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ABSTRACT

The main objective of this paper is to assess the genetic structure and
residence preferences of the populations that inhabit the Honduran
Moskitia, awide areaof tropical rain forest that comprisesthe Department
of GraciasaDios, intherepublic of Honduras. For this purpose, common
isonymy parameters within and between parishes, as well as residence
patterns using both surnameswere calculated fromalist of 22,961 electors
at 54 villagesor towns, grouped in six municipalities. High Isonymy values
were obtained from all the communities and predominance in patrilocality
in most of them, revealing a highly structured, patrilocal population com-
posed mainly by relatively isolated communities. Analysis of isonymy be-
tween communities revealed the most probable historical migration routes
and relations among locations. Evidence of an early relatively homoge-
neous peopling of the region followed by high differentiation between
communities was found. The findings suggest that the Department of
Gracias a Diosis a structured population composed mostly by communi-
tieswith high endogamy and genetic drift, which makesit suitable for the
performance of genetic studies on mendelian or complex diseases. The
capital city of the department, Puerto Lempira, may be the only one experi-
encing a fast urbanization process. © 2011 Trade ScienceInc. - INDIA
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INTRODUCTION

Theidentification of isolated human groups may
result convenient for medica genetics, asfor instance,
prior to studieson complex trait loci or Menddiandis-
eases. Founder events produced upon foundation of
townsand genetic driftin small populationschanged-
Idicfrequenciesand thus, could increase susceptibility

genetic variantsthat might be otherwisedifficult to de-
tectinlarge, urban populationsthrough dlelic associa-
tionstudies.

It may be convenient to consider multiple popula-
tionswhen searching for candidate genesin complex
diseases® 2, and rural populations might be adequate
for thistypeof studiesdueto thehigh linkage disequi-
librium and genetic homogeneity observed inthemi®4.
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Highinbreeding increasesthe proportion of homozigous
loci, and consequently the proportion of inherited re-
cessivedisorders® ¢, Theeffectsof severa factors, as
migrations, inbreeding, and consanguinity avoidance
through an gpproach based on theanaysisof surnames
(namely isonymy) can offer importantingghtsintheas-
sessment of popul ation dynamicsand genetic structure
of isolatesthat could aid in designing biomedical and
genetic studies™,

The Honduran Miskito territory, or Honduran
Moskitia, isawidearea (16,630 Km?) of tropical rain
forest spanning the Department of GraciasaDiosin
Honduras, which comprisessevera protected natural
habitatsincluding thePlatano River biosphere reserve,
thewildliferefugesof Caratascaand Guaimoreto la-
goons, and the KrutaRiver biological reserve. Itshu-
man populationisdispersed, forming smal, rural vil-
lages, all of which arelocated closeto rivers, lagoons
or the Caribbean coast. The Capital city, Puerto
Lempira, isamulticultura center with thelargest popu-
lation of theregion. The population of the Honduran
Moskitiais comprised mostly by the Miskito ethnic
group, an admixtureof Black Africans, Amerindians,
British and Spaniards. Other groupsinhabitingthearea,
athoughinsmall numbers, arethe Tawahkas, the Pech
(bothAmerindian), the Garifuna (Afro-descendant) and
the Ladinos (admixtureof Spaniards, Amerindiansand/
or Black Africanswithout aclear ethnic affiliation)™2.

It isbelieved that the Miskito mergedin the 17t
Century, when two shipscarrying Black African Slaves
wrecked near the Cape of GraciasaDios, inthe Cen-
tral American continental Caribbean coast. The Black
Africansadmixed with NativeAmerindians(Tawahkas)
descendants of South American Chibchas. The new
ethnic group came to be the Zambo-Miskito (or
Miskito, solely). From Cape of Gracias aDiosthe
popul ation expanded, dominating other indigenous
groups and peopling the coast and river shores of what
is now called the Honduran and Nicaraguan
Moskitia®®. Although thisisthe most accepted hy-
pothesis, theorigin of the group might have been rather
complexi*¥, In addition to African and Indigenous an-
cestry, other minor contributionsto the Miskito ge-
netic pool include English, Spanish, Creole, Carib, Syr-
ian and Chinesg®®.

Theexigtenceof somespatid differencesinthege-
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netic compositionin Miskitoshasbeen proposed: stron-
ger Black African influencesinthe populationsto the
north, near Cape of GraciasaDiosand throughout the
coast, and apreponderance of American Indigenous
contribution to the South, reflecting the geographical
location of the shipwreck™, It is possible that the
confluencewith the Garifuna ethnic group in the west of
the department*® might have rai sed the African com-
ponent.

Inthe 17" and 18" Centuriesthe Englishmen, in
ther strugglesagaingt the Spaniardsfor thedomination
of the Caribbeanterritories, established good relations
with Miskitos. Inthat timeanimportant English gene
flow into the Miskito group might havetaken place*”.
In 1786 Spain and England signed atreaty forcing the
latter to abandon Honduran territory3. Since then
Spanish genetic and culturd influences, whichmay in-
clude bestowing of surnames, have predominated. At
present, thereis somegenetic and phenotypic evidence
of the predominance of the Indigenous component in
Miskitos, assessed from astudy in apopulation from
Nicaragud®; however, information regarding the adop-
tion or transmission of surnamesintheinitial admixed
populationsintheregionisscarce.

Theaim of thispaper isto determinethe structure
of thecommunitiesthat composethe Honduran Miskito
Territory, therel atednessamong them, and the predomi-
nant residence patterns of their inhabitants by an ap-
proach based on Isonymy. Several papers have been
published presenting dlelicfrequenciesof forensicau-
tosomal DNA markersin Honduran general popula-
tion™® andin Garifuna populations that inhabit the Car-
ibbean coast of the country!®2; nonethel ess, no stud-
ieson thestructure of thecommunitiesof theHonduran
Moskitiaus ng surnamesor genetic markershave been
published to thisday.

MATERIALSAND METHODS

Sample

Thelistsused for the analysis of surnameswere
taken from the database of thenational € ectora office
of Honduras. Surnames of 22,961 electors over 18
yearsold, at 54 villages or towns, grouped inthe six
municipditiesof the Department of GraciasaDioswere
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Figurel: Map of the Department of Graciasa Dios. Namesof main river sand lagoonsar e shown. Numer ated dotsr epresent
thecommunitiesunder study: 1.Batalla, 2.Palacios, 3.Plaplaya, 4.bans, 5.Cocobila, 6.Belén, 7.El Limonal, 8.Las Marias,
9.Rio Platano, 10.Tuitanta, 11.Brus Laguna, 12.Barra Patuca, 13.Paptalaya, 14.Ahuas, 15.Wasma, 16.Wawina, 17.Uji,
18 Aurata, 19.Warunta, 20.Krata, 21.Yahuabila, 22.Cocodakr a, 23.Dapat, 24.Prunitar a, 25.Palkaka, 26.Tasharraya, 27.Puerto
Lempira, 28.Wawplaya, 29.Sirsitara, 30.Halavan, 31.Tailibila, 32.Yamanta, 33.K anko, 34.Kruta, 35.Usbila, 36.L aka Tabila,
37.Tuntuntara, 38.Mocor én, 39.Pakui, 40.Benk, 41.Raya, 42.Clupki, 43.Mangotara, 44.Iralaya, 45.Tikua, 46.Kuri,
47.Tikiraya,48.Tipilalma, 49.Auka, 50.Wampusirpi, 51.K rausir pi, 52. Tukrun, 53.Ahuasbila, 54.Suji.
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analyzed (seeFigure 1 for geographiclocations).
I sonymy, F . and Fisher’s a within communities

In Hondurasasin most LatinAmericatwo surnames
areused (thefirst onestrictly patrilinealy transmitted
and the second oneinherited from the mother). Ran-
domisonymy, whichisroughly four timestheinbreed-
ing coefficient F_, was cal culated by the method first
described by Crow & Mange extended to include both
surnames’?Y, Theestimation of randomisonymy from
both surnamesin the present generation may beequiva
lent toitsestimation from marriagedi spensationsin the
prior generation. Briefly, random component of isonymy
(I) withinagiventerritory or subdivisonwould bex P?,
whereP. isthefrequency of surnamei. Jorde& Mor-
gan noted that this expression applied to the pooled
databases of first and second surnames (databases of
maes’ surnames and females’ surnames in the case of
marriage dispensations) is essentially equivalent to
2.P.Q, where P, isthe frequency of surnamei inthe
database of first surnames, and Q. isthefrequency of
surnamei inthe database of second surnames?.

Fisher’s a is a measure of the effective number of
surnames, andisca culated astheinverseof 11221, High
valuesfor a would be observed in communities with
highimmigration, whereas|ow va ueswould correspond
toisolated communitieswith high genetic drift.

Additiond parametersused asmeasuresof surname
diversity includeestimators B and C, which arethepro-
portions of the seven and thefifteen most frequent sur-
names, respectively'?. High vauesfor these estima-
torswould be obtained inisolated communitieswhere
few surnamesrepest in ahigh percentage of the popu-
lation.

| sonymy between communities

Thismeasure dependson surnamesharingamong i
andj communitiesand isafunction of thekinship be-
tween them®. It is calculated as |, =%, P, P,,, where
P,andP aretherelativefrequenciesof surnamekin
theith and jth community, respectively. For theestima-
tions, thelistsof pooled first and second surnameswere
used. A high valuewould be observed in case of two
communitieswith short splitting timefrom common an-
cestral origin and/or high migration ratesamong both.
Cadl culationswere performed over the community and
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municipdity levels. Here, Isonymy between communi-
tieswill be sometimesreferred to as ‘Isonymyc rela-
tions’ or ‘relations’ solely. Lasker’s distance was cal-
cul ated from values of isonymy asL=-(log I, )"
Itisworthto say that interpretation of isonymy be-
tween and within popul ationsrely on various assump-
tionsthat arerarely accomplished in real human popu-
lations. Theseassumptionsinclude, but arenot limited
to, monophyletic surnameoriginsand minima changes
dueto name changes (mutations). Effectsof violations
of these assumptions may vary from work to work,
lowering the confidenceof thekinship cd culations, nev-
erthel ess, theinformation may be useful inacompara
tive manner withinagiven territory®!. For areview on
isonymy seereference 29 and referencestherein.

Residence patterns

Sex-specific differencesinmigration rates are ex-
pected inmatriloca and patrilocal societies. Uxoriloca
residence(i.e. matrilocdity) impliesthat womenremain
intheir natal villages after the marriage, whereasthe
oppositeoccursinvirilocal (i.e. patriloca) groups. Dif-
ferencesin migration rateswould bereflected on vari-
ability of sex-specific markerg® 1, Similarly, incoun-
triesinwhich two surnames are used, differencesin
random isonymy val ues between first and second sur-
names may reflect residence patterns (and hence, dif-
ferencesin migration rates between men and women)
inthe parental generation. Some authors havetaken
advantageof thisfact to obtain rdiablevad uesof isonymy
and to assess residence patterng6 32 33, Higher ran-
dom isonymy valuesfor first surnames compared to
second surnameswoul d correspond to patrilocdity, and
lower values, to matrilocality. Percentages of thetwo
dternativeres dence patterns(relativeto each other) in
each village or town were estimated using random
isonymy cal culated separately from each (first and sec-
ond surnames) list. Briefly, patrilocality was ca culated
as (11SN/(11SN+1239N))X 100, and matrilocality as
(12SN/(11SN+129N)) X 100, where 1SN and 129N are
therandom isonymies estimated for first and second
surnamesrespectively. It isimportant to emphasizethat
thisapproximation may provideinformationonresi-
dence patternsin the parent’s generation only, and it is
usdess(byitself) todeterminehistoricd differentia mi-
grations, or historical shiftsintypeof residence.



160

Surnames in Gracias a Dios: Population structure and residence patterns

RRBS, 5(4) 2011

Reguler Peper ==

In Honduras, natural persons (i.e. with only one
surname) arethose not recognized by their fathers, and
therefore, inherit their surnamefromtheir mothers. In
order toavoid additiond biasin petrilocality and matrilo-
cdity estimations, e ectorswith only onesurnamewere
excluded from dl analyses. Fortunately, the number of
such casesof illegitimacy inthelistsof voterswasrather
low (71.5%). Analyses were performed for the three
hierarchica levels communities municipditiesand over-
al department.

RESULTS

A grand total of 4,057 different surnames were
foundinthepooled|list of first and second surnamesin
GraciasaDios. TABLE 1 showsthe 50 most common
surnames and their occurrencein the overall depart-
ment, aswe | asineach municipality. The 10 most fre-
guent surnamesared| of Spanish origin, with theex-
ception of Wood, which occupiesde 7" place. Of the
50 different surnamesinthelist, 14 (28%) are of En-
glishorigin.

Some surnames probably originated in Honduran
territory, such as ‘Honduras’ and ‘Tela’. The first and
second most frequent surnames in Gracias a Dios
(Martinez and Lopez) are the fourth and third most fre-
quent inWestern Europe, respectively, whilst the most
frequent in Western Europe (Garcia) is the sixth in
GraciasaDios(alist of themost frequent surnamesin
Western Europe can befound in reference 34).

Singletons (i.e. those surnames occurring oncein
the database) were found in a proportion of 0.0459.
Thelocality with the highest proportion of singletonsis
Puerto LempiraCity, with0.0973. Many of thesesingle-
tonsare probably mutationsdueto errorsin transcrip-
tion at the peopleregistry. For instance, AllanandAllin,
both sngletons, may bemutant derivativesof Allen (with
an occurrence of 139 in thewhole database). More-
over, many transcription errors might have propagated
inthe populationin past generations, raising thediver-
sity of surnames, resembling a process of increased
genetic differentiation by mutation that may lead to an
overestimation of geneticdiversity. Thismechanism of
surname diversification wasfound to befrequentin
GraciasaDios. Asan example, thesurname ‘Beneth’
(n=203) might have mutated to theforms Benett (n=19),

TABLE 1: Fifty most frequent surnamesin thepooled listsof
first and second surnamesin overall Gracias a Dios, and
their occurrencein each municipality

Surname Overall PL? A® BL® JFBY vM® W'
MARTINEZ 1066 375 111 179 218 88 95
LOPEZ 1005 345 252 231 104 51 22
FLORES 756 459 40 70 28 67 92
GOMEZ 520 403 29 45 16 12 15
ZELAYA 497 124 102 77 39 10 145
GARCIA 449 331 38 25 11 27 17
WOOD 424 103 20 287 4 7 3
ALVAREZ 419 184 16 122 81 7 9
GONZALES 416 161 36 97 63 3 56
PEREZ 385 168 14 18 15 156 14
CRUZ 38 82 18 55 20 5 178
ORDONEZ 3B 99 181 25 1 3 47
COOPER 334 231 34 59 0 1 9
PAISANO 312 52 37 206 10 6 1
MEJA 281 101 8 99 58 7 8
HAY LOCK 268 255 4 2 O 7 0
RODRIGUEZ 250 71 46 31 38 38 26
PADILLA 245 139 2 9 9 82 4
RONAS 245 112 29 81 15 7 1
MENDOZA 242 51 15 7 9 76 84
WILSON 240 81 41 71 4 9 3
HERNANDEZ 239 47 2 36 78 5 71
WILLIAMS 239 128 21 5 13 69 3
WALDAN 237 34 24 2 0 133 44
RICHARD 232 218 0 2 2 10 O
TRAPP 229 32 43 144 2 7 1
CALDERON 213 100 9 4 3 79 18
REYES 213 117 39 36 7 8 6
SAMBOLA 212 196 2 0 0O 14 O
MORALES 208 9 22 11 20 59 O
BENETH 203 108 8 8 0 1 1
GUTIERREZ 200 105 41 9 42 1 2
MENDEZ 188 120 21 13 6 21 7
SANCHEZ 184 37 2 5 11 6 123
THOMAS 184 48 7 40 69 19 1
SUAZO 181 8 2 10 77 1 4
ROSALES 178 73 13 16 5 54 17
BALDERRAMOS 175 36 94 11 1 27 6
NIXON 175 138 25 5 1 4 2
TAYLOR 175 81 24 33 1 3 1
MARCELO 170 162 4 3 0 1 0
BROWN 168 146 13 3 2 4 0
GREEN 67 94 5 2 5 14 0
FERRERA 165 11 93 54 2 1 4
SMITH 160 65 36 45 9 5 0
ZUNIGA 160 43 2 51 2 53 9
VALERIANO 60 37 9 105 7 1 1
MILLER 154 22 10 118 1 3 0
SALAZAR 154 84 40 18 3 6 3
TELA 153 92 0 17 3 34 7

Puerto Lempira, Ahuas, Brus Laguna, Juan Francisco Bulnes,
Villeda Morales, Wampusirpi
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TABLE 2: Parameter scalculated from surnamesin 54 communitiesat 6 municipalitiesof the Department of Graciasa Dios
(Honduran M oskitia)

Community N° ND1S' ND2S TNDS 1 FST' o" P M°
Ahuasbila® 135 79 83 29 0.01435 0.00359 70 49.46% 50.54%
Suji? 332 142 133 221  0.01706 0.00426 59 4455% 55.45%
Mocorén? 502 163 186 274  0.01425 000356 70 51.88%  48.12%
Cocodakra® 397 151 176 268  0.01817 0.00454 55 58.69% 41.31%
Wawplaya® 89 40 47 74 0.05093 0.01273 20 46.43% 53.57%
Sirstara® 261 111 108 175  0.02077 0.00519 48 50.39%  49.61%
Aurata® 133 59 75 113 0.03027 0.00757 33 65.95% 34.05%
uji® 363 124 129 197  0.02141 0.00535 47 51.76% 48.24%
Tansin (Tasbarraya)® 511 169 167 268  0.03286 0.00821 30 41.74% 58.26%
Palkaka® 375 134 140 213 0.01857 0.00464 54 50.93%  49.08%
Auka® 676 177 195 297  0.02459 0.00615 41 53.03% 46.97%
Krata® 497 185 190 307  0.01623 0.00406 62 46.22% 53.79%
Y ahurabila® 306 135 155 244 001235 0.00309 81 54.45%  45.55%
Puerto Lempira City? 3072 771 913 1235  0.00429 0.00107 233 59.62%  40.38%
Tipilaima® 374 158 167 258  0.01405 0.00351 71 46.84% 53.16%
Laka Tabila® 610 180 202 305  0.02105 0.00526 48 40.39%  59.61%
Tuntuntara® 269 108 121 186  0.02351 0.00588 43 53.94%  46.06%
Prunitara® 247 100 112 180  0.02489 0.00622 40 54.23% 45.77%
Kuri® 320 128 144 210  0.01651 0.00413 61 4856% 51.44%
Tikiraya® 444 136 161 246 0.03029 000757 33 55820 44.18%
Dapat® 488 169 203 300  0.01787 0.00447 56 61.75% 38.25%
Tailibila® 153 82 88 143 0.02649 0.00662 38 45.41% 54.59%
Tikua® 144 85 98 161  0.01676 0.00419 60 59.71%  40.29%
Kanko® 109 59 61 9 0.02609 0.00652 38 56.68%  43.32%
Y amanta® 104 45 55 80 0.02972 0.00743 34 5578% 44.22%
Halavan® 310 138 151 235  0.02137 0.00534 47 7235% 27.65%
Brus Laguna® 1175 336 328 516  0.01345 0.00336 74 50.79%  49.21%
Barra Patuca’ 909 222 252 369  0.02261 0.00565 44 51.21% 48.79%
Belén® 318 130 126 205  0.01289 000322 78 44.01% 55.99%
Cocobila® 339 115 118 181  0.02082 0.00521 48 46.92%  53.08%
Las Marias® 172 75 82 129  0.02287 0.00572 44 5130% 48.70%
Rio Platano® 425 137 164 244 001518 0.00379 66 53.77% 46.23%
Tuitanta’ 286 114 117 190 0.0383 0.00958 26 58.77% 41.23%
Ahuas’ 659 233 238 360 0.0125 0.00312 80 52.61% 47.3%
Paptal aya’ 636 177 213 300 001616 0.01608 16 53.47%  46.53%
Wawing® 630 165 192 281  0.02746 0.00686 36 46.66% 53.34%
Wasma"® 299 92 83 138 0.03277 0.00819 31 44.95% 55.05%
Batalla’ 535 114 112 167 0.0284  0.0071 35 50.01%  49.99%
Ibans’ 491 165 183 273  0.01823 0.00456 55 50.78% = 49.22%
Palacios” 378 140 148 220  0.01361 0.0034 73 46.29% 53.71%
Plaplaya’ 269 107 105 163  0.02362 0.00591 42 51.06% 48.95%
El Limonal® 134 64 76 115  0.02498 0.00624 40 53.60%  46.40%
Raya® 510 97 196 324 001159 00029 86 49.79%  50.21%
Benck® 350 126 130 208  0.01956 0.00489 51 46.25% 53.75%
Clupki® 225 68 69 111  0.05659 0.01415 18 5557%  44.43%
Kruta o Wal patara® 359 140 143 224 0.02321 0.0058 43 44.82% 55.18%
Iralaya® 321 109 119 186  0.01989 0.00497 50 54.43% 4557%
Usibila® 194 71 75 115  0.04258 0.01064 23 49.01%  50.99%
Mangotara® 191 81 90 139  0.01682 0.0042 59 5265% 47.35%
Pacui® 195 81 84 138 0.02101 0.00525 48 51.80%  48.20%
Wampusirpi' 791 209 214 33  0.01856 0.00464 54 49.49%  50.51%
Krausirpi' 422 92 9 146 0.04143 0.01036 24 54.95%  45.05%
Tukrun' 427 109 109 170 0.02912 0.00728 34 52.06% 47.94%

Puerto Lempira, Brus Laguna, Ahuas, Juan Francisco Bulnes, Villeda Morales, Wampusirpi, Number of users, Number of different
first surnames, Number of different second surnames, Number of different surnames, Isonymy within locations calculated from the
pooled lists of first and second surnames, Inbreeding coefficient calculated from isonymy, Fisher’s a, Patrilocality, Matrilocality
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TABLE 3: Parameter scalculated from surnamesin the 6 municipalitiesof theHonduran M oskitia

Community N ND1S ND2S TNDS I FST o P M
Puerto Lempira 11221 1612 1974 2653 0.00382 0.00096 262 53.25% 46.75%
Brus Laguna 3624 641 729 1037 0.00870 0.00218 115 52.79% 47.21%
Ahuas 2324 462 529 749 0.01042 0.00261 96 52.14% 47.86%
Juan Francisco Bulnes 1807 363 401 568 0.01153 0.00288 87 47.14%  52.86%
VilledaMorales 2345 533 583 869 0.00724 0.00181 138 51.50%  48.50%
Wampusirpi 1640 302 298 465 0.01659 0.00415 60 52.21% 47.79%
Mean (unweigthed) 3827 652 752 1057 0.00972 0.00243 126 51.27% 48.73%
Overall 229061 2447 2997 4057 0.00366 0.00092 273 53.13% 46.87%

Benet (n=15), and Beneht (n=3). While someauthors
have solved the problem of mutationsby merging smi-
lar surnamesinto asingleone®, doing soin Graciasa
Dioswould beacomplex and confusing task duetothe
abundanceof thisphenomenon, complicating rather than
amplifyingtheandyss

Common parametersinferred fromfirst, second and
pooled surnamesin 54 communitiesof the Honduran
Moskitiaareshownin TABLE 2. The highest random
Isonymy val ue correspondsto the village of Warunta
(ID codeinFigure1 =19). Wenotethat al communi-
ties, with the exception of Puerto Lempira(1=0.00429),
show valuesof random isonymy over 0.01, and most
over 0.02, which might be aconsequenceof high ge-
netic drift and/or endogamy. TABLE 3 shows param-
etersfor themunicipdity leve. Indl municipdities, with
the exception of Juan Francisco Bulnes, patrilocality
predominates (higher vauesfor randomisonymy from
first surnameswhen compared to valuesfrom second
surnames).

Thetenmogt isolated communitiesin GraciasaDios
are shown in TABLE 4. For these communities,

TABLE 4: Ten most isolated communitiesin Graciasa Dios

Community I Estimator B Estimator C
Warunta 0.0643 0.5400 0.6850
Clupki 0.0566 0.5133 0.6378
Wawplaya 0.0509 0.4278 0.5889
Usihila 0.0426 0.4510 0.6031
Krausirpi 0.0414 0.4491 0.6540
Tuitanta 0.0383 0.3322 0.4476
Tansin(Tasbarraya) 0.0329 0.3425 0.4618
Wasma 0.0328 0.3645 0.5602
Tikiraya 0.0303 0.3547 0.5000
Aurata 0.0303 0.3684 0.5075

unweighted mean random isonymy (UMRI) was
0.0420, whilethisvalueisreduced to 0.0236 for the
Hlocdities. UMRI for themunicipdity level waslower
(0.0097), revealing somedegree of differentiation be-
tween municipalities. Tofurther investigatethe main
sourceof differentiation withintheterritory (amonglo-
calitiesor among municipalities), anaysesof variance
for eechmunicipdity and for thewhol e department were
performed. Inal cases, variancesfor locality level (in
each municipality) were higher than variancefor mu-
nicipdity level (datanot shown), conagtentwithaneatly,
relatively homogeneousdistribution of surnamesinthe
territory, followed by ahighlocd differentiation dueto
geneticdrift and high endogamy.

High correlationsbetween different measuresof sur-
namediversity werefound. Particularly, distribution of
vauesof estimator B gppearsto beapotentia function
of randomisonymy (Figure 2).

0.70

Estimator B

0.00

0,02 0.04 006

lsanymy
Figure2: Dispersion graph of valuesof estimator B (Y axis)
and random isonymy (X axis). Estimator B appearstobea
function of random isonymy. Theeguation that best fitsthe
dispersion is B=2.5595|9%% (R?=0.9361).

0.08 0.10



RRBS, 5(4) 2011 Edwin Francisco Herrera Paz and Delmy Aracely Mejia Mejia 163

> Regulor Paper

Huka

49

i Place

Bl ﬁ"

& hanibila
ad s

Figure3: Isonymycreationsbetween communitiesand o values within communities. All values of pairwise isonymy above a
valueof 0.007 (ar bitrarily chosen asthreshold) arerepresented by lines. Linewidthsar e proportional to pair wiseisonymy
values. Circlesin theinserted squarerepresent the communities. The area of acircleisproportional to a value for that
community. Bigger circlesdenotehigher surnamediversity.
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TABLES5: Matrix of geographic disancesin Kilometers(be-
low diagonal) and L asker ’s distances (above diagonal) between
pairsof municipalitiesof the Department of GraciasaDios,
Honduras.

PL A BL JFB VM w
PL - 24895 25498 25166 2.6098 2.5528
A 63 23003 2.3631 25815 23216
BL 99 39 23124 2.6776 24413
JB 152 90 53 2.5902 2.3056
vM 57 121 156 206 - 2.5294
W 90 47 67 99 143

Re ationsbetween communitiesinferred from high
pairwiseisonymy aregraphicaly represented in Figure
3. Although many of theserel ationshipsare stronger
(wider lines) between geographically closer communi-
tiesdenotingisolation by distance, there are someout-
standing exceptions. For instance, thepairsBata la(1)-
Krausirpi(51), Tukrun(52)-Clupki(42) and Batdla(1)-
ji(54) exhibit highisonymy despiteof therdativelong
distancesthat separatethem. Some communities show
a relatively abundant number of high relations, as
Cocodakra(22), Batala(1) and Suji(54). Interestingly,
Puerto Lempira(27), the most important populationin
the area, does not show high isonymy relations (i.e.
isonymy val ues between communities above 0.007)
withany of therest of communities. Whiled| isonymy
va uesbetween Puerto LempiraCity and the other com-
munitiesgroupinashort, intermediaterange (between
0.00163 and 0.00473), all other popul ations showed
at least oneextremely low value (i.e. below 0.001).

Figure4 showsadendrogram constructed fromthe
matrix of pairwise Lasker’s distances between com-
munitiesusingthene ghbor joining dgorithm ascluster-
ing method, asimplemented inthe Neighbor program
included in the Phylip software package (freely avail -
able in the internet at http://evolution. genetics.
washington.edu/phylip/getme html). Asexpected, com-
munitiesstrongly tend to cluster within thegroup corre-
spondingtother respectivemunicipaities.

TABLE 5 showsgeographic and Lasker’s distance
between pairsof municipalities, theformer calculated
between thecapitd townsof eachmunicipdity. A small
(but significant at o level of 0.05) positivelinea corre-
lation between both distances was found, suggesting
isolation by distance (Pearson’s correlation coefficient
of 0.6092, p=0.014, 10000 permutations).
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Figure4: Dendrogram of Lasker’s distances between com-

munitiesusing Neighbor Joining asclusteringmethod. Num-

ber inddebracketsafter each community indicatesthedepart-
ment: 1=PuertoL empira; 2=BrusL aguna; 3=Ahuas, 4=Juan

Francisco Bulnes, 5=Villeda M or ales; 6=Wampusir pi.
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DISCUSSION

Thereare some considerationsrel ated to the char-
acteristics of the samplethat could modify F_ vaues
cd culated fromisonymy that haveto bementioned. For
instance, 84 parishescomprisethewholeterritory of the
Honduran Moskitia, but only 54 arerepresented in the
electord regidry. Thisregidry isexhaudtive, o, votersof
somesmall communitieswith only few inhabitantsare
included inthelistsof larger, neighboring communities.
Moreover, popul ation structure due to some degree of
inbreeding within minor ethnic groups cannot bedis-
carded. Thesefactorsmay falsely increasesurnamedi-
versty within communitieswith the consequent underes-
timation of F_, vaues Attheother side, themultipleeth-
nicoriginsof theMiskitosand Ladinosshould havein-
creased their gendtic diversity. In contrast, surnameswere
transmitted solely by the European fraction and hence,
F, valuescaculated fromisonymy could be overesti-
mated. Inother words, surnamediversity may not reflect
real genetic diversity (increased by admixture), some-
thing that hasto betaken into consideration when ana-
lyzing admixed popul ationswith aunilateral contribution
of surnames. Moreover, the existence of gender asym-
metriesof the proportionsof different ethnic contribu-
tionsinfounder populationsistherulein many American
popul ationg3,

Additional inherent biasesthat underminetheas-
sessment of truekinship va uesarefoundinthe popula
tion under study: 1) Polyphyletic origin of surnames.
Theinitia distribution of surnamesinthe Honduran
Moskitiamust have been abottlenecked sample of the
distribution in Spain and England during the conquest
and colony periods, with the most common surnames
overrepresented, and 2) changes dueto transcription
errors (mutations) wherefound to befrequent. These
biasesviolatethe assumptionsfor theuse of F statistics
from thesurnamesfrequenciesdistribution to assessthe
exact genetic structure of the population; however, the
relatively homogeneous peopling process and history
of theregionarefactorsthat support aninternal consis-
tency that makesthiskind of work useful for compari-
sonsamong communities, and for thedesign of future
genetic studies.

Theavailability of two surnameshasan advantage
for the performance of different calculations. For in-

—=> RegUlOr Peper

stance, it may befavorablefor theestimation of inbreed-
ing coefficient F_ for the case of autosomal markers.
Although Crow & Mange noted that the coefficient is
roughly % of random isonymy in sufficiently large
samples?Y, it can be noted that in popul ationswith dif-
ferent migration customs between both genders, ran-
domisonymy cal culated soldly from first surnamesdif-
fer fromrandom isonymy from both surnames. Insmall
communitieswith astrictly patrilocal behavior, histori-
ca geneticdrift may lower thediversity of Y chromo-
somemarkers. In contrast, diversity of autosomal mark-
erscould bemaintained, or evenincreased by high fe-
maeimmigrations. Inthiskind of communitiesweshould
observehigher va uesof randomisonymy fromfirst sur-
nameswhen compared to random i sonymy from both
surnames. Takinginto account the effect of differential
migrationsover severa generations, itisclear thatin
those cases, theinbreeding coefficient F_ calculated
only over first surnameswill result overestimated (or
underestimated, inmatrilocal communities). Theuseof
two surnames would approximate the estimated F
va ues(athoughnot fully) tothetruevauesfor thecase
of autosomal markers, and the determination of resi-
dence patterns could give us an idea of the effect of
gender differentiad migrationson suchva ues.

Based on observationsin popul ationsfrom Nica-
ragua, Helms proposed aprimarily matrifoca family
structure, and therefore, amatrilocal predominancein
residence preferences of Miskitod®; however, there-
sults presented here suggest that this may not bethe
case for most of the populations of the Honduran
Moskitia. Regarding residence preferencesin human
groups, two main factors have been postul ated: 1abor
division between genders, and warfare (for an exten-
siveanalysisand review on thistopic, seereference
40). According to Rivas, Miskitos are characterized
for livinginacontinuousstrugglefor their domains, for
whichthey have becomevery territoria peoplé'd. This
fact might have, inturn, favored in some extend male
phylopatry, nepotism, and apatrifocal family structure,
if weassumethat fight for land isatask performed pref-
erentially by men. Apparently, belligerenceregarding
land tenureiscommon between family groupsand with
newcomers (mainly Ladinos), despitethat most facili-
tiesand goodsare shared among familieswithinacom-
munity.
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Patrilocality in most Miskito communities notice-
ably contrastswith matrilocdity in aneighboring popu-
lation that inhabits the Caribbean coast of Honduras:
the Garifuna, which iscomposed by afro descendant
peoplewith strong maemigration customs, practicesa
form of polygyny inwhich femae matesdo not share
thesamehouse, and holdsastrictly matrifoca family
structurd®®l, Inour anaysis, theonly Municipdity inthe
Department wherematrilocality dightly predominates
isJuan Francisco Bulnes, not surprisingly theonly one
withastrong influencefrom the Garifuna.

Regardlessof thesefindings, residence patternsas-
sessed through i sonymy must be taken with caution,
and an dternative hypothesisfor differentia variability
of first and second surnames have to be mentioned:
male exodus to cities |ocated in other departments,
something that could diminishvarigbility of firgt surnames
resembling patrilocality. Flores-Fonseca, using migra:
tion matrices, reported very low migration ratesin
GraciasaDios, but registered high interdepartmental
female migrationsintherest of the country (with the
exceptions of departments of Atlantida and Colon,
homeland of Garifuna in which male migrations pre-
dominate)*!. In the present study, higher random
isonymy for first surnames compared to second sur-
names (0.00397 and 0.00350, respectively) inthe over-
all department of Gracias aDios supports male emi-
gration, or dternatively, fema eimmigration from other
departments. If thelatter istrue, patrilocdity in Gracias
aDiosmight beareflection of highfemaemigration
customsintheoveral nation. Futurestudiescomparing
migration matrices and differential isonymy will be
needed to further confirmthis.

Thesame arguments applied to explain higher di-
versity of second surnamesinthedepartment level must
gandtoexplaindifferencesinthecommunity leve . High
relations between communitieswoul d show the most
probable migration routes, neverthel ess, the nature of
these migrationshasto beinferred from the obtained
values of isonymy between communities analyzed
conjunctly with other data. Let usanalyze, for example,
the pair Warunta(19)-Tansin(26), which showed the
higher value of isonymy between communitiesinthis
study (0.02264). While Tansin showsastrong matrilo-
cdity (58.26%), in Waruntapatrilocality predominates
(53.47%). Two dternative hypotheses (even though not

mutudly exduding) could explainthisfinding: higher mde
migration from Tansinto Warunta, or higher femaemi-
gration from Waruntato Tansin in the parents of the
electors. Inboth cases, fema ediversity would decrease
inTansinand increasein Warunta, and hence, the op-
positewould occur with malediversity. Again, thein-
formation obtain here hasto be complemented with
anayses performed on migration matrices.

During last century, enormous demographic changes
took place in most parts of the world. Streaming of
rural residentsinto large, urban areas (aprocess re-
ferred to as urbanization) originated a transition of
metgpopul ation structurefrom relatively i solated com-
munitiesto an outbred structure, with the consequent
increasein diversity, which can berevea ed through an
increased heterozygosity in genetic markersor by are-
duction of isonymy#243, Urbani zation might have con-
sequencesfor hedlth, but also representsachalengein
other areas, as might bein the battle against climate
changesandair pollution.

Deve oping countriesin particular, haveto beaware
of urbanization processesin order to embrace strate-
giesinurban planning, such astheimplementation of
new technol ogiesin energy, construction, hedthcareand
crimecontrol ontimeto buffer potentia negativeexter-
naitiesderived fromthefast raisein number of inhabit-
ants, and to maximize productivity growthi** %I, Par-
ticularly, crime control isexpectedto bedifficultinthe
near futureinthe Miskitoterritory, asitisbecomingan
important part of the cocaine corridor of theAmericas,
a bridge for drug traffic between South and North
America

Inmost Honduran territory, largeflow of residents
from rurd to urban centershasbeentaking placeinthe
last decades®; nonethel ess, the Department of Gracias
aDiosremainsmostly rura and isolated from therest
of the country. The City of Puerto Lempiraistheonly
population in GraciasaDioslarge enough to be con-
Sderedin processof urbanization; therefore, someevi-
dence of thisprocess can be obtained from isonymyc
data. Thisevidenceinclude: 1) A very low valuefor
random isonymy within communitieswhen compared
to every other location. Moreover, thisvalueisonly
dightly higher than theva uesfor theoverdl municipd-
ity and the overall department. 2) The high proportion
of angletonsfoundinthislocdity thet, regardlessof the
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€levated amount of transcription errors, suggestshigh
recentimmigration“’. 3) Theabsenceof both, low and
highisonymycrelationswith therest of thelocalities,
something that could beexplained if Puerto Lempirais
considered acomposition of popul ationsfrom many
other locdlitiesdueto urbanization. However, itislikely
that the prevalent contributionsto thiscity comefrom
nearby communities, ascan beinferred fromtheneigh-
bor joining dendrogram, in which Puerto LempiraCity
clusterswith branches composed mostly by the par-
isheslocatedin themunicipaity of Puerto Lempira.

Therest of theHonduran M oskitia, asshown here,
isahighly structured popul ation composed mostly of
relatively isolated communities. However, thefindings
inthe present work must be complemented with analy-
sesof migration matrices, and with genetic studiesfrom
autosomal, mitochondrial, andY chromosomelinked
markerstofurther definetheexact nature of differentia
gender migrations, and to establish admixtureestimates
and kinship with European, African and American In-
digenouspopulations.
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