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Abstract: Urban areas often comfain sizvabie pockets of de.
Rridded Loed, sueh as imactier Lendfills that could be e
claisred an unialife babitad and as conmecting ks to en.
Bance remrant natteral areas In the novibecsterss 105, many
such s fadd o wndergo wotteral succession W wood e
trisieaud pelaining a weedy, berbaceous cover for gy years
We byfoibesize thal seed dispersal is a Hriting facior, anad
vt a foere of secondary sucoesion cowld be stiradated by
introsfucing clusters of frees and shvihs (o @ttract aeian seed
diipersers Af a direct hest we censnsed a 15 b exprerimenial
flantation on the Fresh Kitls Landfil] (Maten liland, New
York ) ome voar after installation, in search of eviderice Hat
thy frlntation weas spreading or increasing in diversity. The
1T plarted species. iy from cosital scrib forets mative o
i reglon, were surofoing well bt condributed aimost noe
seepllings fo the ared, (0 paret Beceuse only 20% of e in.
stalled rrees or shrubs were reproductive. OF the 1079 woody
sevalings found 955 came from sources culside the filan-
sattory; ot (7% Y were from estye frutted bird-dispersed
plusits from nearty woodland fringes. Althouph the restora.
Hown prlaontirge itvelf bad rof begun fo produce seedlings, &
aidd functicon @ @ site firr ativacling diperiers, Wi eriched
the young comtrnily with 20 new species. One. fourth of all
news recreils were from sive sold itiomad wina dispersed spe
cies, Lewations with a bigh ralio of trees 1o derubs bad pro-
prortionaiely mone recruits indicating that filent size con-
Iribiatid fo disperser attraction. The density of new recrutis of
each specios war depevdeny om distance from e nearest
pratentinl ceed source fatredieing sative species udth e
cafhacily o attract avlan dispersers may be the bey Io swccess
O Alary restoration frognams
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Restablecimicnto del bosque en una clausun: Ripids sdicion
de cspocies por aves dispersoris

Resumen: Aread urbaras uevalmertic confirmen nicloos

sladias de & fo considerable, de flerray degradodas
cii vertedenis pubilicos inactfvos gue frieden sor reclama.-
dng oomo badbital para vida sflvestre, ¥ como einculos oe
CONBCCIGH Para arfiliar dreas nalurale remaneites En of
Neweste de Estados Unddin muchas de esias Herras fracasse
en el proceso natural de sucesidn bacla bosques, en ivs re-
Henen for irachon arios wna cubierta besixicest de malezan
Nt ipdiesis e g Lo dispersicn de Les semcillas e um
factor fimitante. Una frerma de sucestdn socundaria puede
Ser simelads introduciends conglomerados de drbodes y ar.
Buastos, ferra afreds dves dispersoras de sermillas Como fest
direch negotras sensarmos |5 ba de sma plariascion exper
rrental en el veriedern publico de “Fresd Kills' ( Stoten Feband,
New York ) ien anio desprads de la inttalacion, en la bisgueda
de weidenila gue demestre guee i planiacion fus disperada
O fncremienio en diversidad Loy |7 expecies planladas, -
el de arfiutes costiris mabivos de i region, sebrerivieron
bien, pero, procticaments no contribuyeron e senillas en
ol dreat, o0 parle porgue fdlamente of 20% de log drboles o
srbuistos instalados fueron reproductioos. EL 95% e fas
HO7R pldntulin leiosas encontredod. provienm de fuenbes
frera de Lt plantacidn: o mayoria (715 ) provinderon de
fruton de plantay dispersadas pov pdfaros de Herroas de
tusciues aleddnieay 5§ bien fa restauracidn de la plantacion
er g milma no ba conenzado o producie plintuelas, b

.MMmmxfnummdm aprae dnciry aony

rigfuectdo fas comunidades jivenss torm M) Riebas especies
e crssarter dde todes Tos nuevod reclubas provimieron de nueoe
apecies dispersaday por of viento Lugires con allas rela-
clones de drboles con resprecto o arbusios oo fropor
cionalmerte mds reclutas, indicandeo gue el lamano de la
Prlanta coniriteyd o la atraceion del dispersor. La dersidad
de fas meevos reclitis de cada especte fue depenadivte de la
distancia desde fa fieente fotenclal de semillas mds cercana
L imbroduccidn de especies natitae com o capacidad de
difvier ated digpersovas puede ser o clave del sucrio dy
mckos frrograrmas de restanracicn

Conmervanon Biskogy
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Introduction

Restoration ecilogists Boe many challenges a5 they
IO 10 COMX OF Fetain proccsses thar regulste naneral
communities. Even when habitats arc well prepared snd
speowes Chosces Carcfully made sucoewsful  restoration
can br dobned or proventod by bocal environmentsl
chsnge, such = altered bvdrodogic patterns | Zedler
199 ). competition from iovading weeds | Bradshow
P9 L or herbivore damage { Archibold 1979, Anderson
1989 ) When change b anticipatod 28 part of restoration
planning, however, the cutcome <an be directod n B
vorable wavs. For cxample, mators] secoteon can be
mitisted and promoted during land reclamatson and
habitast restoration (Ul 1988, Bradshaw 1980, Majer
199, Luken 1990 ). Restoration planncrs can draw from
a wealth ol knowicdges on the ooological processes that
BoCOmpany sucorsskinal change, i particulsr the role of
plant reproduction and dispersal during scoondary sud-
cesmion [ Archibold 1979: Lhl et al 1982; McClanahan
1986, Aber 1987; Janzen 198Ra 19880 Nepstad o al
1991 )

When degraded lands are abandoned, they rarely

change but instead persist as scars on urban and rural

We have examined a3 number of abandoned
tandfills in the New York mectropolitan arca and have
been impressed by the failure of vegetation to develop
either diversity or complexity on these sites. What ecol
ogists in the northeastern United States have come o
regard as normal secoession from open feld o wood-
land (xee Pickett 1982 ) docs not ocour, o clse ocours at
i srmall's pace. One can find ococaskonal large trees grow-
ing on cven the poorest, most exposed sites, but these
arc largely the products of a fow wind-dispersed specics
{Stalier 1984) A likely explanation for the absence of
natural succession i that appropriaic seeds never arrive
Microsite lmitations impose many “filters™ on 3 devel
oping forest community, such a8 intenspecific competi-
tion, sced prodation, and secdling herbivory { Werner &
Harbeck 1982, Myster & MoCardwy 1989, De Steven
199 a Gill & Mario 1991), but initisl differences 10
sced dispenal may be overwheiming (De Steven
19916 ) We forus on this carfiest part of secondary suc-
comion, the dsponal sage, and its spnificance in the
FEMOrElion Process.

Dunng scoondary saCCrsshn. amimals Contimoushy
transport socds of woody spocics Into opon o
(ohmston & Odum 1956 Smith 1975 Guoevara of al
1986; Hoppe 1988; Saulci & Swrainc 1968 ) This & par
whoulerly troe in the formation of temperate deckduoss
foroas in North Americl, whore most mbd-sucorseonal
spocics are bird-dispersed (Howe & Smallwood 1982
Supanisn 1986, Willson 1986 Stles 1989) In open
ficidds, hird dispersors are amracted 1o trees and shrubs,
wiwich a1 2 minsmum provide porching sites | Debussche
of al 1982 Uhl et al 1982 McDonnell & Stiles 1965

| e ——oy
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McDoancll 19686 McClanahan & Wolfe 19687, Camphell
of sl 1990) The process & exponential, with posutive
ferdhark berween incresang winody' plant demmitics snd
o reamang desperser visrs. The Eact that heghly disturbsed
lsnds fal w0 underpn nataral sscoowmion may be tied 0
the Lack of 3 first pubse of woosdy recTuitmenl—an -
poncntial Ve Carve can't gt started.

in 0 cffon 1o rehabibtste portons of the Frosh Kills
Landfill {an S0-ha complcx ). the Ciry of Neow York
Departmert of Sandrmin bos begun a series of expen-
merntal plantings, incioding aitrmpes (o FEPENCrate M-
tive forest communitics. 'We cxaminod one of these o
fetestalionh cipcnments b detormine wheiher @ wa
funcioning a8 3 scod source and a8 an EIrsctent for
depersers. Unar hypothoses for this study were

(1) Native wooly specics Can survive and grow on
restored landfills and similar recovering sites, and their
dtwenicr teflects 3 lack of fetural dispemal Alicmatively,
the sitc s unfzvorablc for those plants, rogandics of

patierms.

(2) The introduction of woody spocics can stimulate
fatural succowion 1o 2 diverse woodland, provided na-
tive seed sources are nearby. Allernatively, seed i i
troduced into the landscape, regardiess of the hack:

VERELation

{ 3) This attractive function is proportional 10 average
plant size. Alternative hypotheses are that recrultmendt is
instesd proportional to planting density, or that dis-
persil is diffuse and not correlated with plant size or
planting density.

Methods

bn Fall 1989 and Spring 1990, 1.5 ha of an spproximately
A-ha site on the Frosh Kills Landfill (Staten lsland, New
York: Fig. 1) was designated for festorstion afd plantcd
with 18 species of trees and shrubs. The species, all of
which arc native 1o northesstern North America, were
chasen &8 representative of 3 coastal scriby forest once
found on Soten Istand and sl ocoeTing on Long s
lamad. New Yiork (Olsvig ot al 1979), and comtal New
Jerey [ Robichasd & Buell 1973 ) Prior (0 planting, the
site was coverod with & 40-cm cap of highly compacued
clhuy shale subsodl (1o prevent gas and waier cxchange
between the Lndfill contents and the stmosphere, in
scooedance with locsl regulations ), and then covered
with  planting substrate of 60 om of cndy mneral soil.
nio which spprommatedy 15 cm of composeed leal
mmich (3 commercial aursery prodect ) was iBcorpo-
ratod. Ali soils and amendments were tranmsported o the
site from stochks stored 3t other locations. The plantng
substrate wis graded from 30 (o 90 o deep on the site
W ereatc an undubong opography, charactormsts of
mstural cosstal sites. Bovation of the site ranged from
scd level o 17 m
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Figuere |. Maps of (a) Statens Island New York, () the Fresh Kills Lovdfil] consplex avd (c) the oosattal wod -
lianal resforation area examined tn i stusdy. The four numbered sections in (&) e e landfill mownds, perts
of wibich baiw beews capped sedth impermeatic lines and roovgelaled Mbaded areas §n (o) roperesent the approo

mate positions of nearty woodland remsaniy

Three scparate vegetation mixes were installed in
three different portions of the site: [ 1 }a predominantly
oak-shrub mix of 14 species, planted on 3 south-facing
slope approximately 25 m inland from Main Creek; ( 2)
a predominantly pine-shrub mix of 14 species, planted
on a shallow, north-facing upland swale 30 1w 90 m
inland from the oak-shrub group; (1) un ercaceous
stiruby mix of six species. planted upslope from the two
other areas on o predominantly cast-facing dope (Fig
1} In the analyses that follow, these are referred o as
the oak, pine, and cricaceous sites. Approximately 300
shrubs were planted in small clusters (6—12 plants of
une species per cluster ) among the three sites, and 00
trees were distributed over the oak and pine sites. In
addition to woody species, cach site was planted with
native perennial grasses and seeded with 2 native wild:
flower mixturc.

We commused the plantation in June 1991, during the
sccond growing scason after installstion. Wi divided the
theee dites into 50 contigeous plots, cach approimatcly
10 * 30 m. To study survival and reproductive status of
the planted stock, we consusod all troes. shrubs, and
woody vines within the three sites. To estimate recrail
ment, wr censused 2l sevdiings of woody plans idon
tificd by spoiacs. Living, indivaduals weore countod, mes-
ey, sl categonieed socording o o of fout saifces
(1) dcliboructy pizoocd = part of the rosorston: (2) 8
seodling dermved frosn one of the restoration plants (2 2
CoemervRiive ostimune, thes catepory included any sood-
lang that musched 3 planicd spocics that had roprogdecod
in asstek (3) a scodling derived from 3 noarby sowrce
iustside the rostorston sitc; (4 ) 2 soodling of sproud that
arrived on 3 rout ball of 3 planted mdividual | prosamatsy
o & populstion 3 the SOUTCE BUISETY )

Following the oonses, we sunveyod the surrounding

arca 1o identify potcntial natural secd sourcoes. [hstances
from nearby woodland remnants were estimated for all
50 plots 1o determine approximate minimum travel dis-
tances for cach new specics in every plot. Formal con-
trol plots (devoid of trees and shrubs ) could not be
catablished becanse the arca surrounding the restora-
o site was mowed As a substitule, we comparcd re-
sults informally with censuses taloen on another nearby
tandfill o infer differences between background levels
of woody plant recruitment and the putative offect of
sdding trees ond shrubs. The Brookfield Landfill, also
located on Stten Island—within 4 km of the Fresh Kills
Landfill, was closed in 1985, The 20-ha site, which bor
ders 3 105-ha forested reserve, was seeded with com:
mercial grasacs upon closure and has since received o
maintenance. It is similer to the Fresh Kills Landfill in
soll types and swmounding vegetation We consused all
woody plants in three 0.5t plots, corresponding o the
tortal arca of the Fresh Kills Landfill restoration

Resalts
Sammary of ‘afersl Recramtoust

The majority of individeals and 17 of the 18 speoo
planted were surviving { Tabic 1) Growth estumates in-
dcane that most rees had moderate incheses in garth (0
o %% |} over the firm semon, wheress most shrubs
proew substantially i beight. shout 6L on sverage A
kow proportion {19% ) of plants were feprodective;
most were cither 100 young or porhaps sufferod trams-
plent shock. This & reflected in the very slight recruit-
rMMuhﬂm(ﬂ.‘h;T&
Zh

Afcr onc yoar, natural rocruitment had boosied the

L
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Tabde 1. Crmsas dma for wees and dbrsin plasied on the Fresh Kills Landfill dusc rosoraties sios.

Total
comienl

beight {m )

Mewam

Amelanchiee stolonifera I ™H
At fupbey fos it - Ll 2l
Letopdey i Bacyafodism L]
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Myraca fesy i ]
Pimis rigike L
Fimiar TErgie ksl ™
Priafiial iaritima 523
Arorria arbfifolia 210
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1.0
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wioody sprcics Count from 18 w0 %0, with the sddition of
14 wec, 10 shwub, and § vine species { Table 2) Nane of
the 32 recruiting spocics were pirobably carricd in by
winid, 20 by birds or mammals. Throe additional specics
and 2 1otal of 46 recrulis probably arrived via solls in the
fursery rodt balls. I general, for every thiee installed
plants, natural dispersal added a now individual to the
cusmanity during the firsd year, for 2 total of over 1000
woodh voluntoors.

Recrmitmend, FMlast Density, and Flast Sive

Naturally recriiting spocics totalled 24 in the ok mix,
22 in the pine mix, and 17 in the ericaceous mix. Plant:
ing densities varied amoig the three groups, but recruit.
ment rates ( ratics of rocneits (0 installed plants ) when
adpusted fod those differenons were smmiler (ook s
0 34 pine mix, 0.34; ericaocous mix, 032 ) The mamber
of mew recruits per phit was positively correlatod with
the number of tramsplants per plot (K7 = 011, p =
0021 The spread of secdlings was diffuse, however, and
we could detect no clear correspondence between the
number of recruiting seedlings and distance 10 3 planted
tree or shrub. An cxcoption was blsck cherry (Promss
serafing |, which tended to ocous i small chesters in the
viciniry of trees

Eesults of other rescarch ( McDonnell 1986 ) indicate
tht masst local fruit-cating birds will not perch on plams
below a minimum height (1.5 10 2 m) All the planted
trees we examined were taller than 1.5 m, and most
shrubs were shorter, Since numbers of trees and shrubs
varied independently among plows, we comparod the
i of planted trees b sheubs with the mamber of Bow

recruits mocach plot (for those phots with trees ). Rank
ool indicate higher recrudtment @ plots with
proporticnstely more tll plants { Kendall T = 024, =
= 2.10, onc-tailed p = 0.01)

Kecruitment and Distance from Seed Source

Wo located potential pearby nateral sources. in the form
of frosting adults v fnogpng, worndlsnds, for meos of the
newty recruiting species (Tahie 21 The principal ex-
coptions wore those that rocnaited from roof hall soils.
and a commonly-planted shade tree, Albiizdn fulibris-
sin This species, which was found in several plots, may
bave been transported s @ contaminant in solls o
mibch, Three-fourths of naturally recruiting planes [ T4%
of V02A) were bind-disporscd spocies. Moan muinimuem
distances traveled (fo a plot from the nearest potcntial
natural sood source | were nearhy Ao s loog for wand
dispersed spocics (210 = 92 m ) & for those dispersed
by animals (129 = 5% m) For bird-dispersed plants,
scedling densities per plot were significantly dependent
of distance from the nearest putitive seed source for
each specics, although with considerable variation (re.
grosson statistios with 95% i soodling number =
1298 — 194 = 113 (log dseance }, B¥ = 008) No
sgnificant reiationship wms cvdent for

plants (scodling number = —044 + 0.53 = 081 (log
distance ) B¥ = 0.01)

Comparisons with Other Landfil] Sives

Without knowicdge of 3 background invasion rate, it is
probirmatic 10 sttribute recruitment of bind dispersed
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plafils to soifve sttFactive feature of the plantation. Cen-
suses of the Brookficld Landfill, where trees and shrubs
were never planted, indicate that some woody planis
were recruiting. Ningteen specics were found, only six
of which were wind-dispersed (therefore, animal dis-
persal was occurring ). Stem densities were relatively
low however, 145ha, compared with 6400wt the
Fresh Kills site. Judging by their sizes, approvimately
half of the mecruiting plants were recent scoudlings, and
this roughly translabes to an cight-fold lower e of an-
nul recraitment on the unplantod sitc

Another ¢omparison was sfforded by an experimenial
woodland planted in 1976 on part of the Edgoboro
Lanaifill, Esst Brunswick, New jersey (Gilmun ot al
1985k By 1990, this plantstion had been areaded by 3
A many sorw thocs, shirsl, sl vEwes—moedly native,
by bemring, speues, fros eartn s Kot feme
nanes | Robinson ot al 1992 ) scm densary of rocraits

was about 3100/ha, or nearly three times that of the

[Hscussion

Restoration programs are often iral-and-crror endeay-
o, bt firmer ecological bases are being developed. For
exampic, recent studics indicate that the pace of resto-
ration and the development of wildlife habitat increase
with greater vegetation complexiny ( Cibwon of sl 1965,
Parmenter et 3l 1985, Schaster & Hutnick 1987 McKcll
1999) The natural value of revegetated Lndfills and
warnidar heghly desnurteed sites could be greatty imprivesd
by lanadscapsing, with attention to this need for vegetstve
compbeary . The prospocts for wsing rosorcd lends 1o
anention (Bradshaw & Chadwick 1980, Carns 15988
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Office of Technology Asscarmont Task Force 1988 ) If
the vegrialion were impeoved, these aress [ which rep-
resenl thousands of hectares of unused kend ) could cone
tribute significanchy 1w kocal biodiversity by adding wild-
lefe hoabwitst that would holp ok rommants of natursl
forosts and wrtbmds. Urbon procnbeits could be on-
hanced oo busfferend. 3nd habetat of &t besss margenal qual
iny could be added to important bind migration <orm:
dom (Kane 1991} On the other hand, foll-scale
undscaping o restolne soch barpe arcas can be probbs-
tively cxpersive A hopchal shernative o that & maodost
plamting of an appropriste mix of AtE SROCHS AN
promote the dovolopmont of divense natural commun
tics A places tha woildd ctherene Fothunn wislelinds

W wre particularty micrestiod in the role of noarty
oM vegeLaton in promoting the rehabeitstion of
dssturbed sites via seoondary succession. By providing
inoculs of appropriate plants and by paying attention L
reprosductive coology, many now individuals and spe-
cies might he added o degraded lands without increas
ing the planting cffort. In this light, static landscape de-
signs should be replaced with dynamic sucoessional
processcs that introduce 2 continuous stream of new
clements. This approach has origins in theotes of “mi-
cleation” { Yarranton & Morrison 1974; Austin & Belbin
1981 ), in which patches of vegettion are seen as joci
fer the rapid spread of invading species (see MoClana-
han 1986, Moody & Muck 19883 The potential of o
cleation Is being explored in restorstion studies
throughout the world Cur results indicate that (1) a
variety of woody species can grow in the highly modi-
fied solls snd open slopes of old landfills, (2) the re
cniltment phases of succession can be stimulated by
planting woody species o promote the invasion of othe
ers. and [ 3 plant size may play a role i detcrmining the
strengih of that stimulafion.

Although survival was high, the restoration: plants in
this study ( chosen on the basis of svailability, sacsthetic
appcal. snd site compatibility) contributed very fow
sodlings. Soils in the mmediane vicinity of plansed
trees and shrubs were covered with 3 mulching Lever of
bark chips { from shroddod conifiers |, and this may have
boen a poot medium for gormination. Alkermatively, re-
removed by herbivores, winch could have been ot
racted o clumped seodlisg [n sy case. this peacral
tosaalt posnts oo the tood 20 MOmEEOr FESIOREtoN st in
crder o determne the Bmours of mtcrral reoreament
uking place 1t aba haghlights the importanoe of repeo
ductive coology in rosSoration | Bradshaw
1983, Abcr 1987, Ashby 19671 A differemt chokce of
spocios mught have yicidod more soed producthon and
spread, and sitentem o caly coproductive capacity
maaght to be incloded in restoration. planning | Robiason
o al 1992}

[P
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Without trec controls, wc can only infer that planting
rees amd aluubs misde 5 substsntial difference B Fooruil-
ment rates. The positive relsonship berween planting
demsities and sumbers. of rocrmits lends. strongah o dus
mtorpecratson. pariculely m bght of our Oomses results
from the rwo othcr bodfll stes. Compared to com-
monly reported seed shadow distances for bird-
dipersed spocies | sec Howe & Smallwood 1982, Hoppe
1958, Sedes 1955, Drbolks et 2l 1991 ) owr estimases of
o railment destenocs arc Quite high, and i lichy ot
rmany rocruds we observed were outlers sbong distr-
bution patés. Faidure to pick up soch cutliers may be 2

in recruitment retes and distance offects underscore the
e 1o comsider the rolc of disperal vwotons in sucocs-
shomy hased restoration programs (Janzen | 988 )

Since plots with propoctionately more troes had
higher recruitment, the simple conclusion s that some
tall species ought Lo be included in restoration plantings
of this rype (although “wall” in this case might mean a
hcight of 2 m). This ssue is an important one i fobest
restoration programs, since larger trees and shrubs
are less likely to survive transplanting, are more suscep-
tihle o the stressful environment of open, exposed
pltes, and carry much higher purchase and instaflation
COHIs,

Several of the newly arrived species (A ilanibus al
fissima, Celastrus orbiculata, Rosa moultiflera, and
Lonicern faponica ) arc highly invasive weeds, with the
capacity o dominate a site and exclude native specics
{Hu 197%; Decker & Enck 1987: Harrington & Howell
1990 ) A management scheme for thewr control should
b part of any restoration protocol, and. since they sp-
pearcd within the firss year, control measures should be
swift. Stumulating namral seccession by snrscting dis-
pemen might be 3 poor technigue wien it leads o the

More-detailed, experimental study will be reguired if
specific restoraton protocols ane o be derived. For o-
ample, whot kinds of species can be counted on for
natury recruitment s which species will need 1o be
artificially introdoced® Are lrper plants, beyond some
thireshold size, more effiective than smalled oncy? How
chose shoulbd maneral send soarces be o comaere opstirmal
dssprral How shaould plamts be distributed to maxmos
pollisation, dsperser attraction, seodling rocnsitment,
and subscguent woodbnd seccemion’ Together, these
sants repecsent the Becd 10 Bclude plant opfodactive
ooology in the concepal background of resorstion
planning Answers to those and smilar questions will
pevvace rmer ecologrcal bases on which to bl sourd
ecrdogical Postoration programs.
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