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Associations between physical isolation and geographical
variation within three species of Neotropical birds
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Abslract

We studied effects of physical isolation on geographical varviation in mtDNA RFLT poly-
morphisms and a suile of morphological characters within three species of neotropical
forest birds; the crimson-backed tanager Ramphocelus dimidiatus, the blue-gray tanager
Thraupis episcopus, and the streaked sattator Saltator albicollis. Variation among popula-
tions within continuous habitat on the Isthmus of Panama was compared with that
among island populations isolated for about 10800 years. Putative barriers to dispersal
were influential, but apparent isolation effects varied by species, geographical scale, and

whether molecular or morphological traits were being assessed. We found no geographi-

cal structuring among the contiguous, mainland sampling sites. Migration rates among

the islands appeared sufficient to maintain homogeneity in mtDNA haplotype frequen-

cies. In contrast, variation in external morphology among islands was significant within

two of three species. For all species, we found significant variation in genelic and mor-

s phological traits between the island (collectively) and mainland populations.
Interspecific variation in the effects of isolation was likely related to differential vagility.
These data generalty corroborate other studies reporting relatively great geographical
structuring within tropical birds over short distances, Behaviourally based traits — Low
vagility and high ‘sensiivily’ to geographical barriers — may underlie extensive diversifi-

catton within neotropical forest birds, but more extensive ecological and phylogeograph-

ic information are needed on a diverse sample of species.

Krivords: birds, dispersal, gene flow, geographical vartation, mitochondrial DNA, Neotropics
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Introduction

Ciographical variation stems from historival evenls and
serme comibination of eagoing processes such as restricted
gene How, selection, mutastion, and drift (Slatkin 1987
Tarmure ef ol 1997 OYReilty of wf 1993 And with the
acvent of modern molecutar studies, evidence s emerging
that the nfluence of historicnd factors

(Zink & Remsen 1986 Fadier 1986, As
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rare among isiand populations (eg Seatin of of 1994;
Blein & Brown 1994 listorical factors are generally
expected Lo be more mfluential in species with compara-
tvely low wvagility (Phillips 1994) Thus, evolutionary
imporiance of geographical barelers and restricted gene
How waries between terrestrial planls and more vagile

vrpanisms such as birds or maring species with plank

tetrophie lervae (Slatkin 1987 Avise 19933,

Barriers Lo dis

wrsial may be especially ofivential on

geographical v

cistion among populations of birds in the
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Iy sedentary and geogra g'vhii'dl features such as rivers and

distunct habitats oy inhibit avian dispersal more effec-

lla 1985, 1992

tively than in temperate reglons (Cappar

Eacalante-Pliggo 1990 Peterson et ol 1992 heutin ¢f of
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inability of neotropical landbirds to bridge discontinuities

v habitat, Other models discount dispersal or gene flow
and emphasize the importance of selection and parapatric
differentiation along environmental gradients (Endler
[U82).

At present, data for neotropical birds are too few to

either corrcborate or refute these different models of

diversification, Comparing the magnitude of variation
among isolated and contiguous populations 15 an effective
means of assessing the mportance of barriers Lo dispersal
ve. simple isolation by distance (]ac‘kwo'n & Pounds 1979,
Ashley & Wills 1987; Baker ef il 1990; Daly & Patton 1990),
Published reports on the genetic structure of neotropical

bird populations in different geographical setings are few,

however, especially for i)é\‘z\ sequence variation and its
covariation with geographical frends in morphological
fraits (bul see Hackett & Rosenbery 1990).

We explored the imporlance of physical isolation and
restricted  dispersal on the magnitude of geographical
structuring within neotropical landbirds, We compared
the extent of molecular (MIDNA} and morphelogical var-
ation among insular pc:pu]mt‘i(ms ol three species on the
Pearl Archipelago {Republic of Panama) with thal among
pee mhimns in continuous habitat {mainland Panama).
Open waler, like that among most of the Pear] Teiands and
between the archipelago and mainland, is thought to
inbibit movements of tropical forest birds (MacArthur #f
#1972, DHamond 1975 Capparella 1992; Febwards 19930
Plere we address three questions: What is the extent ol
peographical variation in mdDNA - sequence polymor-
phism and morphofogicat traits among the maintand sites,
among e islands, and between the islands and main
fand? How do the geographical patlerns of variation in
murphological and genetic traits covary? What do these
resulis imply about the development of geographical var-

ation and processes of specialion in the Neotroplos?

Materials and methods

cabiops and ,‘»—;fu-h SHOC Tes

Phe Pearl Jstands (7 were most recently i Fronm
cach other and the mainiand (e Isthonus of Panama
northewesiorn Colombia) when sea levels rose betwien
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Fig.1 Locations of Pearl Archipelago al present (a) and = 135K
years 510 {b) whoen the contemporary islands were high elevation
areas within the Tsthmus of Panama (From [ Plpemo, personad
commeumnication,

all but one are found on the nearby maisdand (Wright of of.
1985y, Biogeographical snd palacoecological evidence cou-
pled with present-day habltat associations of the P'Lavi
fausa, strongly suggest the preseoce of these species on
the I'I during the most recent insulatizalion event (K
Cooke, D0 Piperng; personal commmuiications).

We visited Fyve istands that span the major axis of the
Soboga (283 ha),
24900 by We

also esio 1ﬁ|1(‘ g‘!E e sites for BTN 1!!1}’ main fandl [’l.}pllgsl

archipelago (Fig. 23 Pacheca (62 ha),

& L

Chapera (178 hal, Botanos (21 ha), and Key

Hons: ’ff\ fantic,’ "Cambos,” and Bumumit” {Fi These

aites were located in cenirat Usnama within velatively con-

Basous habital on the east side of the Panama Canal, The

Pacifie stete of contral Panama is about 56 km from the clos

Y

wot isbarud on the ©

Dislances among maintand siles {ronging from & to

43 kany were shnilar (o the shortest {6k and long

Ve inderdsland distances. Therelore, the potentially
confounding effects of different interaite distances antd iso-
lation by distance were rainimizech

We report on three = SpRCies for which we obtained ade-

quaty sample sizes al mos
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tanaper Therugls episcopus, the crmson-backed anager

and the streaked saliator Selfntor

songbivds (Order Passeriformes)
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*® Pacheca
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g2 Locations of five sampling siles within the Pearl

pelago (o) and three sites in central Panama (b). Location of

Panarma ity s included for reference

with known omnivorows diets (Wetmore of ol 19848 and all
are common to scruh, edges, and second-growth forests
from fowland elevations wp to 1500 m {Ridgely & Gwynoe
19893, The crimson-backed tanagzer has the most restricted
chistribution of the three species and is found from western
FPanama through northeeast Colombia {lsler & [sler 1987},

At present, five subspecies are vecognized based on

plumage varation (Isler & Ister T9R7). The lvluv—;’;z'a-x}f kan-

{3 1uun Blg
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ager is widespread from southern Mexico through Central
Ameriva and most of northern South America, Thirteen
subspecies are currently recognized (Isler & Isler 1987),
Unlike the other species, streaked saltators arve found on
the Lesser Antilles and also oceur from south-western
Costa Rica, south  through Panama to northern
Colombia/ Venezuela, western Ecuador and Peru. Twelve
subspecies are currently recognized and (Paynter & Storer
1970} and Seutin of af. {1993) reinforced earlier recommen-
daticns (Ridgeway 1907} that Antillean populations be
treated as a distinet species. Webmaore of al. (1994) recognize
subspecies unique to the Pearl Islands for the crimson-
bocked tanager (K. . limafus) and the streaked saltator (S,
i speratus), but net for the blue-gray tanager,

Freld e labovatory methods

Captirre and processing of specimens

Birds were caplured in mist nets. From each captured bird,
we extracted tissue (commonly blood) for analyses of
mtRNA and took a series of measurements (see fames
TOH3Y of external anatorny: bill tength, width, and (‘It'pth;
tarsts tength; toe length; wing (chord) length; and tail
length, These characters were measured with electronic
dial callipers or o graduated vuler (for wing and tail).
Individuals released after processing were marked with
wiiguely numbered aluminium leg bands o identify
recaptures. Al but eight of 414 birds were measured by the
sentor author Twenty-two recaptured  specimens were
remeasured o estimate the extent of messurement error.
o

[Mferences between first and second measurements were

not signilticant (paired {-tests, =020 in all tests) and
ranged teomm 5% for bill tength o TU% for wing length.
Tissue collection from most individuals involved punc-

1500l of blood

turing the wing vein and extracting 50~

with either a size 0 svringe (no needle) or a capillary tube.
Atter extraction, the puncture was steritized with dena-
tured alcohol; when necessary, bleeding was stopped by
application of a commercial slyplic powder. Extracted
blood was immediately placed in o LO-ml. cryogenic vial
with TE {10-mst Tris, Ty EDTAY and then stored in o
portable container of Hould aitrogen, In cases of aceidental

death owing to caplure and extraction of blood (537 indi-

vidluals fspecies), we colfected about 1y of pectoral musclk

tHiwsue,

Preparabion and vxtraciion of DA

For preparation of purified mtDNA samples, we also ool

fected heart, liver and, pectoral muscle tissue from about 8

individuals/soecies. In the Held, these tinsues were loune-

dintely Immersed in STEN buffer (2% Sucrose, 10-me
B

o Ultrapuare mtDNA was obtained using a

Tris, 100t EDTA and 10-ma NoCly and stored up o]

wesk at s

cytoplasmic eorichment protocet follewed by caestum chio-
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vide-ethidiuny bromide (EtBr) gradient centrilugation and
Lansman ef of. 1981} H
nuckear DNA refative to miDNA were a significant problem

dialysis {see igh concentrations of
with the samples isolated from blood (see Quinn & White
L987). Therefore, we further puritied the probe mtDONA, to
be used for hybridization, by size fracticnating fragments
with electrophoresis on 1-2% NuSieve TAE agarose gels
(MO BioProducts) and staining with EBtBr. DNA bands
were visualized under long wavelength (preparative) UV
excised with glass cover slips, and purified using lht?
CieneClean kit with the protocol provided (Bio 1013

Totat DNA was extracted from 50-75 ul, of whole bivod
samples by an initial overnight digestion at 65°C (with
rotation in an environmental chamber) in 7251l of TE (10-
mnt Tris, T-mist EDTA, pit 7.5), 20001 of 20% SDS, 25 4L of
proteinase K {10 myg /mb)and 2l of -0 NaCl, Overnight
digestion was followed by two buffered phenol-chloro-
form-isoamyl aleohol (25:24:17 extractions and one chloro-
form-isoamyl alcohol (24:1) extraction. DNAs were precip-
207 for 21y alter addition of (1) 7
wm acelate to a final concentration of 0.79s, and (2) so-

propanol {.57-1.0 of velume resuliing from step 1), Pellets

itated at - A ammaoni-

were recovered by centrifugation at 4°C for 30 min at
15000 g,
reprecipitated al 4°C for 2h after oddition of 150 0L of

ammonium acelate and | mb of ethanol, tollowed by cen-

PNAs were resuspended in 350 pl of TE and

trifugation as above, drying in a speed vac (Savant) and
resuspension in 200 pk of TH.

DINA vestrictiwn endonuclease digestion
Ten microlitres of DNA
cally tepresenting about 1y of DNA, was digested with

from the blood extractions, typi-
20 units of restriction endonuclease following manufactur
ers recommendations {(Bethesda Research Laboratories,
New Hogland Biolabs), For DNA extracted From muscle
INA, B and Tl o
respectively (samples were brought up to volume with

and for purified { f samples were used,
water), Ligests were typivally allowed to proceed
overnight. DN were digested with the following
endonucleases:, Aval, Baptll, Bell, Bell, Belll, Drai, Feoll,
EcolN, Hinctl, Flindlll, Powldl, Sacl Stl, and z\[wl. The

enzymes Al and HJ

achi recognize 530-base sequences; all

Hre shy hasgs,

1.
ulner emeyimes used recos

Hier ol frops!
As were clectrophoresed on Z5-omelong 0.9%,
(1590 T¥i

agarese gels in THE rur ning bufler (GOX =
Borte acid, 011 disodium BDTA, nH

i
about 15h. G were EE‘;(?H denatured i .

Pl 701
1 §;w i r:H.E:u"Et‘v o Zetabind membrane

Tis, 1

EINA was {:‘m't?d&‘r o

01 by placing gels on a southern blot transt

g1 appas
h. Follow: g tranafer blots were washed in
o Aor 2k

Es i aned baked ol

Hybridization
Prior to hybridization, blots were wetled for 2 hin rotating
canisters with 40ml of 0.8x hybridization solution
[2x hybridization solution: 300 ml 20 SCP {2.4-w NaCl,
030 sodivm citrate, 040 NaPO,),
phate, 40mi of

heparin to final volume of 540mL} Probe DNA was

L0 g dextran sul-

% N-laurvl-sarcosine and Img/ml.

fabelled with P

in a random priming reaction using a
DNA tabelling kit manafacturer’s instructions (Boehringer
Mannheim). Unincorporated nudleotides were separated
from the labelled probe by spin dialysis  through
Sepharose CL-6b-200 (Sigma). Labelled probe was then
mixed with carrier DNA (2mg of salmon sperm) and 2x
hybridization solution and added to prehybridized blots.

Hybridization in rotating canisters at 65-727°0 proceeded

for 24-48h. l7i.¥f->fi-”ll\,’L.!J“1L|i/.&l‘iun prm‘t.:th.u‘us mvulvod 3
washes (2= SCP-1% SDS, 0.2 % 5CP-
SCP-0.05% S5 mc_‘h at (:::1- ‘(_.‘

biots under these stringenl conditions further reduced
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w
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contamination problems owing to hybridization with high
concentrations of mitochondrial-like sequences of nuclear
[IINAL

Anafyses

Gieographical palterns nr genetic and morphelogicnd
fritts

We estimated the extent of variation among sites in three
different geographical settings; intermainland, interisland,
and mainfand-island. Genetic data were analysed in sev-
eral ways, We first estimated nucleotide sequence diver-
1O We based our

s—slmrt‘f,l restriction siles

wence (p), as presceibed by Nei {1987,
analyses on the proporion
{using all haplotypes delected within sampling sites, not
weighted by frequency) because in almoost all cases we
wore abile to unambiguously infer sites from fragiocae poo-
filos {sce Ball ef ol 1988). The |
G A0 bp long could not be R'lmi‘?[y visualized and these

stesence of fragments

fragments were usually ignored. We did not include data
from ;1izim‘;uii()gf'a'a|")h.'~' with ambigucus fragment patterns
ot individuals were oflten remoeved  from analyses.
Sample slres for blue-gray tanagers were comparatively
small owing to persistent sechnical problems inanalysis of

their mil)

A samples, Estimotes of poamong sampliog

sites were derived by pooling all haplotvpes within a site
rather than averaging pairwise distances among individu-

als

W also assessed genetic diversity within popualation

different geographical settings Ge maindand and island)
(h, see Avise 1993) This

mebric ranges from 0o near b owith hisher values indicat-

by estimating iu-!;“-?ut'“m,f civersity

Fy pothesis ?Ef‘:?:{:‘*- for geographical subdivision n genet-

fostructure among mainlangd sites, amony slands, and

Sotencs L, 8
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between the PEand mainland were first made with contin-
requencies (Nei 1987),
Independence of rows (sites) and columns {haploty pes)

was evaluated with likeliheod ratio statistics and signifi-

gency lable analyses of haplotype

cance values derived from exact tests using permutation
procedures (Mehta & Patel 1992).

We further tested for geographical subdivision using a
molecular analysis of variance (amova) approach intro-
duced by Excoffier ot al. (1992} and estimated | (enetic)
variance components at hierarchical levels of population
subdivision: (1) within populations (each island or main-
land site); £2) among populations within regions (among
islands or between maintand sites); and (3) between
regions (bebween island and mainland populations),
Significance of these variance components are derived
using, variance ratios {analogous Lo Fostatigt

ics) and per-
mutation procedures. Sums of squares for our analyses
were based on the number of vestriction site differences
between cach ha E,‘!iUEVP&‘ {see Li1976).

We refrained from characterizing sene flow with esti-
mates based on £ because we could not assume thal el
librial conditions !md obtained since isolation. Tnstead, we
used procedures presented by Neigel of af. (1 911 and
MNetgel & Avise (1993) that allow for not-equilibrial condi

tons and eatimate dispersal distance per generation,

For external morphology, we compared sites with s
criminant fenction analyses (DFAY our moetivalion was o
assess dilferences among populalions via formal by pothe-
sti tests. All morphological measurements wore fog-trans.
Formed prior 4o DEA (see Mosimann 197 Darvoch
Mosumann 1985

&

Multivariate Ftests for equality of Sroup

Tabsdel
plfect

alftative summary of results for study of 1solation

sographical variation variation within e species of

Phirdu, & "ves” ingdicates detlection of sie

guiticant varia-
g samipling sites; no’ indicales no signiticant

VAT O

Traits

external

morphiclogy it A

e tanager ey [&I3

fanager

Putative barriers o migration were arparer
bat this effect varie

whether morphological or i

means (over all groups and variabies) were desived from
Willk's lambda (Barker & Barker 1984). Tests for pairwise
differences in group (Le. site) means were derived from
multivariate linear contrasts (Dixon 1990). Significance
tests for the pairwise tests were adjusted with the
Bonferenni ineguality. We derived the proportion of sam-
ple variation explained by the discriminant models {ie. ¥
ewing tesampling location) based ans? =1 - Willds fambe
da (see Cooley & Lohnes 197]; Barker & Barker 1984y,
Eguality of group variance-covariance reatrices was eval-
uated (and inall cases veritied) t by Box's M rest (Barker &
Borker 1984). Al DFAs were run using the BMDT
tine and default settings (Dixon 1990

7entrou-
Based on the recommuendations of Williams & Titus
(1988) For sample sizes in DFA and demonstrated biases in
usit of Maholanobis distances devived From small samples
(Cherry elal, 1982), we deemed sample sizes fo be insutfi-
cient for analyses of external morphology in three cases:
blus-gray tenagers on Bolapds (N 4}, streaked saltators
on Saboga (N=4), and crimson-backed Lanagers on

Chapera (N =

Dhylogeography
We examined the coerespondence between phylogeny and
the geographical d

Buition of mtDNA haplotypes by
| F :

constructing approximate minimum length phyvlogenetic

networks following methods outined by Lansman of af,
{19537 The ge ozraphical [ocations of the b aplotypes werg
then pletted onto the minimum e ngth networks, For
streaked sallators, It was nob always possille Lo delermipe
with confidence that djlferonces in the fragment profiles
were the vesulis of single cleavage site gains or losses

phylogenetic network was not o

iructed for this species,

Patieris

of covariation in Jeegraphical patterns of moer 0l

(..le'u;_z:'.'a].“:h%a‘;l[ pabierns of vartation in umrpiu'»lu;.gimi and
genette data were compared with Mantels test {swe
Pouglas & Endler 19825 Blenents in the malrices of mor
F.'ll“u:!%wg?,ia_n[ data were Mahalanebis distances between siles
(e group centroids), Blements of the wenetic malbrices
wWETe esbimalip: :

sevpuenice ofi

cence i mDNA ()

bebween siies.

Results

influential,

Cspeties, gecpr

swlic trails were being

k)

con-
Ve found no morphological or

subdivision over co
?mza[. ()_n the 17 hﬂplzn\x ;
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crimnson-backed  tanagers  and  streaked  saltators.
Comparisons ol the collective mainland and island sam-
ples were more consistent, except for one test of MIDNA in
the blue-gray tanager, we found significant morphological

and genetic vartation,

Geographical variation in mtDNA

f
amonyg species (mean over all endonucleases: crimson-

stimated sizes of the mtDNA molecule varied slightly

backed tanager =162 kb blue-gray tanager =167 kb,

streaked saltator =164 kby, but we found no evidence of

mtraspecilic mtNA size variation or heteroplagsmy. We
detected over 50 restriction sites within each species; the
proportion of sites that were polymorphic was 12%
(N ) For

the blue-gray tanager, and 20% (N =34) for the streaked

59 for the crimson-backed fanager, 16% (N =55

saltitor On average, over all individuals, we sa mpled an
estimated 0A43% of the miDNA molecule, We analysed all
wland samples except blue-gray tanagers on three islands
(Saboga, Chapera, and Bolands). To achieve desired sam-
ple sizes frov the mainland sites, we combined individu-
als from the Summit and Gamboa sites inte a Pacific’

-

(b}
o] :
,_.,pif{/éfzﬁl SR s, o -
Intar—Mainland inter-lalang {aland —~Maininnd

i HED smony

Greries
pevies,

ki aueentesd for
ation
i blue-gray tanager;

refers to the Athantic ve the

mainland category (no differences were o pparent between
these sites within any species).

Viiriskion between sadiloid sungifing sifes
stimated P-values {x 100) between the Atlantie and

Pacitic sampling sites ranged from (W14% [or erimson-

Table2 Distribution of haplotypes on mainland and island sam-
pling sites. Letlers indicate difteront fragiment profiles for a

pivertendonuclease (see Appendix | for ordern a dash indicales

thinl an envyme did not cut). Blue-groy tanager mUEINA was
analysed for omly two island sites. Numerals indicate number of
individuals. Maplotype diversity (4) was calewlated for the

pocled island and mainland sites

Sampling sile®

Muitandd badansl

Spucies/ haplotype e A

Crimson-backed tanager
CCCDOCCC-CCCCeT K £ £l 2 fi {l (i
DOCCCTCCC !

PIBCCCCC { | { { { & i
CCCCCT-CCCL 2 : { {1 0 } i
ICCTHCC-CCCCC i i (i (1 il i
COCCCCCOCCCC 3 2 13 (i i) (}
COCTDOCC-CUCDOoC li 1 H 4 E 4 ;
COCDCCT-CUCnen il {l t il i { |
COCDOCCCodDme {1 { (¥ [ il i !
Total I A o El A 4 kS
h 0.5
Blue-gray tanoger
CROCC-C0CCTn- ti t [} - {!
CHBOCCC-COCOCe- 2 3 {1 - : {
CRCCCO-CORCCT- { ! ¥ (1
CBOBCCCCCTT il H [ - .
SR L G S A O (3 | {1 - 2
COCCCCLCeee- 2 i} @ - - 3
COCCTTOCT O, Y i a
- i (i | i
BECCCO-CCUCCC- i {1 !
BOCCOO-COCCCD- a0 2 i}
Tt i+ £ i . £
i i O b
noo ;
i T 3] i ;
i g T
i i ! {i !
i i [EEI] B 2 4
i { a0 TR
il { it [#]
i T P i

52 1U9S Blackwell Boiinoe Lid, A
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backed tanagers to 0.48% for blue-gray tanagers (Fig. 3),
Haplotype distributions within each species {Table 2)

saled no evidence of subdivision between mainland

sampling sites (g2, P> 010 for all tests). Similarly, aMova
derived estimates of variation between mainland popula-
Hons were insignificant (F=015) and interlocality varia-
Hon accounted for less than 10% of total sample variation
within all species (Fig. 5y

Varigtion aniong sland sampding siles

Averag

stimated sequence divergence among the island
sites ranged from D.28% for crimson-backed tanagers to
G0t for streaked sallators (g 3) Each species was also
characterized by dominance of a common haplotype on
the 11T

mance was pronounced; all but two crtmson-backed tanag-

domi-

ble 2y For crimson-backed tanagers, this

erindividuals s

npled throughout the archipelago shared
the same haplotvpe. And with one exception (Rev), the

Crimson-backed
tanager

Poanonwai ax

poabseissas incdlon

]

wps. Different
1

vl sites (

Blue-gray
tanager

anid cormprrisons il

eranabysie, all indivichuals

FIROPICAL
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same streaked saltator haplotype dominated each sfand
sample. For blue-gray lanagers, variation among islands
was qualitatively greater than that among the mainfand

and aMova indi-

sites (Flg, 3), but contingency analvses

cated no subdivision among islands within any species.

Virriation betioven ishand aod wainfand soiiples
Estimated sequence differences between the istand and

or ol species. and

mainland samples were at or above 1%
greatest for crimson-backed tanagers (Fig, 3), We found

slgnificant and con

tent differences in haplotype fre-
guencies between the pooled island and mainland sam

crimson-backed tanagers yi, =5
36, P (1005

ples (Table 2

stroaked

P00 blue-pray tanager

e (L009),

sallators yhys= 14 v each species, the

common hapiotype on the mainiand was different from

thal on the ishinds, For the crimson-backed tanager, this

difference was extreme - the predominant haplotype on

Streaked
saltator

norphedogy among poputations

b oan A analyses the ribed

R T SATE




40 oD BRAWN of ol

the 1 was not detected on the mainland. Within all
species, rare haploty pes were found only on the mainland
or on the 1

The proportion of sample varialion altributable to dif
ferences betwoeen the mainland and the 1 (Fig. 3) was sig-
nificant within crimson-backed tanagers (F=0.002) and

streaked saltators (P=1.002). .Rt.\t_*inmi variation within

biue-gray tanagers was slight (¥g. 3, P =034},

Eatisnated dispersal distonces and hmplotype diverstiy

wrated dispersal distances per generation (using mole-
culas data from all ."M)é‘l‘:jj‘iin‘} focations) were 1.2km for the
crimson-backed lanager 2.61an for the streaked saitator,

aned 28 km for the blue-gray tanager.

Haplotype diversity () was cstimated tor the pooled
istfand and mainland samples of each specivs, Values ol

ranged rom 057 10 081 on the maialand (Table 2y and were

lower on the Pearl [slands than on the mainland for all three

apecios (able 23 The decrease i 4 In the Peart [slonds was

sreatest for the crimson-hacked tanager, where, again, only

one haplotype was found on moest islands.

diieal vark

o) lon ih movphalogical trotks

priabion neng wainland sanpling sit

at mapin

Morphologicat differences among pupuhmu

b sampliing sites were slight (Fig.4), Tests for overall

ditferences in group means were nof significant within any

soecies (bloe-eray = (LAY crunson

backed tanager b, _ streaked saltator
e LOHY In ol cases cigenvalues assogiated with

toor second discriminant functions were <1 and

lecation acoosunied for tess than 20% of the sample varia

s oal the

tion, With the exception of blue-gray tanage

Alantic and the Gambos sites (P=0.04), contrasts testing,

forerees wore msisnificant within each

2ot
py siles

wmone-backed Tanaeers omd streaked saltators,

riation among the slands was mere pro

i L b
;o bhe mamian

All pairwise-site contrasts within the crimson-backed tan-
ager and three of six contrasts within streaked sallators
were slgnificant (F tests, P<0.05) No pairwise conltrasts
were significant within the Diue-gray tanager istand sam-
prles.

The magnitude of variation between a pair of island
sites  was  assoctated  with geographical  distance,
Correlations of Mahalanobis distances between group cen-
troids {Le. the average dilterence in morphological space
between two island samples) and geographical distance
between sites reveiled a positive relationship within crim
t

alors
(.09,

son-backed tanagers (r=007) and streaked sal

(= (LG8 but nob within the blue-gray tanager (=

o cstimated correlations were significant, but samples

sizes were small (1= w ithin each species).

abione betieeen =l el ambdad

We found significant differences bebween the pooled istand
and mainland samples within all speces {(Fig o4 crimson-
hacked tanager F
c= 19T P 000 streaked  maltptor F =137,

OO0 The proportion of SO varianoes oxp

Peinod; blue-gray tasager

fained in
the dstand-mainiand comparisens were similar 1o that
founed in the inter-island comparisons {_t*z‘immn backed tan-

cstreakod saltabor, B5% L

ager, DO Blueeray lanager,

weORRpRIcED purlion

Pliglogery an

The comgpruence between phylogeny  (inferred from

UM A parsimony networks) and the geographical distrn

braation of mt haplotypes also varied by species, With

there wis little evi

e crimson-packed tanager

csponoencs hebweon pi'}‘,‘lrng\&_‘ll\.= and geogra

L

sy amony maniand site £ split betwoeen the mam

and amd the PLwas indicated. The haplotypes Tound on

Hyw 1 were net detected on the maindand and these three

chacke in nearly obf root

Raplolypes
ngs ol the parsimon

Ly contrasi, o sorme of the Pl

aciie and Attontic main-

fremnety retlouiatle rature o
ke die posaible rontings
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A key factor for understanding insular hiﬂg(?('l‘ﬂlkl!.T!hi(f
patterns is whether island populations are relicts or estab-
lished by small numbers of colonists (Berry 1986; Flelscher

al. 1991) Rates of evolutionary Cihmgt‘ within insular
populations of small mammals such as house mice (Mus
aescufs), for example, are distinctly greater within popu-
lations founded by colonization {or introduction) than

within relict pepulations on the same islands (Berry 1980).

Similar findings have been presented for reptiles and

mammals on the Calapagos slands (Patton 1984).
Feological evidence indicates that founder events on

-

the PLoare undikely for the spedes considered here, As

nton

explained above, our study species were Hikely prese
the P obefore and after insalarization. Extinction-recolo-
nivation events since the terminal Pletstocene deglaciation
aiso appear wnlikely os alt three species are extremely
abundant throughout the P {Wright of ol 1985 Brawn,
Lm|,mblif\§wd dala), Whereas, natural and anthropogenic
disturbances on the PL may cause fluctuations in abune

dances and periodic disappearances of some species on

some islands (see Wright ef ol 1985), the species consid-
vred here are gencralty more abundant In cdisturbed habi-
Fig. 5 Approsimate minimum length phylogenetic networks sat. Therefore, while population bottlenecks are possible

int

annueting, haplotypes. NMumbers correspond 1o haplotype and even Indicated (see below), the extirpation of these
aumbers in Table 2. Hachares reprosent nmber of infeered species from the entive U1 foliowed by recolonization
restriction changes along a branch, (A Crimsan-backed Lanager

3

‘ ) ) would requite an unusual fand unknown) ecological
wree Dosced i portion of network encloses the island popuada-

! . ot - ol \ . eyvent,
tions, which are monophyietic In any rooting esvepl along

Branches between 78 and 7-9. (1) Blue-pray tinager in which no Chne seenario with respect to structuring in mtDNA s
region formed an obwvions monophyletic clads, that the diversity and frequency of haplotypes were
Far throwghout the Isthmus of Panama before deglaciation

) R

(as they appear on the maintand todayy Dispersal was

S1m-

subsequently reduced over the wide water barvien and fre-
son-bavked tanagers and streaked saltators (Bluegray tan guencies of baplobypes chinged on the P1owing 1o drift,
ager dats were not analysed because we could vse only Loss of haplotvpes o the PEmay have been particalarly
- Maty

cal comparisons were positively correlated for the crime haploty

T

landd sampl jees of genetic and morphoiog- lmpm tant with crimson-backes! fanagers as only a single

¢ was found on neary 2-551 islands, The aear fixa-

son-backed tanagers chavacter sets {r=0.64 for element- ton of this haplolype suggests the occarrence of popula

bveeloment correlation). Mantels tesl, howover, Tailed o tion bottenecks since deglacialion with offects that ove

reject the null hypothesis of no association between the :-:Jf_w{&-‘e.? cwing o fow rates of dispersal betweon the Pland

fwo date sels (P= 125, [ G05), A slight negative associa- spersal over smaller woter barviers by all

was evidently subficent o prevent inter

CHen owas found between the two matrices for streakedd

023 Mantel test, =079 P =10

saltators (1 405, shonel ditfereniiation in o

irnnortant
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report red woed rates MEDNA or cplINA gene flow across
contact zones (summarized in Avise 1993). Regardless of
tme scale, our results appear to corroborate theory (Birky
ef al. 1989) ;md add to growing empirical evidence {Avise
1993) that identifies reduced migration and random sam-

phng of haplotypes as major sources of gesgraphical struc-

ture iy mEDNA variation.

The magnitude of iselation effects (MIDNA and mor-
|'1§'ac_!lt)g\') was greatest with the crimson-backed tanager
and least with the Diue-gray tanager Indirect evidence
sugeests this variation reflects interspecific differences in
vagiiity. Mac Arthur et al, (1972 examined the distributions
af PUbirds throughout Central and South America and
concluded that the crimson-backed tanager is the least

vagife ot our three species, Our estimates of dispersal dis-

tances per generation contlrm that velative vagility varies

among the three species. Personal observalions (we often

observed Dlue-pray tanagers over water) and anecdolal
reports from residents on the PLalso indicate interspecific
differences in vagility, Whereas data on more species are
needed, these resulbts illustrate that differences in life his-

tories may leod to different rates of diversification

VeI

ina stmilar geographical setting and historical framework.
Geographical survevs of plants and animals commuoniy
reveal different geographicat patterns in genetic and mor-
phological trails (summarized in Hlillis 1987; Avise 19933,
I the present study, interlecality varintion was qualita-
vely greater tn morphological than in genetic traits, espe-
cially among sland populations of celmson-backed tan-
agers and streaked soltators, Greater varation in morphol-
opy i common among conspecific popadations of aguatic
and  terrestrint vertebrates (Avise & DBall 1991, Zink &

Diteman 19934 and expected  with comparizons o

organelie DNA {neatral variation from one locus ina hap-

loid state) and morphological variation under polygenic
control and at teast partially responsive 1o selection (FHlis

I Demegraphic studics oa the Peart Islands assessing

ence of seleclive processes on morphology appear
warranted,
Furthormaore, the 1'{1:!:‘;‘*11()%2iu'll variation we detected

Y Fave an environmental co nponent. Variation in the
I

irds {James 19833 fisn {(Mever

external morphology of

anl a‘:tiu‘:g' animals (van z\!m: ik

l‘»1~

vs_m..m.n,wi--

Redyuced with the crim-

coed tanaver and Hw biT'{-’;zltﬂ-‘e,[ saftator coutdd there-

fore load 1o detectable variadion amony the

Land popula-

tons even  maorphotosical varintbon

b e e iy
Fand maintand

ired o evaluate the mapnituds

fbany,

Liaplications for avies dive)

the Neotropics

fmf (0 errid SRECIHEON (1

Recenl studies report that geographical variation within
birds is deeper and more linely structured in the
Neolropics than atl temperate latiludes (Capparella 1988,
1992, Tlackett & Rosenberg 1990 Pelerson of gl 1992,
Eacatante-Plego 1992 Seutin of al. 1993, 1994), Com-
paratively great genetic divergence within (and among)
nectropical species has prompted  suggestions  that
neotropical taxa are older than their temperate-zone courn-
terparts {e.g. Escatante-Pliego 1992 A finer scale of diver

sification suggests either g

Li‘i&'.& in habitat (Capparella 1992) and the importance of

reater sensilivity Lo discontinu-

educed gene flow, the selective influence of comparative-
Iy fine-scaled envirommental gradients (Endler 1952), or
boiin

Al the di,’?ﬂ{'iplf\"t‘ level, our results are partial

¥ COTISES-

tend other survevs of tropical species. We sampled al
ralber geographical scale than have most prwmut. tropi-

mi studies and, for bwo of Hree species, genetic distances

between the Pand central Panama (again, :a‘v[:nil'alvd by

aboul B ki) exceed those [ound i many continental sur
viys of lemperate bivd species (e Ball of 2/ 1988 Moare
ef ol 99T Zind 19491,

observed also exceeds those fownd between sland and

The islandamaintand divergence we

ralniand populations of North American songbirds (Hare
S Shields 1992; Zink & Dittman 1993,

Our resulls therefore iden

v physical isolation and

reduced dispersal potentially key factors underlying

geographical variation in at least some tropical spec
Chver similar distances, gl.'ugl'dphitai structuring was

greater with barrlers o dispersal than without,

Bportantly, our study species are more vagide than
IMary T\E'M?("i(‘i‘w inhabiting the interiors of expansive forests
America (1 Bat
Ti

Lirds to geographical barriers and disturbances that infer-

111 Soud es, A Capparelbn, personal com

:'m_m‘;a‘ggl%(vn:‘w} 1wes, the sensitivity of many tropical fores!

raezt habitat may be greater than those reported heres A
reslistie expectation is that the .!nxw,r]it.{.u.ie of gecgraphical
vardlalion will VATY BENOIY S00CS W tan and {'u;@_\;«,ﬂghr,_"n chif

terent latitudes, Latitudinal i"umparisum should also he

based snsamplies and methods that generale similar

dution for shival stroacture.

AN

.
Ying
Pherefore, we join Seatin of of {1994) in encouraging o

careful, cimpiric based app sroach b latitadinal compar

[S3E tructure and processes of di
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Appendix 1

Fragment profiles
from RELP analyses of
mtDNA. Letters refer
ko arbitrary name for
fragment profile.
Numbers are estimat-
ed lengths (bp) of
fragrents, - indi-
cates no culs or a sin-
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