not found in permancat ponds, . matbled salamanders { mbystoma gpaciwn)  helore Soprember, Tadpoles of buth species ate
SPECIES VS. HYDROPERIGD |
45 — :
4 —
35 —
g '
[
Z
& 25 }-
=
g
E 2|
3
<15 L.
-
0 : : K H . ) e
shot . = Medi}:m Permanent
Groph 2. Rstaonshlp betereen pond-beeding amplibian species ichness (mean numbes of sacis pef pond [ standand emo) and hydroporiod n 37 ponds i Rhoda
Istart, Pords w/th 2 short hydeapesiod try Tn Jine or July; mediurm-hydroberiod pondiidry In August or September; tong-hydroperiod pondds dry In Ocicber or Novernbet,
permanent ponds never ¢ry dung the yess, ‘ l ’ i

Suentals

97 acm

1

Novernber 2003

¢




URI NR3

1171672004 TUE 18:12 FAX 874 45861

among the fitst to complete metamorphosis,
typically emigrating from ponds by ey July
(5). In contrast, tadpoles of American bull-
frogs were found only in permanent ponds,
and green frogs were more likely to be found
in Jong- or permanent-hydroperiod ponds
(¥igurc ), Both of theve species have cadpoles
that take much longer to complete meca-
morphosis (two years for bullfrogs and one
year for grcen frogs) and therefore require
ponds with longer hydropertods for success-
ful reproduceion.

The take-home message from this
tesearch is thar maintaining the endre
amphibian community on yotr golf course
vequires ponds wich a variery of hydroperiods
on or adjacent to the course. It Is cridical to
hrave ponds dhar dey annually because same
specics only use seasonalfy flooded ponds (9).
In addicion, ponds should pot be stocked
with fsh. Fish ate major predators of
amphibiza eggs and larvac, which is why
many species of amphibians tend to aveid
ponds with fish. Finally, we have found chat
the vegetatlon in pouds can be importaat to
ceraain species. For cxataple, wood frogs tead
to have fargee populations in ponds with
extensive  coverage  of  buttonbush
(Cephalanthus vecidentalisy (3), wheseas
spring pecpois (Freudacris crucifer), tend 10
theive in ponds with no canopy closure
(Figure 3).

Effect of grags height and habitat
on movements

"Tb assess whether grass height may affect
movement of amphibians, during the 1998
field season we constructed wo squace peos
(50 Feet {15.2 metecs] on exch side} ona 9.8
acce: (4-hecrare) secdon of crceping bentgeass,
which is used by the turfgeass group at che
Univeasity of Rhode Island for a varicty of
experimenss. The perimetee of our experi-
meatal pens was enciecled wich 1.6-foor (0.3-
merce)-rall sile fence. The peas were
subdivided into four quacters (25 feec [7.6
meters] pec side). Each quaercr (randomly
sclecied) was mowed to a grass héight siti-
Jar to those found on golf courses (0,25 inch
[0.635 contimeters), 0.5 inch {1.27 cen-
tmetess), 1 inch {25 cendmeecrs), and
greater than | inch.

All experitments were conducted on
winy nights, when amphibians were fikely w0
move. During the experiment, an individual
amphibian (wood frog, American toad
[Bufo americames], green frog, bulfog or

Elyure 4. The Americantoad is widssireed Lroughout North Ameica, with & range that extends from east of the Rorky
Moumitalns to the Atfsntic coast and ffom the mitkEe part of Canada fo Mexion.

pickerel frog {Rand patustris}) was placed in
thé center of the array, and dts movements
were monitored fgr @ threeiminute period
(Fi gun& 4} : X
.During gmss-height experiments, we
found no evidencd that frogs preferred any
prass height during the theedtminue trials;
thar is. movemepts were jrandom with
respect to grss hfghe. THis suggeses thar

A

rass heighe, ac lealt in, the height range we

quandfied, which s typical of current golf
cotrses in Norch America, des not hinder
or énhance amphibizn movements:

"“We also constrycted anothes set of exper-
imental peasat ecotones beowgen a forestand
wief mowed ac 0.5-inch (1.27:centimeters) ar
less, and a forest fand dint-coveced barren
areas, During dhese cxperimg%ms, all species
weie more likely to seek covee in the forese
and avoided che turfand opéjxﬁ habirats.

“The results acd teue forthe species we
sampled, but we did not have the opporcu-
nity (o investigdtc movement patterns
of any salamanders or somg frags, spring
peepers and geay pree frogs) whose move-
meats could be qffected by grass heighc
However, we did find that amphibiaps
(Fogs in this casc) preferred to move into
forested habitats flom cith
avcas: In both cased, the evidénce shows thac
waoded habitats were prefered over barren
ground o tuef. This suggestsithat, for move-
ment corndors, amphibf_}:ms preferred

forested habitar to open habitats such
as fairways.

Turf and amphibian dispersal from 3
series of ponds

We also conducced an obscrvational
study to assess the influeace of habirar on
movement behavior of amphibians. From
1998 to 2000, we monitored the immigra-
tion s emigration of adules and emigration
of meeamorphs from breeding ponds actoss
a wooded landscape fagmented by waef
fields, We dacumented considerable varia-
tion within and among speeics in their ini-
tial departure direction from breeding
ponds, which suggests thac habitat near
breeding ponds has little influence on move-
mient patteens.

Faseher from breeding ponds, adules of
species that ceside in forested habicats duriag
thie nonbreeding scason (for example, wood
frog, spotted salamander {Ambystora mace-
Laturn), speing peepes, gray weckog [fha ver-
sicolor] and red-spored newt [Notaphthalmps
piridescens]) occurred less often aran ecoronc
beoween a vacf ficld and a woodland (Figure
5). Tn cantrast, species that winrer in aquatic
habiaes (for example, grern frog, American
bullfrog, pickerel frog) seadily crossed che
turf-woodland cdge. Metamorphs of most
species rended 1o be habitat generatists dur-
ing rigration, wheeeas adules rended o
cxhibit morc habicat selection.
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To test fucther the influence of habivag:
on migraton, we removed the overstory and.;
understory in five small parches (32.8 feecby -
131.2 feet {10 by 40 metess]) in a woodland:
wheve we had been monitoring moverneats”
for the provious two years, Based on this?
expesiment, we found that small-scale veg =2
etation temoval affected the movement pat-:
teens of ac least four species, :

Overall, these results suggest thar habi-:
tat associacions of poad-breeding amphib--
inn specics duting migeation arc similar to;
those during the nonbreeding season.::
Species that reside during the noabreeding’:
scason and winter in forest hubias (foc
exumnple, wood frog, marbled and spored:’
salamander, red-spotted mewt, spring’
peeper, pray treefrog) tend to migrate:.
though forested habirars and avoid open”
expanes such as fairways. This is partica-:
larly tus for adule amphibians, which aveid -
open habitats morc than youug-of-the-yeae.
I comteast, species tha wineer in aguadic’
habitaes such as seceams or ponds (for exam.;
ple, American bullfrog, preen frog and pick-=
erel Frog) ate less likely to be offected by
forest frapmentagion because they are u.trili-:f
ing to cross upen habitats, -

This explaing why ponds on golf courses
tended 10 be dominated by species thut are
less likely to be affected by habitar frag- |
mentation. As mendoned easfier, both bull-
frogs and green frogs prefer permanent.
ponds for suceessful reproduction, In addi-~
tion, both species readily ceoss open habiets, -
such as Fairwoys, to reach breeding ponds or
W.ll\(eﬂ“g S{LEs, b

Other researchers have documented pac-
terns similar to those we found in Rhode
Tsland. For example, wood frogs in che!
forests of Maing were clagsified as “manage- -
wenr scasicive” (1,2} because they avoided -
traveling across clear-cuts. Adule sporred
salamanders also generally avoid openings in .
woodlands, although other researchers (3},
have suggesced that migratory movements
by spotced sahamanders were unaffccted by -
vegetasion ot wpographic structuee.

What steuld superintendents da? :

Whar does this research muan for golf
course designers and superintendents of :
existing courses? Available evidence supgests -
the lubitat characteristics of a golf course |
can affect movement behavior of some
species of pond-breeding awphibians. In -
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Figure 5. The g l. y trgaton, 5.509625 CHMMAN in ponds
in New Englang, overwinters in brees. Because Hiis
specles prefers lrees, famwayicanbe 8 tispersal barrer.

New England, species that wititer in forested
habitats apppar to be the most affected by
habiac fraglinénmtioni Thus, desigaers in
that area shodld maximize the amouat of for-
est cover onfa couese, while simulancously
creadng fordstéd teaval corridors between
breeding poriids and nonbrceding habicat.
The species imost seasitive to habitat frog-
menttion okl breed primacily in ponds chac
dry annually] These ponds arc best identificd
during surveys conduceéd in March and April
when they ape most likely to-be flooded, I
seasonally Aboded poiids a¢ found, steps
should be caken to maintain 2 Forested bufter
arpund the pond. No définicive guidelines are
available on| how wide this forcst buffer
should be, Hue it hasibeen estimated that
approximately 95% of the population of
mole salamaddes usually pccirs within 591
fees (180 mefers) of thé pond: (7).
Mainwining such 2 widé forest buffer
argund all stasonally flooded ponds on 2
course may beimpractical, but alternarive
managementiseeps could include maximizing
the forest andfor shrubbuffer around ponds.

g o7

This includes creating forested travel corridars
that wdow movement from seasonally flooded
ponds and dicir asociated buffer w large
patches of porential nonbrecding habicac.
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