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Resumen

Se estudié la dindmica poblacional de las espccies de angiospermas marinas
Thalassia testudinum Banks ex Konig, Syringodium filiforme Kotz. y Halodule wrightii
Ascherson, que crecen en c! Caribe Mexicano. Se realizaron cinco campaiias durante tres
afios consecutivos, en las cuales se obtuvieron los datos de la dindmica de las tres

zando la técnica de determinacion dc la edad.

écnica de determinacion de la edad, asi como

especies ut,

Se describen los fi >s de la
los calculos impilicados en su aplicacion y se demuestra su viabilidad en la cuantificacién
de procesos ecoldgicos como demografia de las plantas, producciéon de hojas y rizomas,
intensidad de floracion, tasas de mortalidad, reclutamiento, colonizacion y expansion asi

como la respuesta de los pastos marinos a ciertas perturbaciones ambientales

Se presentan y discuten los datos obtenidos de biomasa y dinamica de los hacces
crecimiento dc Jos rizomas, intensidad y porcentajes de floracion, asi como las tasas de
mortalidad y recluamicnto de cuatro poblaciones monocspecificas de 7Thalassia
restudinum que se desarrollan en distintas condiciones de exposicion al oleaje. Tambien se
idades que forman las especies Syringodium

analizan los datos ob jos en las co
Siliforme y Halodule wrightii que crecen cn la laguna arrecifal

Estos resultados permiten sefalar que las tres especies de pastos marinos del
Caribe Mexicano desarrollan praderas monocspecificas altamente productivas y los
valores de la longevidad de sus haces y la tasa de renovacion de sus rizomas. son las que
las definen como espccies pioneras en cl caso de Syringodium filiforme y Halodule

wrightii, y de especie climax en ¢l de Zhalassia testudinum.

Las diferencias en los valores de intensidad de floraciéon y crecimiento del rizoma
de las especies Syringodium filiforme y Flalodule wrightii, asi como en la longevidad de
los haces de las tres especies, permlten proponer que Syringodium filiforme ocupa una

Halodule wrightii cn la dinimica

P

posicién intermedia entre 7.
sucesional de los pastos marinos en ¢l Caribe Méxicano.



Agradecimientos

Este trabajo es el fruto de la participacién de muchas personas sin las cuales no
hubiera sido posible la obtencién de datos en el campo, ¢l analisis y discusion de
resultados y su redaccién final. Es por ello que csta explicado en plural, porque plural ha
sido el esfuerzo, plural el caribo, apoyo y dedicacion con que fué elaborado y como es
plural pertenece a mi dircctor de tesis, a mis asesores. a mi hijo, a mis queridos
¢ os de d ho y laboratorio, a los quc estuvieron cerca fisicamente y

p P P
wambién a los entraifablemente distantes.

Quicro agradecer de mancra muy especial, a dos personas que han estado muy
relacionadas con mi desarrotlio académico. Al Dr. Carlos Manue! Duarte Quesada, mi
director de tesis, por haberme brindado la oportunidad de aprender de su quchacer
cientifico y de su gran calidad humana. No tengo palabras para agradecerle su
dedicacion, su apoyo. su guia y su confianza. Al Dr. Martin Mcrino ibarra le agradezco
su amistad, su apoyo permanente, su carifio y su entusiasmo contagiosos con el que me
impulsé y mc animé todo el tiempo, por ser también un codirector en la prictica y
porque siempre me ha brindado su tiempo y cnergia (hasta imprimir la tltima pagina) !

A los micmbros del jurado, IDr. Antonio Lot Helgueras, iniciador del estudio de
las Angiospermas marinas en México le agradezco su codireccion y su apoyo de hace ya
mucho tiempo. A las Doctoras Margarita Collazo, Ligia Collado y Alma Orozco, asi
como al Dr. Miguel Franco y Martin Merino, les agradczco la minuciosa revisiéon que
hicicron del trabajo lo cual permitié mejorar la versién final.

A mis compafieros del Centro de Estudios Avanzados de Blanes, les agradezco su -
amistad y carifio, a Susana Enriquez, a Bea Vidondo, a Paola Sauta y Paola Mura, a Just
Cebrian y a todos los demis que estoy segura que sabran reconocerse. A la noia Nuria
Marba. muchas gracias por las tardes de demostraciones pacicntes sobre el uso det "Mc"
y de la lupa, y de sus cariilosas explicaciones acerca de los misterios de las "hierbas
marinas”.

A Josep Guerrero, Jordi Gémez y Pelia Radeva gracias por haber sido para
nosotros, todo lo que ya saben. A Carmen Meléndez y Ausi Pasarin por su carifio y
apoyo. A Angels Valls y su familia por haber estado tan cerca.

A Aimeé Rodriguez Roman muchas gracias por su valiosa ayuda en todos los
wramites académicos y por ser una excel comp a de camy; A Rafael Acuiia por

su ayuda en aquellas redacciones de protocolo y solicitud de beca.

A mi familia, mi madre y mis hermanos que siempre tendieron el puente de amor
para hacerse presentes aan en la distancia, gracias.



A mi hijo Ayax, gracias por estar junto a mi, por ser como es, por entenderme,
por apoyarme, por sonreirme. por quererme, y porque sin é! las cosas no tendrian
ningin sentido.

Este trabajo de tesis lo realizé con el apoyo de mi centro de trabajo, e}
Departamento de Hidrobiologia de la Dlv:snén de Ciencias Biol6gicas y de la Salud de la
Universidad Auténoma M lapa a través de su programa de Becas de
Posgrado. Quiero Agradecer a los Doc!ores Rosaura Gretter, José Luis Arredondo Y
Oscar Comas su apoyo acdémico ¢ institucional. Tambien conté con el apoyo del
Programa de Cooperacion Cientifica con Iberoamérica del Consejo Superior de
Investigaciones Cientificas de Espafa, y del Proyecto 3216 T. otorgado al Dr. Marin
Merino Ibarra por el CONACyT.




Estructura de la tesis

La tesis se presenta e¢n la modalidad de articulos publicados. de acuerdo con los
lineamientos marcados en el programa del Doctorado. Los articulos van acompanados de
un resumen en espafol de todo el trabajo. Se inicia con una introduccién general en
donde se plantea el marco teérico y justificacién del trabajo, se describe ia metodologia
utilizada asi como los objectivos generales, y se concluye con los resultados finalcs y

discusién.

Los objetivos particulares, la metodologia utilizada y los resultados obtenidos cn
cada una de las poblaciones analizadas dec {as especies Thalassia testudinum Banks ex
Konig, Syringodium filiforme Kutz. y Halodule wrightii Ascherson, se discuten
ampliamente cn las cinco publicaciones cientificas, las cuales se presentan de acuerdo a
su fecha dc publicacion, aunque 1a mayorfa de los datos fueron obtenidos
simultineamente durante las campanas realizadas entre los afios 199! y 1993 en la zona
arrecifal de Puerto Morelos, Bahia Mujeres y lLaguna de Nichupté, Quintana Roo,

Meéxico.



Introducciéon

Las angiospermas rmarinas son plantas cionales que forman extensas comunidades
altamente productivas cn las costas de todos los mares, excepto en las zonas polares (den Hartog
1970). Las angiospermas marinas que son capaces dc compleiar su ciclo de vida cn ¢l mar,
constituyen un numero muy reducido de especies que estdn agrupadas cn doce géneros,
pertenccientes a dos familias; Potamogetonaceae ¢ Hydrocharitaceae del orden Helobiae (den
hartog 1970). No se puede atribuir que su cscasa diversidad sc deba a que ticnen un origen
reciente, ya que de ambas familias existen registros f6siles desde el Creticico (Taktajhan 1959,
Phillips y Mefiez 1988), época en que también aparecen las primeras formas clonales de
angiospermas herbiceas terrestres (Tiffney y Niklas 1985). EI registro f6sil sciiala que las
angiospe;mas: se originaron en el medio terrestre duranie el Jurdsico (Taktajhan 1959, Cronquist
1985) pero al retornar al mar sc encontraron con importantes restricciones, lo cual ocasions que
s6lo algunas, del gran nimero dc formas y cstrategias de vida desarrolladas por las
angiospermas, pudicran tener éxito ¢n el medio marino (den Hartog 1970, Duarte et al 1994).

La gran homogencidad funcional y morfologica dc las angiospermas marinas cxplica ‘su

cscasa diversidad (den Hartog 1970, Tomlinson 1974). Estas cspecies se caracterizan porque

todas son clonales y colonizan ¢l espacio creciendo vegetativamente, la mayoria tienen hojas
lineales con meristemos basales, sus tejidos estAn menos lignificados y su sistcma vascular es
menos eficiente que el de las angiospermas terrestres (Tomlinson 1974, Stevenson 1988). La
uniformidad taxonémica de las angiospermas marinas, sugiere que su arquitectura juega un papel
muy importante en su capacidad adaptativa (den Hartog 1970, Tomlinson 1974, Duarte 1991).
Por lo tanto, el eswudio de su arquitcctura proporciona valiosos clementos para predecir su

comportamiento ecolégico (Patriquin 1973, Duaric 1991).




lL.as angiospermas marinas son organismos modulares con una arquitcctura altamente
estructurada. Se denomina "genet” (Kays y Harper 1974, Sarukhin y Harper 1973) al individuo
genético producido por un cigoto el cudl esta constituido por un conjunto de subunidades
genéticamente idénticas llamadas "ramets” (i.c. hojas flores, internodos de rizoma y raiccs,
White, 1979), las cuales son las unidades basicas de construccion del individuo genético. Estas
unidades son entidades fisiolégicas capaces de sobrevivir y morir de manera independiente (Cook
1979) y su tipo de construccién ticne distintas consccuencias cn los aspectos de crecimiento,

reproduccién y sobrevivencia. En algunos casos estas subunidades pueden formar raices y
di lo cual pl el problema de

separarse cle la planta original y llevar una vida indep
reconocer la identidad del individuo (Janscn 1977).

Duarte (1991) senala que existen estrechas relaciones entre el tamaho y la dinimica de
los modulos de Jas angiospermas marinas, las cuales demuestran la importancia que tiene la
arquitectura cn su productividad. y también permite explicar los difercnies papcles ccolégicos
de las especies pequefias como especics pioneras, y de las grandes como especies climax. !
crecimiento clonal permitc que la planta se desplaze, colonice y explore nuevas arcas sin
depender exclusivamentc del éxito de la reproduccién sexual (Schinidt 1990). El crecimiento

clonal por tanto tiene importantes implicaciones ecolégicas.

El crecimiento de las plantas clonales se lleva a cabo mediante la iteracién de sus
mddulos. La iteracién de los moédulos les permite a las plantas clonales desarroltar poblaciones

extensas y longevas, porencialmente inmortales, a partir de un solo genet, asi como ocupar
ambientes muy diversos. Los meristemos activos o latenwes de las plantas siempre estin
disponibles para continuar la produccién de unidades estructurales (Watkinson y White 1985).

lLas plantas clonales a diferencia de las plantas aclonales, ticnen la capacidad de crecer
horizontaimente ndo su o de manera indefinida, sin presentar limitaciones
biomecdnicas que limiten su crecimiento (Watkinson y White 1985).




E! desarrolio de las plantas clonales esta regulado por su arquitectura, cuyos patrones y
reglas de crecimiento estdn basados en ¢l tamano de los médulos y en la velacidad con 1a que
se adicionan nuevos modulos. Los patrones de crecimiento estan escalados al tamaio de la planta
¥ por wanto la dindmica de los madulos depende de su propia medida (Duarte 1991). I.a tasa de
aparicién, la wsa de renovacion o la jongevidad dc los médulos es mds ripida y corta en las

plantas pequefias que en las grandes (Duarte 1991).

Los patrones de crecimiento del rizoma, quc es la parte de la planta cncargada de la
b dos en la frec de¢ ramificacion (i.e.

expansion (horizontal y vertical) del clon, estin
dngulo de desviacion de la direccion del crecimiento parental, frecucncia de ramificacion) y la

distancia a Ja que el ramet parenial coloca el ramet hijo (e.g. ‘Tomlinson 1974, Bell y Tomlinson
1980). El pauron de crecimicnio del rizoma determina la ocupacion del cspacio por la planta y
es por lanto, una caracterfstica fundamental para la modelizacion de su dindmica. Las diferencias
en los patrones de crecitniento del rizoma determinan la capacidad de expansion (colonizacion)

de los clones y condicionan su papel como especies pioneras y climax.

fLLos patrones de crecimicnto deterininan también las diferencias e¢n la productividad y
longevidad de las especies. Los distintos tamaiios de los médulos de las angiospermas marinas
permiten explicar las diferencias observadas en la dindmica de las distinws especies (Duarte
1991). En cl caso de las angiospermas marinas el tamarfio de los internodos dcl rizoma prescntan
poca plasticidad fenotipica y genotipica dentro de la especie, o cual permite utilizarlo para
caracterizar a las especies (Duarte 1991). La transferencia de substancias entre mdadulos esta
determinado por el diametro del rizoma, por lo que su tamafio es importante cn la integracion
fisiolégica de ila planta. Tedricamente los rizomas mds gruesos permiten una integracion

fisiolGgica entrc médulos distantes que las especies con rizomas delgados, lo cual les permite
construir médulos mayorces (Duarte 1991).

ILos patrones de crecimiento de las plantas modulares representan las distintas formas en

que es capturado el espacio y espacio corresponde en unramplio sentido a recurso (Harper 1985).
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Las plantas clonales pueden crecer en distintas condiciones ambientales en donde la distribucion

de recursos no es homogéncea debido ya sca a perturbaciones, 0 como resultado del crecimicnto

de las plantas (Sutherland 1987). Las plantas responden a csta variabilidad ambiental

modificando el arreglo morfolégico de sus médulos (Franco 1986). ya que la explotacion y
utilizacion de los rccursos por las plantas, depende de su habilidad para hacer ripidos ajustcs
fisiolégicos (Kays y Harper 1974). La forma representa una manera dc explotar los recursos
espacialmente distribuidos, su variacioén en Ja arquitectura refleja diferencias en la distribucién
de los recursos o bien diferencias en la forma de explowarlos (Waller y Steingraber, 1985).

Los cambios ambientales también determinan variaciones en los patrones de crecimiento
de las poblaciones modulares y en sus estrategias de ocupacién del ecspacio. El grado en que
estos pueden variar depcnde de la cspecic (Cook 1985, Alpert 1991). Lovet-Doust (1981)
distinguio dos extremos morfolégicos represcntados por las formas "guerrilla y “falange”. En
el primer tipo los genets se ramifican poco, tienen internodos de rizoma muy largos de mancra
que quedan muy separados entre si, su expansion ¢s muy répida y son capaces de colonizar
grandes extensiones dc terreno. las especics con forma de crecimiento del tipo "falange” son
especies de expansion lenta, con haces més agrupados con una mayor ramificacion de los
rizomas e internodos cortos. Duarte (1991) sugiere que las diferencias en la plasticidad fenotipica
entre las especies de angiospermas marinas, esta asociada a las diferencias en el didmetro de sus
rizomas. Las csp'ccies con rizomas gruesos pueden utilizar los recursos elaborados ¢n médulos
mis distantes para producir nuevos modulos, o cual no hacen las especics con rizomas delgados.
que por lo tanto han de ser mas dependientes de los recursos disponibles en el espacio fisico

ocupado por el ramet (Tomasko y Dawes 1989).

Muchas plantas clonales como las de dunas y la mayoria de las angiospermas marinas,
crccen en areas con gran movilidad de sedimentos lo que las hace cstar sujetas a cnterramiento,
lo cual ocasiona una alteracién de su patrén de crecimiento (Disraeli, 1984, Marba et al.
1994). Las plantas que habitan en estos ambientes tienen rizomas verticales que les permiten

sobrevivir a cambios moderados en la dinimica de sedimentos (Disracli {984, Maun y Lapierre
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1984). Existen varios estudios de la accién de la dindmica sedimentaria en los patroncs de
crecimiento en plantas de dunas, pero son pocas las evaluaciones cuantitativas de la dindmica
de sedimentos en las angiospermas marinas (Patriquin 1973, Boudoresque et al. 1984). Marba
et al. (1994) observaron que existe un estrecho acoplaniiento entre Ja dindmica de crecimiento

de la angiosperma marina Cymodocea nodosa y la dindmica sedimentaria en ¢l Dclta del Ebro,
1i ica de scdi S.

lo cual permite utilizarlas como trazadores biolégicos de la

1.a capacidad de las plantas clonales para sobrevivir al efecto de las perturbaciones

dependen del patrén de colonizacién de la especie y de las caracteristicas de la perturbacién. Con

frecuencia, las poblaciones vegetales sufren la accién repetida de perturbaciones a lo largo de
recolc do las zonas perturbadas

su vida, y esto les obliga a ma SC CC
(Puarte y Sand-Jenscn 1990b, Marba et al 1994). l.as poblaciones clonales que pueden
sobrevivir al paso de perturbaciones periodicas, son las que puedan crecer a una tasa similar
© mayor que la velocidad de la perturbacién, o las que tienen un crecimicnto mdas lento que la

frecuencia de la perturbacién, ya que tienen el tiempo suficicnte para cerrar su ciclo de vida

(Duartc y Sand-Jensen 1990b). El paso periédico de perturbaciones sobre las poblaciones
mantienen el

clonales con estrategias de vida quec les permitan sobrevivir a la perturbacion,
proceso de colonizacion de estas poblaciones en equilibrio dindmico, estableciéndose un estrecho
acoplamiento entre la dindmica de la poblacién y la dinamica de la perturbacion (Duarte y Sand-

Jensen 1990a, Duarte 1991).
En cl estudio de dindmica de poblaciones en organismos modulares se reconocen dos

la que se reficre al namero de genets (productos de cigotos o una sola

niveles de organizacion;
célula) y la relativa al nimero de mdédulos que componen cada genet. Los cigotos de las plamas

madulares desarrollan clones que por si solos ticne todas las propiedades de una poblacion.
Harper (1977), reconocié quc ias unidades modulares podian ser tratadas y por lo tanto
analizadas, como miembros de una poblacidn. Si ¢l crecimiento de un genet puede ser descrito
en términos de la dindmica de poblaciones de los mdédulos. entonces a éstos se les pueden
asignar atributos poblacionales propios y su crecimiento puede considcrarse como uh proceso

s



demogrifico (Harper 1980). E! estudio demogréfico de las poblaciones clonales por tanto permite
predecir el crecimiento y el tamafio dec una poblacién a partir de la dindmica (i.e. tasa de
nacimiento y mortalidad de los ramets) y de la estructura de edad de los ramets, sin tomar en
cuenta si el origen de los ramets es vegetativo o reproductivo (Watkinson y White 1986).

Hasta ahora, el conocimiento de la dinamica de los pastos marinos cstaba limitado por
la lentitud para determinar su edad debido a que la metodologia utilizada requeria el seguimiento
de una poblacién, durante un afio como minimo. La construccién modular y organizada dec las
hierbas marinas, permitié¢ desarrollar una metodologia para reconstruir su dinamica a escalas
temporales equivalentes a la longevidad de sus ramets, realizando una sola visita a la poblacion
1994). Se postula por lo tanto, que el conocimiento de la dinimica de las

(Duarte et al.
angiospermas marinas se puede obtencr utilizando los méadulos como unidad de andlisis.

Los pastos marinos crecen a partir de la iteracién de sus médulos bisicos los cuales son:
(1) los internodos de rizoma, con los cuales la planta asegura su extensién vegelativa y que
pucden ser horizonuales (en los llamados haces largos) & ercctos (en los lamados haces
verticales), dependiendo de si estos extienden la planta hacia los lados o hacia arriba; (2) las
hojas, en las cuales se realiza la fotosintesis y la captacién de los nutricntes de la columna de
agua, y (3) las rafces, que son e} sistcma de anclaje de la planta y de toma de nutrientes del
sedimento, las cuales aparecen también a intervalos regulaies a lo largo del rizoma horizontal.
Los puntos de insercién de las hojas en el rizoma son llamados nodos. y son ficilmente

identificables por las cicatrices que quedan después de la abscision de tas hojas (Fig. 1). las
ivas son il das intecrnodos de rizoma.

piczas del rizoma formadas entre dos cicatrices cc
Estos internodos se producen durante el intervalo de tiempo que transcurrc entre la formacién

dec dos hojas sucesivas, el cull es llamado Intervalo de Plastocrono (Erickson and Michelini
1957). Esta arquitectura modular de los pastos marinos asegura una relacion muy estrecha (1:1)
entre la produccion de internodos de rizoma y hojas, y constituye la base para la determinacién

de la edad de los haces y rizomas de los pastos marinos.



La edad de un haz (i.e. rizoma vertical) en los pastos marmos se puede calcular como

el namero total de cicatrices (o internodos) de las hojas produ
haces o rizomas, mds las hojas presentes cn el haz. La umdad bésu:a dc ucmpo para c-.stlmar la

edad resulta de esta manera ser €} Intervalo de Plas!ocrono. el Cl.ld' sc proponc que represenu .

el ritmo interno de crecimiento dc la planus. y .con €l -se puedcn -
"tiempo biolégico” (Erickson and Mlchehm 1957 Ldmorcaux etal” 1978 Brouns 1985). [Istas
unidades de tiempo son especificas de cada espec:c (cf. Duarte 1991) y requncren ser traduc:das’/
a tiempos absolutos (e.g. dias) para poder expresar sus tasas dc crecnmu:nln. Para traductr el
intervalo de plastocrono a unidades de uempo absoluto sc asume una- hnearrdad entre las dos
unidades de tiempo (Erickson and Michelini 1957, Patrlqum 1973). ! L_a duracién m(.dla anual
en dias de un intervalo de plasm'crono' (IP) es una caracteristica de cada especie, como se ha
reflejado en la gran variacién que hyay_cntrve cspecies comparada a la que existe dentro de la
misma especie (Duarte 1991). Sin embargo, dentro dc las especies existe también una

variabilidad considerable en el IP como resultado de las diferencias entre poblaciones y de la
variabilidad a escalas dc tiempo interanuales y-estacionales. Por lo tanto, para obtener
estimaciones confiables de la edad de los pastos se deben rcalizar mediciones de la duracién de!

IP en distintas poblaciones. El conocimiento de la duracién media anual de los Intervalos de
Plastocrono pucde usarse como una primera aproximacién para traducir los IP en tiempo
absoluro, y conocer asi la dinimica clonal y el crecimiento de las poblaciones de angiospermas

marinas.

El objetivo general de este estudio fue analizar la dindmica de las comunidades de
Thale Syring JSiliforme .y Halodule wriglm'l' ‘que’, créccn en la' zona
comprendida entre Puerto Morelos e Isla Mujeres, Qumtana Roo Méxlco. La mformauén

obtenida nos permitié conocer los valores de densidad.y | bwmasa dc los haces vcmcalcs 'y
sf como sus

rizomas, la tasa de crecimicnto tanto vertical como honzon!al dc las tres especlcs

tasas de mortalidad, reclutamiento y floracioén.



Para alcanzar. cste obj'etivo se partié de las técnicas delineadas por Patriquin (1973) y
Duaru_ y Sand-Jenscn (!9903 b) las cuales sc cmplearon criticamente y sc mejoraron para
pcrmlur el célculo dcl intervalo de plastocrono de todas las poblaciones de las tres ;spccnes

analwadas ‘determinarsu “estructura "de edad y dinamica demogrifica, y las tasas de crecimiento
nzomas horizontales de las tres cspecxes. Tamblén se

y rcnovaclén dc hojas, haccs vertlcalcs. »
analizé el esfuerl.c reproducuvo y se dedujo 1a frecuencia de floraci6n en las tres cspecles., Cun

csta mformacnén se. realizé cl anﬁhsns comparativo de la dindmica. dc: las pderaS'

monoespcclfcas de las tres espccu:s ¥y se explu:é el papel dc Thalassia
clf max y dc Syringodium filiforme y Falodule wrightii como especies pn
se analmé el contenido de los principales nutrientes en las hojas de I7lala::m le:rudmum e:n la.s )

di como ,'

neras. Paralclamcmc'

distintas localidades, para tratar de dilucidar si existian hmnacnén por cdrcncla de nutncnxcs en
su crecimiento. ; . R

Esta informacién nos permite incremcntar nuestro conocimiento sobre:la dinamica de
las comunidades de pastos marinos en los ecosistemas costeros mexicanos, con la cuél podremos

plantear en un futuro, cstratcgias de manejo, conservacién o recuperacién de dreas de pastos

marinos devastadas o impactadas.



e intcrnndos verticales

rizomu horizontal
internodos horizontales

Figura 1. Morfologia modular dc los pastos marinos.



Resultados y discusion

Los resultados de las investigaciones acerca de fa dinamica, dcmograﬂa y aspccms

reproductivos de las comunidades de las tres especies de pastos marinos que se desar ollan en
¢l caribe mexicano y que se presentaron en cinco publicacioncs cncnttf"c:ls son d mancra

resumida las siguicntes:

Sc propone y vilida una metodologia, basada en la furmal rzacmn dc,las rdcas de Pdtnqum
(1973) y Duarte y Sand-Jensen (1990 a, b) para esumary rcconsxrulr la dinamica dcl rccim-cnw‘ :

vertical y horizontal de las comunidades de pastos marinos.

Se reporta por primera vez la intcnsidad de:
costas de Puerto Morelos, Quintana Roo, en ci Canbe
verticales (también llamados haces) de las plantas de 77mla.s.na e

y la probabilidad dc que lo hagan aumenta ftras un’ peri‘od
aproximadamente dos afios. La frecuencia media de- floracién para la 'poblucion analizada se

estimé en 5.6 10 flores por intervalo de plastocrono (IP), cl cudl corresponde en promedio
a un evento de floracion cada 13 afos. La reconstruccién de; la intensidad de la floracion en

duracién * sexual - de

Thalassia testudinum en los aios previos al paso del Huracdn Gilberw, mostré un incremento
en 4 veces miés después del paso de éste (en Septiembre de 1988). El Hhracén Gilberto causé
una perturbacion substancial a las praderas de pastos marinos, mostrando con ello la importancia
dc las perturbaciones en la variabilidad interanual de la intensidad de floracién. La comparacion
de la imensidad de floracion observada con los datos publicados para otras especics de pastos
marinos, sugiere que las diferencias en la intensidad de la floracién entre especies, (la cual en

babl no

promedio es que florecen cada aflo 10% de los haces)., son pec y pr
mayores quc la variabilidad entre ailos o entre las poblaciones de las distintas especies.

ESTA TESIS N3 7IBT
SALIR BE 1A bBisuuliih



Syréngodium filiforme y Halodule. wrlghiu lambtén requu:rcn dc un pcrfodu de madura ion
sexual, ¢l cudl es dc poco m.is de un afo (8 4 :L- 0’8 lP y 29 3 :t 2. 7 IP respeCUV' i

Las pradcras de Thalassia le:ludlnum
productivas (tienen un rango de 1500 a 4500 g d

(Fourqueran 1992, Duarte 1991, Short 1993)

de México (Eleuterius 1987), aunque .Sjyrmgodmm ﬁl forme creci6 a tasas

USA; Short et al.’ 1993) Estas(cspecnes S

reportadas para Indian River Lagoon (l‘londa. 8
produjeron mas de 2000 g PS m™ debido a sus elevada.s tasas de renovacnon dc las hojas (5 0=

8.5 afo™) y rizomas (2.0 - 3.3 afio').
tasa.s dc

Las poblaciones de Syringodiurn filiforme y FHalodule wrightii ademas dc tene
crecimiento muy altas tienen una gran capacidad de ramificacién ya que produccn una rama cada
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94 y 21.8 cm. respectivamente. Por su parte 7. rfestudinum produce una rama por cada 6300

cm de rizoma - horizontal. Estas altas tasas de crecimiento y ramificacion del rizoma de
Syringodium filiforme y Ilalodule wrightii les permite ocupar rdpidamente el espacio colonizado.

La rdpida’ rcnovaclén dcl rnznma implica sin embargo, una alta tasa de mortalidad de haces y
una baja esperanza de yld..l (ia’esperanza de vida promedio dc los haces ¢s de 100 - 180 dfas)

comparado con 7. ‘testudinum,

. Sé ent\:'bntréy qdc lés*praderas de 7. restudinum responden a la dindmica sedimentaria
variando ia wsa de crcc:mlcmo de los haces verticales, y que este crecimiento vertical rcﬂcja.
por un lado, la estacxonahdad de’ lo¢ pastos marinos y, por otro, su respuesta a perlurbacnones
producidas por huracanes y mrmcmas tropicales. El promedio de la longnud internodal (cn los

.75 mm. y fue mayor en las praderas que cxpenmcnuron

haces vertlcalcs) varié cmrc 0. 17 y 12
el mayor enicrramiento por las olas de arena desplazadas por el Huracan Gnlbcrlo La longnud
|f nnponznlcs ‘como, ro.suludo o : las

intera

promcdlo de los. intérnodos mostré difer
perlurbdc:ones derivadas del paso de! Huracin Gilberto. La longitud lmcrnodal moslré clclos

anuales que se conf‘rmaron con la presencia de las cicatrices florales que preccd n o com Hdlﬂﬂ
La presencia dc cstos cxclo: anuales cn :

con los valores mfmmos anualcs de longuud internodal.

en promcdlo. dé* 14 2. a19. 3 hojas haz* afio” en las diferentes’ dreas cst

crcclmtento vcrucal de los haces estuvo asociado a internodos mas Iargos y

crecimiento verucal de 30 mm ano™.

) La Vir:abxhdadbén el crecimiento vertical de los haces de 7. te&mdihum puede atribuirse:

a) cambios estacionales en el crecimicnto de las_ plamas y b) una varmbrlxdad a ldrgo plalo
-‘asociado a perlurbacnoncs cpxsédu:as relacwnddas con la rcdxsmbucuén de sedimentos por los
huracanes y tormentas tropicales. Como consccuencla, la vanahlhdad en el crecimiento vertical

esta muy relacionada a los cambios en la dmémxca dc los scdlmcntos.
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A partir dcvld estructura de edad de las poblaciones se calcularon las tasas de mortalidad
vy reclutamiento de los haces, y las tasas de renovacion de los rizomas verticales, los cuales son
indicativos de las tasas de mortalidad y reclutamiento de los rizomas horizontales. El tiempo
mdximo de vida calculado para los haces de Thalassia testudinum vario entre 6 y 9 afios, la tasa

“de reclutamiento es de 0.28 a 1.35 unidades In por afo y una tasa de mortalidad promedio de
0.75 umdadcs In por afic. Los haces se renuevan a una tasa de 0.6 afio”?, lo cual representa '
tamluén 12 tasa de renovacion del rizoma. Ll promedio de esperanza de vida de los haces de

Syrmgodmm ﬁl forme ¥y Halodule wrightii fue respectivamente de 0.6 y 0.3 aiios, y las tasas de
reclutamlenlo fueron 0.77 y 4.18 unidades In aho™ y las de mortalidad 2.04 y 3.54 unldadcs
In ano™ rc.spccnvamcmc. Esto significa que, a pesar de que estas especies pioneras son capaces :

de ocqpar rapldamente el espacio que colonizan, los haces una vez cstablecidos no.pueden

permanecer ocupando ¢l espacio durante tanto tiempo como lo pueden hacer los de especies mas
Sugerimos por lo tanto, que el papel de las especies de

longevas como Thalassia restudinum.
es ‘indcpcndicnte de su

pastos marinos como especies pioneras, o como especies climax,
capacidad de desarrollar poblaciones densas y productivas y ecsta: miés relaclonado con la .

Iongcv-dad de sus haces y la tasa de renovacién de sus rizomas.

La clevada’ tasa’ de crecimicnto asociada a la alta tasa de mortahdad kde .S‘vrmgodmm :
tencer grandcs,

implica que estas especies pmncras debcn_»

Sfiliforme y Halodule wrightii
1992, Short ct al. 1993, Duartc et al.’1994) Ln

requerimientos de nutricntes (Fourqueran et al.

rapida pérdida del material de Syringodium filiforme y Falodule wr:gh:u cl c tal co :
iad al cortov

mayor parte del abundante material de pasto marino que es arrojado a 1a) playa

ciclo de vida de sus hojas y haces, seguramente reducen su capacxdad de alm enamlemo y

reciclaje interno de nutrientes. En contraste Thalassia testudinum crece mas cntamcmc 'y vnvc

mds tiempo (Gallcgos ct al, 1993). y por lo tanto debe tener menor requcnmlemo dc nuxrlcmcs
(Fourqueran et al 1992, Duarte 1994), y debe tener una mayor Lap.ncxdad para almnccmr y

reciclar los nulru:mes (Patriquin 1972).

12



lassi dinum cs la especie climax

P

: Estas obscrvaciones ayudan a explicar porqué 77
en el Caribe y porqué las densas praderas desarrolladas po}-Syriﬂgodium Siliforme y Halodule
wrightii son reémplaz.qdas eventualmente por praderas de cSpccie§ climax (den Harwog 1971
Williams 1987)." Nuestros resultados demuestran también iniporm;lles diferencias ch'él'ﬁaicnéi'a'l
rc'p'roducti'\;b y cn el crecimiento del rizoma dc‘:‘las dos"cspeciés pionefas La densidad de haces’

que florecen en Ilalodule wrighm fue 5 veces mdyor quc cn Syrl'ngodmm Jilg] farme. el cuél twvo.
Por lo’ tanto s oponc quc

también una tasa. dc renovacién 'y de crccxmxemo menores.
Synngodmm ﬁquorme tiene una posu:lén lnlermcdm en :-Jsfuernx reproducuvo renovacnén de

rizoma y longevndad de’sus haces, emre Halodule wnghn't Y. Thala.ssm le:ludmum. por lo que
también ocupa una posicién’ mwrmedla enja sccuencm succsnonal ‘de loc pas!os marlnos en el

Caribe.~

Los rcsultados presentados aquf dcmuestran que Ia técnlca dc la dctermmaclén de la edad
tienc un gran potencial, ya que pcrmmé cuanul‘m Ia dmamlca dc las especncs de pastos marnmn
que se desarrollan e¢n ¢l Caribe Mexicano y dcscnblr los prmcnpales mecanismos que rcgulan

su funcionamiento.
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ABSTRACT
Gallegos, M.E., Mcrino, M., Marba, N. nnd Duanc. C. M 1992, F‘lowcrmg of Thalassia testudinumn
Bankscx Kémg inthe Mcxucan Carni B¢ an I variability. Aquat. Rot.,
43:249-255.
The flowering i ity of Thalassia te £i. Banks cx Kénig, along the Mcxican Caribbean
coast, was studied. Only 1 7% of the shoots examined had flowered during their lives, and the mean
flawering for the 10N was cst 1o be 5.6 10~ * flowers per plastochrone inter-

val (P1-'), which correcsponds, on average, 10 a flowering cvent cvery 13 ycars. Thus, most short
shoots will not lowcer during their lives, although some old shoots had flowercd twice and cven theee
times. Nonc of the shoots eaamined flowered befure reaching an age of 15 P! (about | year), and
Nowcring intensity increased with age up to 30 PI (about 2 years), thereby indicating the need for
sexual maturation. Reconstruction af the flowering intcnsity in previous years showed a four-fold
increase since the passage of Hurricane Gilbert (in Scptember 1988 ), which causced substantial per-

turbation (o the scagrass d , thereby indi i the importance of perturbation on interannual
variability in flowcring ml:nslly (.omparlson of the flowesing intensity obscrved with publlshul re-
ports for other ! that ditTe in flowering intensity among specics, which
averaged about 10% of the shoots flowering cach year, arc narrow and probably not greater than var-
iability years or p lations of a singlc spccics.

INTRODUCTION

Seagrass meadows cover extensive areas of coastal zones in the tropical and
temperate zones (Den Hartog, 1970). These important ecosystems often ex-
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perience catastrophic declines, which frequently derive, in tropical areas, from
the passage of hurricanes and tropical storms (Birch and Birch, 1984). Be-

-"cause recovery of the meadows from catastrophic decline depends both on
sexual reproduction and horizontal growth rate (Duarte and Sand-Jensen,
1990), modelling of the recovery process requires explicit knowledge of both

: processes. Wherecas data on horizontal growth rates of seagrass specics are
relatively abundant (see Duarte, 1991 ), data on the reproductive cfforn of
scagrass species are sparse (c.g. Johnson and Williams, 1982; Caye and Mei-
nesez, 1985; Durako and Moffler, 1987; Hootsmansct al,, 1987; Gambi, 1988
Pergent and Pergent-Martini, 1990).

Here we determine the flowering intensity of T/halassia iestudinum Banks
ex Konig along the Mexican Caribbean coast, where it dominates scagrass
mecadows. We also assess the age-dependence of flowering events and exam-
ine thech in the freq v of sexual reproduction after passage of hur-
ricane Gilbert (with wind spe<ds up to 300 km h~*; Merino and Otero, 1991),

which caused a major dis: arbance to the scagrass beds of the studied area

(Marba et al., unpublished data, 1992).

MATERIALS AND METHODS

Flowering frequency and age of short shoots were studied in a 7. restue-
dinum meadow at Pucrto Morelos (20°51°'N, 86°55°W), Quintana Roo, on
the castern coast of the Yucatan Peninsula, Mexico. The meadow studied
grows at — 3.0 m along the beach of the lagoon formed by a barrier rcef run-
ning paraliel to the coast (Merino and Otero, 1991 ). We randomly collected
{between 20 and 24 August 1991) 308 short shoots from the population, us-
ing a 20.5 cm internal diameter corer (total 24 samples) driven 40 em into
the sediment to collect the shoots down to their rhizomes (buried about 10
em in the sediment). Sediment (coarse carbonated sand) waus carcefully rinsed
out of the sample, and shoots that had lost their connection to the rhizome,
and, consequently, could not be aged ( < 10% ), were discarded. The age of a
shoot was measured as the total number of leaves produced during its life (i.e.
number of leaf scars + number of standing leaves; Patriquin, 1973; Cox and
Tomlinson, 1988). The resulting time units correspond to the average time
interval between the initiation of two successive leaves on a shoot, referred to
as plastochrone interval (Pl) (Erickson and Michelini, 1957, Brouns,
1985a,b). Plastochrone intervals represent indirect estimates of time, which,
although subject to seasonal variability, provide accurate estimates of time at
interannual time scales (sce Brouns, 1985a,b). Prcsent and past Rowering
events were identified visually, if flower peduncies were still standing, or by
searching the short shoots for the distinct peduncie scar (see Durako and
Moffler, 1987; Cox and Tomlinson, 1988). Shoot age at the ime of flowering
was measured as the number of lcaf scars below the peduncle scar, Plasto-
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chrone interval units were translated into natural time using the mean time
clapscd between the production of succcessive leaves for this population (26.!
days; Marb4d et al., unpublished data, 1992), thereby allowing reconstruction

of flowering events in past years.

RESULTS AND DISCUSSION

Only 1 7% of the shoots examined had flowered, some of them more than
once, resulting in a total of 65 flowering events for the 308 shoots examined.
Because the 308 shoots examincd had produced a total of 11 508 lcaves (i.c.
P1) during their lives the 65 flowering cvents represent an average flowering
frequency of 5.6 10—" flowers per plastochrone interval (PI-') (i.e. 65/
11 508) for the population examined. Because the average leaf production
rate of the population examined is 14 leaves per year (Marba ct al.. unpub-
lished data, 1992 ), this means that, on average, a shoot will only flower once
every 13 years (i.c. (14 PI per shoot year™'-5.6x10~" flowers PI-')~!), or
that only one of every 13 shoots will flower in a particular year. Becausec the
average life expectancy of the short shoots is 21 Pl (Gallegos et al.. unpub-
lished data, 1992), our results imply that most short shoots will not flower
during their lives. However, nine shoots were observed to flower twice and
two even flowered three times, supporting previous reports (Durako and
Moffler, 1987; Cox and Tomlinson, 1988) that 7. tesiudinum shoots may
flower morc than once. Examination of the time elapsed hetween successive
flowering events in individual shoots showed this to be multiples of 16.9+0.66
leaf PI, which is close to the average leaf production rate for the population
studied (14 leaves year—'; Marbad et al., unpublished data. 1992).

Examination of shoot agc structurc (Fig. la) showed an cxponcntial de-
creasc in shoot abundance, with shoot age indicative of an exponential mor-
tality process (about 0.05 natural log units year—'; Gallegos et al., unpub-
lished data, 1992 ). Examination of shoot age at the time of flowering (Fig.
1b) showed that nonc of the shoots flowered before reaching an age of 15 PI
(about 1 year), thus indicating the need for a period of sexual maturation
before the shoots were capable of sexual reproduction. The decline in flower-
ing events observed as shoot age increases (Fig. [b) may reflect either a de-
cline in sexual effort with shoot age or may simply reflect the fact that expo-
ncntial mortality results in there being fewer oid than young shoots (Fig. la).
These possibilities were elucidated by examining the age-dependence of flow-
cring frequency (i.e. the number of flowers produced within a time interval
divided by the number of shoots present at that timc interval). which showed
that tlowcring frequency increased with increasing age up to 30 PJI (about 2
years ), and remained rather constant beyond this age (Fig. lc). Thus, age-
dependence of sexual effort in 7. testudinum is limited, at least in the popu-
lation examined, to a need to reach an age of about 2 years for full flowering
ratec to be achicved. Our finding that 7. restiedinurn requires 2 ycars before
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Fig. 1. Flowering intensity of a population of 7. restudinuer Banks ex Kénig in the Mexican
Caribbean, as: (a) shoot age structure: (b) the distribution of shoot age at flowering: (¢) the
relationship between shoot age (in ten plastochrone interval age classes ) and the proponion of
shoots producing flowers (asterisks represent values for which sample size is less than 3): (d)
the interannual (1987-1991) changes in flowering inwensity (as the fraction of the shoots that
flowered ina particular year) of the population (the asterisk indicates that the estimalte for 1987
represents an upper limit 10 the flowering intensity that year, which could not be accurately
calculated beeause of insufficient sample size ). Shoot age is reported in plastochrone intervals
(i.c. the average time interval between the initiation of two successive leaves on a shoot: ap-
proximately 26.1 days ( Marba ct al.. unpublished data, 1992) ).

full flowering rate is achieved supports the observation by Thorhaug and
Roessler (1977) of a single T~ testudinuem shoot which required 3 years before
it was able to flower in Biscayne Bay, Florida.
-.  Reconstruction of flowering intensity (as the proportion of shoots flower-
ing in a particular ycar; Fig. 1d revealed a steady increase in annual flowering
intensity since the passage of hurricane Gilbert (September 1988, i.e. after
flowering in 1988, which occurred from March to May), to reach a four-fold
higher level in 1991. Hurricane Gilbert severely damagcd benthic communi-
ties in the Mexican Caribbean (Fenner, 1991), thinning, by uprooting or bur-
ying, large arcas of the Thalassia beds (Marba et al., unpublished data. 1992).
Thus, the increased flowering intensity reported here describes, together with
the stimulation of vertical shoot growth and leaf production rate following
the passage of hurricanc Gilbert (Marba et al., unpublished data, 1992), the
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plant’s reaction in response to perturbation. These results demonstrate large
changes in flowering intensity between years, which appear to be related, as
suggested by Durako and Moffler (1987), to perturbations, such as damage
by hurricanes.

The resuilts presented demonstrate that sexual reproduction in the studied
7 testudinum population is sparse (only 1 7% of the shoots flowered eventu-
ally ). Most short shoots never produce flowers. despite their potential to flower
more than once. The reproductive effort observed (i.e. an average of 6.2%
flowering shoots year —!; Table 1) is about a third of that reported by Durako
and Moffler (1987) for a T testudinum bed in Tampa Bay (FL). The high
flowering intensity recorded by Durako and Moffler (1987) is, indced, the
highest value we found in the literature (Table 1 ). Accounts of flowering in-
tensity for different seagrass species ranged from 3.9 to 17.8% of the shoots,
with an average of 9.6%. which is a rather narrow range considering the di-
verse species examined. Values within species are, however, subject to great
variability, representing diffcrences among populations (c.g. Pergent and
Pergent-Martini, 1990) and interannual changes (e.g. Fig. 1d), which maybe
greater than the differences between species. Despite this variability, avail-
able data (Table 1) supggest that the differences in flowering intensity between
diffcrent scagrass specics, from that of Posidonia oceanica (L..) Delile, the
flowering of which has been considercd to be “*quite a rare phenomenon®™
(Pergent ct al., 1989), to that of Zostera noltii Hornemann, which is consid-
ered to flower abundantly (Hootsmans et al., 1987), are not as large as per-
ceived in the past. We thercfore suggest that the perceived differences in the
flowering intensity of large and small scagrasses reflect differences in their
abundance (i.e. shoot density) imposed by their size (Duarte and Kalff,

TABLE )
Litcraturc sepons (avciage valucs and range ) of flowering intensity in different scagrass specics
Specics Proportion of shoots Reference

flowering (%)
Halodule wrightii Aschers. 11,7 (4.7-26.6) Johnson and Wi ms (1982)
Syringodium filiforme Kiite. 10.4 (3.8-23.7) Johnson and Williams (1982)
Thalassia testudinum Banks cx Kénig 17.8 (10.0~-29.4) Durako and Mofficr (1987)
7. testudinum Banks cx Kénig 6.2 (3.0-14.4) Present study
Zostera noltii Hornemann 4.7 (1.3-9.1) Hootsmansct al. (1987)
Fostera marina L., 3.9 (3.7-4.2) Sand-Jensen (1975)
Z. marina L., 10 Aioi (1980)
7. marina L. 12.6 (1.3-24.0) Roman and Ablc (198R)
Z. marina L.. 14.0 (8.2-20.4) Ibarra-Obanda (1989)
Z. marina \.. 7.3 Robernison and Mann (1984)
Cymodocea nodosa {Ucria) Aschers. 5.5 Cayc and Mcincsz (1985)
Posidonia oceanica (L. ) Delile 10.9 (0.4-25.0) Pergent and Pergent-Manini ( $1990)
Avcrage overall (range of averages ) 9.6 (3.9-17.8) :
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1987), rather than diffcrences in their relative flowcring frequency (ie. pro-
portion of flowering shoots). The smailer density reached by large seagrasses
(Duarte and Kalff, 1987) also means, therefore, that they should produce
fewer flowers and fruits per unit area than small species. Yet, the larger size
of flowers and fruits of large scagrasses ( Duarte, 1991 ) may balance the areal
allocation of resources (as limiting nutrients or matter) allocated to sexual
effort (i.c. the product of the size and areal density of reproductive struc-
tures) by different scagrass specics. The suggestion that the arcal density of
flowers produced by differcnt seagrass specics is likely to be size-dependent,
together with the size-dependence of rhizome growth, (Duarte, 1991 ) suggest

the rate of scagrass recovery, should also be size-dependent.
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1. We tound I testucis
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Aum 1o bn ahle 10 reach Kigh hiofiass (> 1000 g diy Wi m™) and e

tons (1500 1o 4500 g dry wi mv? annually, of which 10% ware
plants appeaicd to grow slowly, as tef]

Mexican Curbbean. Th
betwenn produ
Caits than found in the past. punsibly as o

content. Calculated maximum <hont life apans tanged between G and
ranyod tram 0.07 10 0.07 In units per plasiochrone intervel {F1) and shoot mortality rate was subst.
tial andt averaged aboul G.045 In urirs P15 Shoots turned oves al ©a 06 y7 . which also fepresents

the rhizome tusnaver ate,

INTRODUCTION

Shallow areas of ihe Carnbbean Sea ste characterised
highly b
wlussta testudinum Banks ex Kogig (oo Hartog 1970).
of the p ot T: tr 15, how-
or, skewed towards populations along the coasts of
srida, USA (n.q. Zieman 1974, Kenworthy & Thayer

tion of lmaves and shoots, and sluwe:
ssult of their luw putient. partivulasly phosphorus,

on aging aof plant materia

wiop highly productive populas
Hocated T the rluzomws) i the
cutent tn longer tima Tvals in
ates any teafl production

3

shizome «lon

yr. shoot recrntment talex
-

We report here data on bioiass and dynamics of
) s in

a air
the Mexican Caribbean, with cmphasis on grawth

and dynamics of rhizomes, both vertical (1 e. short
shoots) and we used

mens und plant dating techigues (Parriquin 19733)
ts elucidate shool age struclute and  population

dynamics. Our stidy of plant growth tollowed,
a . which,

84, Zicman ot al. 19849), d Islancds
iriquin 1973, Buesa 1974, Williamns 1985), und there s
ced to extend these w T

ds alsewhere in the Cant . must of the
Withle date on T testudinum production refer to leal
wth, und there is o remarkable paucity of data on
swth of T fastudinum shizomes (ef. Duarte 1991). The

nat stricily equivalent to conventional {ie. based on
Plant weighti gruwth  analysis, yclds comparable
tesults  and  offers clear operational  advantages
{McGraw & Garhott 19904, b) To compare these
results with  previous tbased oo weight) growth

ity af data should he attributahle to the greataer in-

estin aboveground for sinple t
mtinate growth of Tt festudinum rhizomes have been

sitable for about 2 decades (Patricuin 1973).

ter-Rewnarch 1993

lyses, we converted our demor ot
plant growth to ¢ ! i ght-based) units

by the measured bi af the
with  their h 1

turnaver tunes.
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Plastochione

METIODS & Michelinl 1057, HBrouns 19H5a. b).
intervals reprosent indiract extimatus of tine, which,
we pled 3 Thal. popu- subject to aceu-

itions around Cancun (about 21° N, #7° W; Yucatan
cnfnsula, Mdxico) subject to different degrees of
nthropogenic disturbance. The st population was
axt 10 an undisturbed eorul barrter-reef {reef popula-
wn}, the second grew in the reed-lagoon beach (reet-
goon population), influenced by the nemby tows of
uerty Morelos, and the third urew in shallow, sutro-
hied Bojorquez Lagoan {Menno & Oteto 1941, Reyes
Mering 1991). Previous studies, based on the ident-
cation of annual cycles in T festudinum vertical shoot
rowtn, estimated the annual Jeat production rate of
086 pupulations to range from 17 leaves shoot *yr-?
1 the eutrophied lagoon and the bardier reef, 10 a

rate estimates of time at interannual umo scales (ef.
Brouns 1485a, b). A subsample of the shoots and
1hizomes in cach sample was diied ovaernght at 70°C
to calculole: Sy welghts of these and
laat nutrient (C, N 2 |d P} confents wwre measured in
at of repli-
Gate: samples «<2%) using ¢ Cerlo-Erba «utoanalyser
for C and N contents. and a colorimetrc method,
gy wel aoad d fur P det,
(Kurolet! 1983)
Shoot age structure was represented hy the age of
Loth living snd dead shoots. Although the average ay;
ot Lving shants represents the overall age of the shoot

inimum of 14 leaves shoot an the reef(-lag
such (N, Marbs, M. E. Galleqos, M Merno, © M.
uarte unpubl). These cstitales

eans und are. theretore, aot necessarily arcurate at
1orter ime scales Borause these 3 populatons ditfer
aspects oiher than the unthiopogenic influsnce they
¢ subjuct o (c.g. exposure 10 mechamcsl stress,
arba et al. unpubl ), our goa! 10 studying these 3 pop-
alions was 1o the g lity ot our

. a range of and we dao not
lempt to sltnbute observed diffeionces to anthro-
sgenic disturbience.

it doos g e ex-
pectancy, which s hest m,uewmml by the age at
teler to annual desth. The age dt nsecutive shoots

along the rhizume was usud 1o astimate the e
interval {as plastochruone ntervals) 1in between the

of c c shuots (he termed
shoot plastochrane intervall, and the rate of (hizome
elongation (1.0 the ratio of the length of the rhizome
pece 1o the age difteaence. of. Patrdquin 1973) The
fato of the number of thizome aternodes in hotween
conseeutive shoots to the: age di ence betwoen them
was ased to the rat of thizome

Shouts and 1 af Thal 1 woere
llected in 12 to 24 (depending un plant density)
plicated cores (20.5 or 28 < Internal dismeter)
3hod 10 a depth of about 40 €m an the sedinent
)atse carbonated sand), thereby contawning all bving
womes, Scdiment was corcfully rinsed off the
nples 1o prevent shools 1rem joosing their conne.-
n 10 the thizomes, which wds needed 1o estunate
30t age. We then counted all of the living shouts and
1internodes of the rizome pisces in the sanplie,
inted the aumber and measuted the
Ath of all entire Jedves
1 lenygth (from their insernon 1 the rhizome 10 1he
swing mernistam) of 1the veryral 1hizomnes 1y the short

wis, The tength of the rhizotme picces 1 betweoen
secutive shoats was also measured and the numbes
ntarnades counted to be used to estimate Thizome
wih. an estimated the age of all living (.
wing grean leaves) and dead (Le. devend of green
ves) shonts that mantained 1heir connection 10 Uie
come (>80 af the shonts) as the sum of Jeat scars
1 standing leaves (Palriguin 1973). Dead shuoots
re dated only if they ended 10 u rounded tip, indi-

3

o
iquin 1973). Similarly the growth rate
of verucal thizemes was estimated as the slope of
finear regression equation between shoot ength ot
verticat thizomes (31 and their agn (ie. number of leat
scars, x). All ime estimates based on leat plastuchrone
intervals { e ~hoot age. thizome extension rate, shoot
APPEUTANCS fdte) were Converted into naturdl time by
nsing the annual mean duration of the leat plasto-
chr 21.7 and 21.3 d lor the rect-
tagaon be..rn barrier Tee! and eutrophied lugoon
respectively) hom Marbd et ol (unpubl). Shoeot
martality (4, in natute) logarhm units tme Y cf.
Duarte & Sand-J 1890b) was calcul trom the
age distribution of the shoots by Oiting the equativn

Ny - Nye i1}

whuch describes the exponential decline in shoot tum-
ber (M) in increasingly old age classes with time (¢}
from the onsef on mortahty (¢ = 0).

RESLLTS AND DISCUSSION

All had lsaves depleted in phosphorus

ng that the shoot was not broken. The
~time wints correspond to the average: tim
ween the imtiation of 2 successive leaves on a
ot, tetered to as plastachione interval (P1; Erickson

> interval

telative to ather nutrivats (Table 1), suggesting that
tabil himits thewr growth
i with the

(ct. Duarte 1990), und
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ot ot thizome (.. ) P,

t carb; d sedi upport
grass meaduws (Short 19571 Although the leaves af
nts in the cutrophied lagoon had higher nittogen
icontrations than those of other populations, they
fe most depluted 1 phusphorus ralative to
bon and aittogen (Table 1), suggesting that their
swth may have rn phosphiotus limited despite
sstantial nutrient loading 1 the lagoon. The popula-
1 in the cutrophied lagoon was denser and had
ater shoot bivmass than the teet populations
ble 13 which also had shoots bearing foewer and
wter, leaves. Rhizome biamass was also greates ot

g

lagaon. b fa 10 have
re and longer internodes there than those at the
1 ! (Table 1), this '

s much smatler than that i shoot bivmass,
Ve observed a close relationsiup between thisome
mass and shoeot density, and between shoot deqsity
t shoat biomass [Fig. 1), indicative of a close dupen.
1cw of shout densily and biotmass on thizome dovel

tended to be greater, but not significently 5o, In the reef
meadow (Table 1), The rare of appesrance of new shoots
(1.0 shont P, Table 1) was, however, signiicanty lJower
at the reef-lagoon meadow <2 shoots thizome apex !
yr ') than those at the reof and the: antroplised tagoon
(ca 4 shoots thizome apex-! yr°!). The regression equ
tion deseribing the relationship between the anath (in
mm) of the vertical rhzomes (1. short shonts) and their
ages (in leal Pis) (F1g. 2

luq shaot ength 0.06 + 1.03 loy shuul age  (2)
N L 364, F= 1450, p< 0.00¢

imnlicated that the rate of vertical growth of sliort shoots
did not change sigricantly as shoots becams: oider
(e Hy slape = 1, t-lest, p > 0,501 Moreover, analysis of
covaraice showed the fate of vertical growth of short
shoots 10 be simatar, at abaut 1 mm per leal produced,
tor all poptlations examned (ANCOVA, p <041
Fig. 2). Substontially faster (up 10 10-fold) vertical

nent. Leaf turnover, cstimated as the ratio n
annual leaf production rate and the 16 number
raves pershoot, waes found 10 he fowest at the cutra-
o Jagoon (Tablee 1), The 1ate of shizome growth,
asured us Uie horfzontal elangation rate and the tats

ary o1 tho biotiass o

tasstis rostudinums. Sun

fynamies of e wgrass populats

g may oceur, . in resy 1o butisl
{Matha et al. unpubl ). The slope of thas telaticnshp (1
mm pez Jeal produced) indicates o vertical growth ot
the thizomes of ca 15 to 20 mm yi L which, multiplied
by the density of short shoots (500 10 100U shoots %)

tod. ropresentid by

a barrier r

ndtistuthed v g next t
€h), and a papulation yrowing in a
15 Trom T-way ANOVA (0 tesl o sig
ulated trom other vatiables. * ’nqnll»nonu that it

T

ret.
Ay i nme s onmon vt the Trspsulations are repoited for all vari
e gIBEANLY (201 the athess (HSD Tukey multp
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irable Reot _ Layounerent Boorauer . Fvalue
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24 ~007 3005 4.5 (00001}
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shuots, which lacked standing ltuve: and ended on a

T trom death. Dead
shoots outnumbered Lving shonts 10 the samples, the
aumber of dead shoots which could be aged (i.c main-
tained the connection to the shizome) alune being
targer than that of iving shoots. Most shouts died al ca
20 Pl (e the ge shoot Nte yi und thy
average number of leaves praduced at death did not
ditfer signiticantly among shoots ot aitterent popula-
tions (Table 1) Yet. the longer plustochione intervals
at the reet population imply that their shoots had some-
what tonger Wi expectancies (n days) than these of
thes

Lagoon {e), ann teach (o) s
(+ SE of the Dtted
ot detersunation R

- by the
eyuation ¥ = a X% and the coefli

Tepresents between 7.5 and 20 m of veitical 1hizome
produced m - ? yr-'. These tigurey indicate that vertical
growth must rapresent a sizeable fraction of the: hio-
mass produced.
mem.mnn of the age siructure of Lving shuots
s the of short shoots
<1 yr. whlch indicates that recruitment was not com-
pletnd tor the prasent yeae, and a tendency towards
@ decline in the sbundance of older shuats (T, ),
indicative of shout mortality. The declhnie w shoot
abundance with shoot age was partculatly evident for
the Bojorquez Lagoen population (Fig. 4). which had,
en the average, the youndgest sheots (Table 1). These
data ellowed estimalion of recrutment rates, which
mnqed fsom 002 to 0.07 In umts P17 in the reef

The distribution of shoot due at death (Fig. 3) re-
led 4 clear exponential decline in shoot sbundance
age tor all 3 populations. thereby
lcalation of shont mortality rates

vi
with increasing shor
allowing aceurate

to thuse calculated from the
of tving shoots fe.g. Duarte & Sand-Jensen 1990D),
which yield bissed it shoot recr

vanws substantially among yeats. The mortality rates
calculated from the distribution ot shoot age at death
averaged sbout 0.045 In units PI°P (Table 1), sstmilar
to the magnitude of calculated recruitment rates
(Table 1), and did not dittes stgniticantly among popu-
lations (t-test, p>0.101. Our findings indicata that tho

tally similar
tnortality rales despite (.hlh.-nng significantly in shoot
age structure {Table 1), which can only be accounted
for | secruitment rates vaned during the lile of the
populatiun, incraasing th the sutrophied lagoun and

g in the reef

the lagaon,
(Tablc 1). Becatse tha mean aga of hving sheots over-
estimates ovaralt shout life experiancy, we used tha

The aldost shoots cncountered (whether dead or
living) had ages hotwaeen G and 9 yr, in agreement with
the y of 7 yr reported tor Thalassia testudinum

age-at-death of dead shools 1o better 1his.
The cores large of dead

in the Mississippi. USA, area by Eleuterios (1987). For
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Fig. 3. Thadassie testudinum. The aye sistnbution of Jving andd dead
aeagrass shools in the popuiations sxemmed

the populations 1o temdin stable, the turnaver e of
lnal-beaiing thizomes (e short shonts), which s
equivalent 1o the turnover tine of sheot density, should
be of the: same ardar as theis avetagoe hite expe

{te ca 0.6 yr'\, Table 1) Moicover, recrumie
short shuots should be closely inked to rhizome de
opment (Fig. 1) because the production of new shoots

L un the ge, a hixed in rzo

growlh. ni reflected in the rather undonm number of
internodes and Iength of rinzome produced 10 betweoen

2 consecutive shoots (Table 1) and the close reletion-
ship butween shizome biomass and shoot density
(Fig. 1). Thus, turnovrr rales of vertical {i.e. short

are to be

Bejorquer Jagnon
o1
oty
i oz
03
ot o
Ve
o 21 s

by multiplying these by the biomass of the
ditferent compartmuents. These calculations

that the T, pupu-
lations oxamined should produce ca 1500 1o
4500 q dry wt m~? unnually. of which 10%
wnt rhizome production, similar fo the

epe
15 % reparted, based on st ort-lerm ineasare-
(1973). The Ieaf

ments, by Patriquin
annual

whoot production ratus in excess of G qdry wt
m-2 7Y, corrmsponding to tual turnover rates
of about 1.89% o~ {Table 1). Rhizome growth
was slow, as reflected in lung tune iniervals
1N between production of shoots and low
rhizame clongation rates compated to aver-
s values for T testudinun published in the
past (Duarte 19915 Yet. 7. festudinum
may produce >30 fnaves shoot™! yr 'an the
Mexican Canbhean (Marbd st wl
compared ta <20 leaves shoot=!
sarved In the populations examuned hare
(Table 1}, f expased to high bural. and
ssociated high nutsent supply IMNarba et al

-
wo  12%

unpubl.).
The resulis presented showed  Thalassta

testudinum to Le ablo to develop tughly pro-
ductive populattons on the mostly ohgo-
tropluc Mexican  Canbbean  coast. Roth
the bismass and shoot productian measured
were within the average values reported
for this species (Slevenson 1948H) (Table 2,

susly reported
1974,

Fig 4) but exceeded pre
values for the oan (Nugent ct al.
Tomasko & Lapointe 1991) (Table 2). Stand-
ing biomess and daily Ieat production of
I testudimum wers observed to vary greatly
(> 100-fold}  over ats  distizbutional  arca
(Table 2, Fig. 4}, yet leaf turnover rotes vary only about
fold (Table 2. Fig. 4). This suquests that differences

5.
in apeal datly loat production shiouid be largely depon-
{Duarte 1989),

dent on o
rathe
shoots Thls was rontiumed hy the tact that 88% of
the varnance i tepatted areal daly Ieat production of
T testudinum pruductivity could be acrcounted tor by
nces in s (Fig. 4). Thus, 7' festu-
dinum standing blomass 15 the single tast 1 portant
tuctar accounting for differences in areal leaf pro-
duction, as ohserved 1n Flondas Bay by Zieman et al.

{1949). Standing biomass appears, In turn, 1o be closely
hy nutnent, starly P availability

14992}, The suggestion that P avail-

shoots) and T
sunilar (l.e. about 0.6 yr %, Table 1),

Tha annual biomass production of the pupulations
can be app: d trom our { 1)
estimatas of leaf and rhizome tumover times (Table 13

(Fourqurean ot at
ability may alse contiol T tostudinum standing hio-
the Mexican Canbbesn pepulations we

mass
by the ag

is P
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Tahle 2. Thalasssa tustucdinum. Blomn.u (@ dry wi m?); producti
the

+ range

herses) of

1y (49 dry wt ;2 4°') and turnover {in % d=' i paren
na uverage values for date suportad an ranges prighn i

aeagrass
involving multiple stations, nupﬂrllvvly Cantrol vaiues reported when e work invalved sapwrissntal manipulation of the
eagrass hed. L: luaves; It rhizoae

Location Plant part Hiomans Productiun Source
Cuba L 517 ¢ 180 40+ 044 Bussa (1874)
(1.22018% a-")
Barbadas L 1005 6.5 (1.4 % a4~ Patiiquin (1973)
® 104
Busmuda L 16.5 Patnquin (1973)
® 202
Flonaa (USA) R Kunwaurthiy & Thayer (19441
Filorida {USA) L 1959 0.12(20%%d ") Zowinan (1075)
Virgn Islangs (USA)  © L 14 (V35%d" Williams (1987)
R
Flondn (USA) L Qa%ah Basber & Bulucus (19685)
Pusrto Rico L Burkhiotder et al. (1959)
Flarida (USA) L Jancs (1968)
Florida (USA) 1. 208320641 ‘Thothaug & Roessler (1977}
Texas (USA) i an Ocum (1963}
Florida (USA) L 200 Bauerstuld at al. (1969)
Varacruz (Mexico) L asi Lot-telguecas (1071)
uba L a0 Buesa (1072]
Flarida {USA} L 5 Woud et al. (1869)
Flonda (USA) L 808227 1.84 1 0.43 Powcll et al. (1989)
R 793260 2ornd-y
Rahainas L 200 323 1te%da ") Capan at al. (1979)
Florida (USA) L sy 8y OB $ 0.22(1842035% a"}) .
lize L EEEEY] OH5£018(256£011%d )
Florida (USA) L 49.5 1 9.8 0.87 1 032193 0.12% d 1)
Tarminos L. {México) L 208 1 24.7 b 57 3 1 an Day ot al. (1082)
R .
Florida (USA) L osh .53 . aﬂ. Rittaker & tverson (1976)
1 6981 231 B F 0K
R 0502 0.150.172 602 d This study .

Cancun (Mexico)

obsurved average standing crop (345 g dry wt m—,
Table 2) and that predicted (249 + 147 g dry wt n-?)
from the averagn iead €: P ratio of their leaves (1Le. 618,
‘Table 1} uslnﬂ tha relationship between leaf C: P ratia

yot. only tecently has this technique been used ta
examine reproductive effort (Cox & Tomlinson 1988,
Giallegos et al. 1992) and reconstruct at
ehanges in Jeat production and vertical growth {Marbé
ot al. unpubl.) of T. testudinun shoots. The Tesults pre-
senled here add to these demonstrations of the great

of aging to reliably the

interann

and crop ped by Fourqurean et al.

{1992} for Plonda Bay.
The age structira of the (Fig 3) 1
lation of shuut rtahity rates

dynnnnrﬁ of T testudinum and other species [o.g.
Pergent & Pergent-Marting (1990):

(‘nmlp 1), and tutnover sates of vertical
(Table 1), which wera indicative, in turn, of those of
hunzoatdl thizomes. These rasults dumonshiated o
close agreeniont betwesn mortality and recruitmoent
1atos, as observed lor Cymodoces nodosa in the past
(Duarte & Sand-Jonsen 1usle) and suggested the

in shoot recruitiment,

Cymodocea nodosa. Duarte & Sand-Jensen {191)0a, b)].
and suggest that the path pointed out by Patriquin
{1973} leads to a promusing scientif
provide
aiterpatives tu marking u-chmqu teg. Licman 1974)
1 arcas where tha recinrent visits required by mark-
ing are difficult. These technigues should,

consistont with tha greatar rec
to mortality rates observed in the eutrophied lagoan

(Table 1).
That shoots of Thalassia testudimun can h» o-aslly

therefors, help to expand vur knowledge uf seagrass
dynauiics to semate ajeas.

hus peofect was fundmd by a grant of

aged has heen known for about 2
1973, Durako & Molflur 1987, Cox & Tunxlxmmn 1988),

the Spanih programme of Cooperanon with Latin Ameriea
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Abstract
The vertical growth of shoots of the scagrass Thalassia testudinurn Banks ex Ktnig in four mcead-
ows, alcn; a range of exposure to waves, in the Mexican Caribbean was examined to clucidate its
de and its r i hip 10 13 nt dy Average internodai length varied between 0.17
and 12.75 mm, and was greatcst in the mcndow which experienced the greatest borial by sand wavces
moved by Hurricane Gilbert (September 1988). Internodal icngth showed annual cycles, confirmed
by the flower scars always preceding or coinciding with the annual minimum internodal length. These
annual cycles on the shoot i ion of 1 leat’ production, which varied, on average,
between 4.2 and 19.3 leaves per shoot year—'. High venical shoot growth was associated with long
internodes and high leaf production rate, which increascd with increasing vertical shoo growth 10 a
maximum of approximately 25 leaves per shoot year ~', with vertical growth of about 30 mm year—!
ar more. Average internodal length showed substantial interannual differences from pecturbations
derived from the passage of Hurricane Gilbert. The growth response of the plants surviving moderate
burial and crosion after the hurricant involved enhanced vertical growth and increased leaf produc-
tion, and reduced ventical growth, rcspccuvcly. after 1988. The variability in shoot vertical growth of
T testudinum can be sep into in plant growih, and long-term variability asso-

ciated with episodic perturbations involving sediment redistribution by hurricanes.

Introduction
Seagrasses form extensive meadows over sandy, unstable sediments in shal-
low coastal arcas (Dcn Hartog, 1970). Their response to sediment mobility
involves, for most species, modified growth of their vertical shoots (i.e. short
shoots), which raises the leaf-producing meristems nearer to the sediment
surface (Den Hartog, 1973; Tomlinson, 1974: Marba et al., 1993). Increased
sediment deposition lecads to enhanced vertical growth (Marba et al., 1993)

*Corresponding author,
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to rel the leaf-producing meristems closer to the sediment surface, thereby
minimizing leaf burial. Conversely, reduced sediment accretion rates or net
erosion leads to reduced vertical growth to prevent the meristems from ex-
tending further above the sediment surface, and thus incre.nsing the likeli-
hood of physical damage The net result of these responses is that variability
in vertical growth is closcly tuned to changes in sediment aceretion (Tomlin-
son, 1974; Boudourcsque ct al., 1984; Marba ctal., 1993).

Growth of vertical shoots proceeds by the addition of internodes, the rhn—
zome picces between the insertion pomls of two ative leaves. 1 d
leaf production rate, which results in a greater number of leaves being pro-
duced annually by a shoot, should yield a parallel increase in the number of
vertical internodes produced and, probably, in the annual vertical growth of
the shoots. Moreover, the coupling between the growth of different scagrass
modules (Duarte, 1991 ) suggests that productive shoots, which produce many
leaves per year, may also develop large vertical internodes. Similarly, vertical
internodes are cxpected to be longer during peak plant growth and smaller
during periods of slow growth, as demonstrated for horizontal internodes of
othcr scagrass species (e.g. Duarte and Sand-Jensen, 1990). Variability in the
internodal length of secagrass vertical shoots must therefore reflect the com-
bined effccts of scasonal variability in plant growth, at seasonal time-scales,
and altered scdxment dynamlcs and changes in plant productivity at longer

1) ti

Thalassia testudinum Banks cx Kdnig is the dominant scagrass in the Car-
ibbecan Sca, where it often experiences the consequences of altered sediment
dynamics resulting from blow-outs (Patriquin, 1975) and hurricanes (Gal-
legos et al., 1993 ). Vertical growth must therefore be an important aspect of
the logy of 7" restudi . This tion is ported by recent findings
that vertical growth of 7. testudinum meadows in the Mexican Caribbean
amounts to between 7.5 and 20 m of rhizome m~—? yecar !, and represents a
considerable proportion of annual plant production (Gallegas ct al., 1993).
Circumstantial evidence supports the hypothesized rclationship between sed-
iment dynamics and 7. restudinum vertical growth; Patriquin (1973) ob-
served that plants exposed to high accretion rates had longer vertical inter-
nodes than those on more stable sediments.

In this study we examinc the vertical growth of shoots of the scagrass 7.
testudinum in the Mexican Caribbean. We then quantify the importance of
variability in the vertical clongation of its shoots at annual and interannual
time-scales, and provide evidence that this reflects seagrass seasonality and
plant response to disturbance by hurricanes and tropical storms, respectively.

Materials and methods

Vertical shoots (i.c. short shoots) were collected by divers in August 1991
and May 1992 from four dowsof 7. di Browing across a range of
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exposure to waves in the Mexican Caribbean, near Cancun (Fig. 1; sece Gal-
legos et al., 1992, 1993 for additional details). The meadows examined ranged
from fully exposed to the open sca ( — 7 m in Bahia de Mujeres ) to a meadow
(—2.5 m) next to a barrier reef subject to strong wave surges, a meadow next
to the lagoon-reef beach ( — 3 m) and a meadow growing in a protected coastal
lagoon (Bojorquez lagoon; cf. Gallegos, 1993). In addition, we collected sev-
eral old shoots from an erosional scarp ncar the beach (— 1.0 m) to cxamine
vertical growth under erosional sediment regimces.

The time course of shoot vertical growth, represented by the sequence of
internodal lengths (i.e. the distance between two consecutive leaf scars) along
the vertical shoots, was measured under a dissecting microscope. The time
unit of these sequences corresponds to the time interval involved in the for-
mation of a vertical shoot internode, which equals the time interval between
the initiation of two successive leaves on a shoot, and is referred to as plasto-
chrone interval (Erickson and Michelini, 1957; Brouns, 1985a.,b). Because
time estimates based on plastochrone intervals are lincarly related to those
based on chronologic time, plastochrone intervals provide useful, indirect es~
timates of time (Erickson and Michelini, 1957; Brouns, 1985a,b). Flowering
events along the life-span of the shoots examined were identified from the

Yucatsn

o]
Q]
Peninauls
P Carlbbean Ccoancunlla

Sea

Fig. 1. Map of the study area showing the location of the meadows studicd.
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distinct scar left by the peduncle in the short shoots (Gallegos et al,, 1992).
The sequences of vertical internodal lengths were smoothed (three- or five-
internode running average ) to exclude short-term (lcss than 2 months) vari-

ability from the analysis.

All populations examincd, cxcept for thosc growing at the erosional scarp,
showed some burial. The sediment depth at which living horizontal rhizomes
occurred was 5-10 cm in the coastal lagoon, 10-40 cm in the reef meadows,
and more than 70 cm in the meadow exposed to the open sea (Bahia de Mu-
jeres). Hurricane Gilbert (Scptember 1988 ), the strongest hurricane hitting
the Mexican Caribbean this century (Fenner, 1991; Merino and Otero, 1991),
moved large sandwaves around Bahia de Mujeres (Aguayo et al., 1980). This
caused high mortality (C. Palillo, unpublished results, 1988) and burial of
the surviving shoots, which still had a third of the ltength of their Icaves buried
below the sediment surface. Internodal length ranged widely (0.17-12.75
mm), varying significantly (one way analysis of variance (ANOVA),
P<0.0001) among populations (Fig. 2), and was significantly longer in the
open sea meadow at Bahia de Mujercs (Tukey multiplc comparison test,

- .y

GON 14D 370 @D W40 SGG 9D IF

[
|

e

]

L

O 160 320 480 A40 B GB0 1170 1ZA0

Number of observations

v

)
i
. |
°°m 180 310 480 Se0 ACGO OO 1120 1280
Intemodal length (mm)
Fig. 2. Frequency distribution of vertical internodal lengths for 7. testudinum shoots from the
different populations examined,
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P<0,0001 ), which also showed the greatest within-population variability (Fig.

2).

Examination of the time course of internodal length showed clear rhythmic
cycles in vertical growth (Fig. 3). The number of internodes (which is equal
to the number of leaves produced on a shoot) involved in these cycles (i.e.
cycle period ) was similar in magnitudc to the annual lcaf production for this
species (about 20 leaves per shoot year—'; Duarte, 1991 ), The annual nature
of these cycles was confirmed by the fact that successive flowering events,
which occur between March and May (Johnson and Williams, 1982; Gallegos
ct al,, 1993). were separated by a single cycle (Fig. 3). Flowcring always pre-
ceded or coincided with the annual minimum internodal length (Fig. 3),
which indicated that minimal vertical growth (an indicator of a depression
of seagrass growth ) occurs some time in mid to late summer, whereas maxi-
mal growth rates occur in mid to late winter.

The presence of clear, annual cycles imprinted on the shoots allowed recon-
struction of the annual leaf production (i.c. leaves per shoot year~') and ver-
tical shoot growth, as previously shown for Posidonia oceanica (L.) Delile
(Pergent and Pergent-Martini, 1990). These values showed the shoots of the

Intemadal lergth {mm}

Time since presant (Pl's or year)
Fig. 3. Time sequence (in years and plastochrone intervals, P1) of changes in internodal length

along 7. testudinum shoots, where flowering cvents are recorded as arrows.’
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meadow growing at the recf-lagoon beach to produce the fewest leaves (mean,
14.2 Jeaves pershoot year—!; Fig. 4), and those exposed to the open sea (Bahia
de Mujeres) to have the largest vertical shoot growth, consistent with the larger
burial observed there, and to produce more leaves (19.3 leaves per shoot
year—') than the shoots in the other mcadows (Fig. 4).

Annual vertical shoot growth is the product of the number of leaves (inter-
nodes ) produced and the average length of the internodes. Hence annual ver-
tical growth may vary because of changes in the number of leaves produced
per year and/or changes in internodal length. High vertical shoot growth was
associated with high lcaf production rate and long internodes (r=0.71 and
0.91, respectively; Fig. 5). Further examination of these relationships indi-
cates that average internodal length increases along the range of vertical shoot
growth encountered (Fig. 5), whercas incrcased lcaf production is associated
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Fig. 4. Average ( + S.E.) lcaf production and vertical growth rate for the 7. restudinum popu-
lations studied. *, average values significantly different (s-test, P<0.05) from the rest.
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Fig. 5. The relationship between the annual vertical growth and leaf production and average
internodal length for the 7. restudinum populations examined.

with increased vertical shoot growth up to about 30 mm year—' (Fig. 5). The
asymptotic leaf production observed at high vertical shoot growth (about 25
leaves per shoot year—'; Fig. 5) is close 10 the average leaf production for 7°
testudinum populations (23.3 leaves per shoot yearc  !; Duarte, 1991), and
may therefore represent the upper limit to its leaf production in this area.

The sequences of internodal lengths of the oldest shoots sampled reveal, in
addition to the presence of annual cycies, the existence of substantial (up to
five-fold ) interannual differences in average internodal length (Fig. 3). Most
shoots examined showed modified interannual average vertical growth around
1988 (Fig. 3). the year of passage of Hurricane Gilbert. The hurricanc dis-
placed large volumes of sediments, causing substantial burial in some places
(e.g. Bahia de Mujeres) and erosion in some others (c¢.g. erosional scarp in
the reef-lagoon beach). The growth response of the plants surviving burial
involved enhanced vertical growth and increased icaf production after 1988
(Fig. 3). Conversely, the shoots collected at the erosional scarp showed re-
duced vertical growth after 1988 (Fig. 3).

The increased vertical shoot growth following burial (e.g. Bahii de Mu-
jeres, Fig. 3) and the reduced vertical growth following crosion (c.g. crosional
scarp, Fig. 3) support the association between vertical shoot growth and sed-
iment dynamics reported for scagrasses elsewhere (Patriquin, 1973; Bou-
douresque et al.. 1984; Marba et al., 1993 ). Our resuits also support the idea
that growth of the various plant parts takes place in a coordinated way, by
demonstrating a relationship between vertical shoot growth and leaf produc-
tion rate (Fig. 5). It has been shown that moderately increased sediment ac-
cretion may stimulate seagrass growth experimentally for Cymodocea nodosa
(Ucria) Aschers. (Marba and Duarte, 1993). This has also been suggested
for P. oceanica in the past (Boudouresque et al., 1984), and this is also con-
sistent with reports that burial stimulates growth of dune (e.g. Amrnophila
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breviligulata Fern.; Disraeli, 1984; Maun and Lapierre, 1984) and marsh
(Pezeshki et al., 1992) plants. The relationship between burial and enhanced
growth of surviving plants is, presumably, not linear, for plants should expe-
rience increased mortality as burial increases to reach an upper limit where
complete mortality occurs ( Marba and Duarte, 1993).

Long-term changes in vertical growth werce particularly obvious for the old-
est shoot we collected (Fig. 6). It had lived for about 18 ycars (260 plasto-
chrone intervals) and produced nine flowers during that time, far exceeding
the maximum life span of 9.5 years (Gallegos et al., 1993) and maximum
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Fig. 6. The partitioning of the observed tine scqucncé of vertical growth for the oldest 77 tesiu-

dinusr shoot collected into an interannual component (calculated by simmoothing the data witha
filter cquivaient to 2 years), and a scasonal component (i.c. the difference between the inter-
annual component and the obscwcd sequence ). Variance proporuons accounlcd for each of
Iculated using d ANOVA. e ;

these ti) les were
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tlower production of four flowers (Gallegos et al., 1992) observed for 7. tes-
tudinum shoots in the past. The changes observed involved vertical growth
minima around 1982-1984 and 1988-1989 (i.e. about 70 and 170 plasto-
chrone intervals from May 1992, Fig. 6), probably responding to erosion
cvents similar to those caused by Hurricane Gilbert in 1988, separated by
periods of comparatively high vertical shoot growth, indicative of sediment
replenishment a1 the erosional scarp. This pattern suggests that long-term dis-
turbances of vertical shoot growth may show some pcriodicity (about 7—-8
years period; Fig. 6). Hurricanes (depressions with associated wind veloci-
ties> 28 m s~ ') are the major vectors of sediment redistribution in the Mex-
ican Caribbean, where they occur with a frequency of about 5-6 years (Mer-
ino and Otero, 1991), Thus, hurricanes should be the main agents of the large
interannuail changes observed in the vertical growth of turtlegrass in the Mex-
ican Caribbean (Figs. 3 and 6). In additior to this effect, moderate burial
following hurricanes also appears to result in greater flowering intensity (Gal-
legos et al., 1992), consistent with reports of increased flowering intensity
with increasing burial of dunc plants (Eldred and Maun, 1982). Because of
the low frequency of these perturbations (about 7-8 years) compared with
the average life-span of T. testudinuni shoots (1.5 years; Gallegos et al., 1993),
long-term perturbations, such as those induced by hurricanes, are likely to
occur only once during thcir life-span, and be traced as uniquc events, rather
than cycles in their vertical shoot growth.

The variability in vertical shoot growth of 7. restudinum can thus be sepa-
rated into a short-term component (annual -—— 43% of the variability in the
oldest shoot herc), associated with scasonal changes in plant growth, and a
long-term component (interannual — 57% of the variability in the oldest shoot
here), associated with episodic perturbations involving sediment redistribu-
tion by hurricanes (Fig. 6). The vertical growth of T. testudinum shoots is,
therefore, not only an important adaptative component of seagrass survival
in mobile sandy sediments, but also a record of past seasonality and, in old
shoots, perturbation history (Fig. 6). Evaluation of T, restudinurm vertical
growth therefore holds great potential to reconstruct past-growth dynamics,
similar to that contained in the scale thickness of thc scagrass PP oceanica
(Pergent and Pergent-Martini, 1990), the vertical growth of C. nodosa (Marba
et al,, 1992) and the width of tree rings.
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ZIS within species  (coefhicient of variation
9% and 17 % respectively; Duarte 1991),

/
Horizontal
internodo .

A\
\Rotlll /.

Fig. 1. Modules of a typical seagrass

Horizantu!
rhizome

1
which depends on environmental rondi-
tions fe.g. Hillman ot al. 1989). The annual

mean tor
ditforent species range between 1.1 and
47.2 d PI~' for vertical rhizome (nternodes
and associated luaves, and between 1.7
and 424 4 PI°' tor horizountal shizome
internodes and associated leaves (Duarte
1991}, Thus, annual means of spocios-
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y Only Inaves on
DIFFEAENTIATION OF VEATICAL HHIZOME short shoots
. hort 8hoots, bist
stil with honzontal
tirunches, grow uartically leavas
or horzonally
" -
No vartical } -
rhzomes
. - Thatsasia an
Cymodocea ap.
Halodure 5p.
Synngodismn sp.
!
Z sop. Fig. 2. Giadient of batwen una vortucal thizcimies in difter-
et searass genara: f1om thiv with no Gt antatun 16 OSe which oty have Iraves on the
vettical shizomes :

specific plastochrone Intervals may be used as o first
approximation to translats Pl 1nto absolute tme Ve,

there is consld(\lablﬁ vaniability in Pl within spoties,
s, retlected

rom
bath in ¢ armnang and variabality
atinlerannual und seasonal tunie scales within popula.
tions. C . retiabie ot age

should be based an population-specitic estimates of Pl

duration in days.
The annual mean PU may be remarkably constant
26 1o 31 d for Cymaoadocea

for some species (o.q.
Ouarte &

i Caye & Memnesz 195, Peres 1981
Sand-Junsen 1990u. Terrados & Ros 19921 and vary
y omong ot uther

(2.g. 28 to 69 d in Posiduma ocoamcea, T
unpubl). Ditferences w the annual mean Pl among
populations are likely to denve from ditterence

the growth conditiuns they expenence. Hence, the
rhythin ot leal tormation hes been shown to depend
on Nght availability (e . Hillman et al, 19891, 1emper-
ature (Rarber & Beherens 1965) nutnenr avaifainhty
(Short 1987, Perez et al. 1991), und sediment dypam-
icy (Gallegos et al, 1993}, Interanmual rhlferences n
laaf Pl aceur (eq. Pergent & P rgeni-Martini 1990,

E

(Marba et al 1994a). Interannual vanability in Pl is
usually much smaller than seasonal vanability, such
that the L Pl and

sured by these age determnations is b
AU intssanmal tme scales (¢f Brouns 19854, b),
mates af ayge are, . more
tor long-lived (=1 y5) than tar shuri-fived sosgrass
species (of 1991). This explains why tech
Digues buscd on age delernunations have mostly been
wpphed in the past 10 seagrasses living longer than

1 yr (Fabie 19
d ' in PLas e ble ia the fem-
where leal production is reduced during
Sand.lensen 1625, Derez 19889 s &
Ros 1992) Vet tropical seagrasses abso display souie,
at times ) tity in fesa: ate
(Brouns 1985b) which 1s dattieult to atiribute to hmmnq
light or temperature. This vanabilily tay he trggerad
stead by inra, phenologic cvents, such as ower-
149 and reproduction, wath the assoctated dranage of
resoutces. The cluns tor the seasonal puttern of tropical
es may he annual chanyes in photoperiod, as
has been reported for tropical plants on land (Duke &
Pinzon 1992}, Indeed, growth minima of Thalassia fes.
tn the M o, whese

prrate con
wantes fe g

Marba et al. 1994a) « with Aifter-
ences in growth cunditions (light, nutnanrs. erc.) and
pearturbations, such as altered sediment dynamies

Irradiance und water are
high {van T 1993), tollow »

q (Calle-




199
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of seagrass dy

The il rowth tesulls in annual

gos et al. 1992, Marbd et al. 1994a). S
ity in Pl must be smaller in slow-growing seudrasses,
whiich integrate seasonal variability botter in their long

PI (Duarte 1991).

Direct measurements of the plastorhrone interval
1 of leat P

Direct of th
fd Jeaf - ') are obtained from obscrvations uf the enser-
gence of now, unmarked. teaves on marked shuots

(Zieman 1974).
— Time interval (d) x No. of marked shoots

of seay g
cycles in the size of leaves, penoles, and thizeme
infernoes (Duarts & Sand-densen 1980b, Pergent &
Pergent-Martun 1990, Gullequs o al. 1993) Time
series of module size allow. thetelore, the infurence of
thee number of modules produced aanually. The 1

i batween
leaves unplies that knowledge of the aumber af thi-
some internodes produced per yeas can be easily
transiated 1nto the number of leaves and the ann

mean P
& teat Jevaty Iy «~1 yr (Duarte

1901}, leaves representing consecutive annial longth
or minima are not ahv uny one shoot. Sea-
sonal cycles in leat 5126 are, therelore, Useless 10 recon-

Py
4 No. of leaves tarnsd on marked shoots

Leaf Pl is usually measurod over short penods te
9 10 30 d; w.g. Hrouns 19854), when shoots have pro.
duced al most a single leaf. The busic data abtamed to
cach shoot are, therefure, binary 10 or 1 new leal
tarmed), and the estimated Pl represents the inverse of
the fraction of sheots that formed new ieaves aver th
marking penod. Statistical tables indicate that the
efrar around fractions 15 considerable ot small sample
sizes (Sokal & Rahlf 1081) For instance. 100 . 1
shoots aze raquired to ohtain a 95, contidence b
103, of the moan proportion of shoeots that developed
new leaves when only half of the shoots did <o, 1lene
4 largu number of shoots tuust be marked to obtan
Iy precise : interval
dumnnn tor measurement p.-nnm shoiter than the
expected plastochirone intervals (Brouns 1965a) Alters

struct the uanual mean Pl and only modules reman-
ing in the plaat for mose than 1 yr, allawing the
presence of modules produced during consecutive
arowth maxima (of minunal at any one tune, Con b
used to anfer the annoal mean Pl The petioles or
sheaths of the leaves of soute seagrasees (e g Thalassia
testudinum. Posidonia ovednics, Enhalus acoraides)
1eman attached to the shoots long after the leaves are
sheed. The: thichness of B ocranica petioles or sheuths
Nas been showa fo exlbit annual cycles (Pergent &
Pergent-Marum 1990)  Whether  the thickness of
standing petioles of other speciss sHows similar annual
eyeles Bas however. not beon tested

Swuyrass thisotnes ive tonger than leaves (Duarte
19910, and some thzmnes hve tor decades
modores fivdosd. Duarte & Sand-lensen
' NMarba ot al. 1994a),

natively, more precise Pt ure ot 3 whan
marking periods are extended to have more than 1 leaf
produced. on average, on cach shoot (Hrouns 1985a)
This, however, reduces the temporal rasolution of the

o i the risk of Josmg
. thereby undarestmating leaf growth,

marked leave

R uction tu plastocheone
intervals
Direct af seag tnrhrone mter-
1y and considetalie sam-

vals tequite
Plinig wffort, such thit rescarchers using iaskig tech-

niquus often choose: 10 base ther estimates of sedyiuss
grawth on the absarved teat extension instead of using
techniques based on age geterminations The use of

¥ 1enders g r the must appro-
priate (oul 10 tecunsiruct the annual mean duration of
PI Moreover, eycles i a veruble can only be unam-
higuously identitied 1n series at least 3-fold longer than
the expedted penod  Fhus, use of the bme series of thee
zome intecnodal (AL 16 1eFoRstruct the annual mean
PLis most precise (ur seaglasses whose thizome Hives
tor more than d yr

The uses of annual cyeles i the length of 1hizome
et nodes (ound 1) ANy sragrass species 1o estimate
Pl and subsegquently lea! productivty, was frst noted
vt mianina by Petersen (19131, This strong sea-
conality was later 1301 the Med,
species Cynnsdoces nodose 1Cayd & Meinesz 1085,
Duarte & Sand-fensen 1990b), alowing estunates of
1 Pl sinilas to thuse obtaned vsing direct
{Dunarte & Sand-Jensea 1990b). How.

in Zosi

annual m:

techniques based on age "
more convenient when the PI As .nmudy known. Addi-
tonally. PI can be estimated from seasonal signals

n the size of s (e.g. Duarte
& Sand-Jensen 1990bL, Pergent & Pergent-Marting
1990, Gallegos et al. 1993}, miuch ke the marks itsed
to estimate annual growth of moliuses. Osh end trees

sver, reconstiuction of annual medn Pl from huricontal
of intact

Inzomes feguires the
pieces produced vver mote than 1 yr. It yequices,
case of Cymodoced noduse, Thicolite preces mote than
1m Jong (Duarte & Sand-Jensen 1990a, Duarts 19911,
Hupce, even though bonzontal thizomes are olten suf-
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00
4 -
T testudinum
a
2
1
o
E ) 40 an 120 o 40 60 120 160 200
- <
> 1 C. rotundata . nodosa
3 P a
z 2 Fig. 3. Tune senes of verbral
Z os internodal Jength for deferent
3 9 " anagrassns sampled in 1he South
1 China  Sea,  the  Philppines
N 'rhnlas.ua Ile'lll["ullu
P o
H a .mm.u-c, Fortes unpubl),  te
H 40 el 2 Muxican Cartbihoan 1 Thalussia
i p - testudinum, Gallegos unpubl.),
£. acoroides s £ oceanica an. panish Meditcitanean
. 1705 1d0nIa Orednica and Cymord-
unpubt.}.
] w annual
a N cycivs in vertical growth which
ean be uved to inter tha ni
ber of internodes (= number of
3 teaves) producsd pes shool per
o5 Annwheads inrhicale the
POMEOR 6f succanive flowenrg
20 40 0 o a0 ap 120 wvents alung the shont PL plas:
Time (P} tochenne talerval

dently long-lived to he used for estimation of mean
inual Pl, the lang rhizome ptoces tequored may be

requires that short-term and anterannusl vanabity be
tilterod ont to highlight the scasonal signal. This can
be achieved by applying a tugh- and low-frequency

i€ g. running averages of ca 30 and ca 150% of the
« d in a cycle.

which yields clearer

(ficult to retriove,

We y o bod the of 1 pat-
ms in the of vertical 1
gth of Thule shoots (Gall, et al

92, Marbd n an 1994a), which are caxy to samplo in
. This llmhnu

of

respechivelyt filter to the raw dat,
signal at the seasonal seale (Fig. 4)
The considerable scasonality of rhizome yrawth in
=ome 1mplios that the rate of production of

aved us to the
1gths of shoots of many othnr seayrasses, whn‘h
susutar I signals (Fig. )
«cse nndmgs have g precedent in the study of trops-
| trees, tor annual periadicily in infernodat length
s haen described to; other plants, such as mangioves

uke & Pinzon 1992),
Jurtical rimzome umwm also responds stiungly to

new short shoats, which appear ot regular intervals
along the rhizomes, should be ilarly seasonal. This
conclusion s sipported by many reparts of seagrass
y whuch shaol  recrtment
{i.e. density ancrease) to occir mostly in spring fe.g.
Terrados & Ros 1902; Zostora

en 1975,
ling wun Hence, shoots nppuar

Cymioduina nodasa.
maring. S

anges In "
udouresque st ul. 1414, Gallegos =t al. 1993, Marba

1l 18944, b)), which may disturb the annual mm-u in

1@ saries of vertical iength
annual cycles in internodal length in thes: cases

in coliorts, rather than continuously throughout the
year. This is reflected in the prosence of distinet
modos in frequency distnbutians of shoot age, given
a sulficiendy large (1. ca 1000) sample size (e.q.
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Time since prosent {years)
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Interannual vanatilty
inurricanas)
150% ot annual P}
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0

Average internodal length
“

Suasonal vanaiity
30% of annuar PI

ath
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)
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Residual internodal fen
'

NUswowmold b

Observed vertical
growth dynamics

Observed nteodat fength v

o -
°
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Time since present (Pl)

F1g. 4. Thalussta t8stucinum Swpusation of the Ume serivs of
vertical intarnodal length of samples from the AMesican
Caribbean (Gallugos unpubl.j ntu o i m tntetannoal)
and a ssasdnal compopcent. The long term Comnpos
obtaned applyin

And the soasvnal componens was obtained hy sublactiog the

long-turm component from the tme scfivs. which wax then

futerad for short-turm DUty (1 ramng average of 5

mternodes or abuut 30% of the annual number of leaves pro-
duced per year). PI plastornrone inturvais

Cymodacus nodose, Duarte & Sand.Jensen 1990;
Fig. 5). The presence of these cohorts allows the cal-
culation at the number of Inaves produced per shoot
pPer year as the mnean age difference between cohort

modes (Fig. 5).

Shoot age (yaars)
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Fia 5
111} and ,mm ot tiwroy short oot o e
sampied 1 dhe Sp (Fosidonia aceanica
S et oa hodasa, 510 and the Moxican
Canbiaan { Thaties testdinurm: Coliegos ot af 1097

dutte: agrasses

The annuat mean P can also be wdentified from How-
ering marks in species with a single flowering prriod
per year le.g. Cymodoceda sp., Thalassia sp.). This is
possible when flowenng produres an identifiable sear
on the shoot, whether scars u-n by the flower peduncia
(e.q. the genus Thalissi & ‘Tomhnson 1988, Gal-
iegos ot al. 1992, the gcnus modocea, NMarbd
unpubl; Fag. 31 of other marks. such as the pecullar
fHuwer stalks ot Fosidonia aceanica (Pergent ot al.
1989). Even though tower peduncles may not be
formed in a synchronous manner over a short time
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Time atter flowering (years)
o o8 1.0 2.4 3.2

Thalassia hemprichii
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a 1.7 3s

j Thalassia testudinum
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i
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13

2 ' -.l.-_.._l
o 30 GO

Tima after tlowering (PI)

5. Disttibution of Lme elapsed [as plastochzone intervals
(1) units and yrar) since ditlerent shust shoots flowared in

pulations samplad in the Meucan Canbhean (Thalass
testudinunn, Gallegos ct al 1692) and the South China Sw.
the PRINppInS { Thalassia hempe b, Fortes unpubl.)

Number »f observations -

period (cf. Durako & Noftler 1987), the distibution of
time elapsed since tiowenng (as 1'l) shows dislinet
modes identityung the petiod of peak flowenng (e.y,
fall for P oceanica, March-May far T testudinum in
the Mexican Caribbean: and May -June tur €. nodosa
in the Meditartancan) 1n successive years (Fig. 6). The
timne diffetence betwaen these Howerning made
spands to 1 yr or toultiples of tus tune (Fig. 61, ther
allawing the eatithation of the sumber of plastochrone
intervals in 1 yr as the minunum common wultiple of
these modes. Esnmates basad on the wdentufication of
flowwnng inarks shuw good agreement with indepen-
dent estimates (e.g. Gallegos et al. 1992}, but may
overestimate the FI tor speces which shioots reduce or
sap leaf production during tlowerning M. J. Duiako
pers. comm.). Because of tha low traction of shoots
flowering each year (about 10% an average for ditfer-
ent soagrass spocies: Gallegos et al. 1992) wuany shoots

ot

! mterval using

of the

subject 1o diffy sources of
mrnmm--ndud that several
o cross-
lable tesuits,
of annual

age 13
uncertainty. It is, therefore,
of these be ased

hee

that the e
Inean teal produetion per shoot obtained using Fecon-
struction techniques aie strongly corrcleted to the
observed tusing marking techniques) annual leat pro-
Auction (no. of teaves shoot Tyt 1),

Observed - 2.5 (x (0.75) + 0 85 (£ 0.06) Reconstiucted
{R? - 0 96, p < V.000T)

although there 15 & weak tendency fur reconstiucted
values to be soinuwhat lower than those denived from
x for spacies p a sman
number of leaves per shoot annually (Fig. 7). Annug)
mean Inat production per shoot estimuled using recon-
struction was not 1 Ny differant
Irom estimales ubtained using marking techniques
(mean difference betwesn obscrved and reconstructed
0.22 3 0.54, p~ 0.69, Fig. 7). thareby dvinonstrating the
potentia]l and vahdity of reconstiuclion techngues.

y the too! bux

Seagrass grawtl

uction e alaw of the

rate ot 1 of Thus
information allews the epplication of demographic
growth  analyas, which  ylelds  9rowth  estunates

remarkably cluse to those ablained using traditional

ired te g Sand.
by Flence, the
here hold

ucnion
great potential as altes Bative Methods 16 estithiate se

set of Juc

grass production (Patniguin 1973, Pergent & Pergent-

NMartini 1990, Gallegos et ul 1993).
“The descrptar of scagrass growth which can be maost
reattily vblained using Tecanstruction techniques is the
average number of deaves produced annuoally per
shont All the reconstr o the
mean annual Pl desenbed above enable the caleula-
ton of the number of leaves produced per shuot (ie.
3uS/PT) This can be ised as & surrogate of seatrass
growth, 1 yoneto
vanability 0 seagrass growth. Using this technique
Pergent (1990) wdentitied a 3 10 6 yr cycle and an 11 yr
cycle in the yrowth of Posidoma vcednica: Marba ot
(1994a) doscribed incrseased growth of Thalassia
buricd <70 cm by sand by the passage of

al

need be to ensure
plastochrone intervals 1a this way.

tinrricane Gilbert in the Mexican Caribbean; and



unpum) Tha Cariban Sea ol vacatan Pemm
tititormo, Gt o

China, s«.., tha Philippines (4 Thals
Cymaduce

unpubl ) and the Svuth C

reulota. & Frihuaton scotoides. Fortos unpul 1

Fortes {uapubl) identiflivd o corelaion between

growth of Enhatus and
patterns. This technique may prove particularly mr-vul
tu study thw ¢ s of por (0 seag
populations for which nu backgraund data exist. In

of the je number of leaves
annually produced per shoot allow calcutation of the
average annual lvat turnover and leal production,
Annual leaf turpover cun be calculated os the jato
betwaen the nunsber of leaves praduced por year aid
the average number of standing legves per shoot. and
annuasl shoeat lwal production as thee product of
number of leaves annually produced per shoot and the
mean weight of tully developed Inaves.

More important. 1hese hnuques also cnable recon-
sttuction ot Thizume grawth (Patriquin 1973, 1475,
Duarte & Sand-Jensen 19904, Pergent & Pergent-
Martini 1990, Terradas & Ros 1992, Galleyos ct al. 1993)
Patriquin [1973) aoted that the growth rate of the rhi-
2ome may be oblained by dividing th length of the rhi-
zome between 2 shoots by the ditterence in the agos ot
the 2 shoots. This simple ratio is, however, appraprate
only for species producing new shiools along the rhi-
zome at tune intervals longer than 1 1ceat PL so that con-
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Fiy. 8 k»x.ummmp butwuan the nuinbes ut rRIZome uiters
nodes in bet thoots connucted along rhizome chain
it sampled v the Spaneh Medileratiean (Crmndacns
nodosa, Duarte impubl) aiml the South Chisa Sea, the Phulip-
puns (Cymo qoces sotundata, Fortes unpubl) and thess ade
The stopes of these relationships ildicate the
e
in combmation with the average
rhizome

i

secutive shoots u.um 0 age by = t leal PL An aliurna-
Uve, more arcarale, way to !

rate st regress the numbw of Lm—rnndns in between 2
shoats connected alony « rhizome piece against theis
age difterence (Fig. 8]. The regression slope represants
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Fig. 7. Rulationship butween the numbeer of feaves produced
annually, estimated using Iunarking and (ecanstrucnan
techniques. lor diffcrent  seadrass species  sampled

the Spanish Mediterianvan { e Posidonia a
manna. v Zostcre ooitn, O Cymoducas nodoss. Marba
unPuhl ), the Caribbean il.-a oft Yucatan Pumnsula, h-l"ln.()

uupuhl } and the Suuth Cluna Se. th
sla hemprictl, "y v rotundata,
rralats, & Frituatos sarontes, Fortes unpabl )

Fortes (unpubl) ientiied a correlation hetween
growth of Enhalus acoroides and interannual wealher
patterns. This techaique nmy prove particulasly useful
1o study the - 10 3
popuiatiuns for which nu lmrkq'uund data exist.
agdition, estimates of the average numbes of leaves
annually produced per shoot allow calculation of th
average annual leat turnover and leal production.
Annuat Jeaf turnover can be calculated os the tatio
betwesn thie number of leaves produced per year and
the average nuniber of standing leaves per shool, and
annuasl shoot lea! production as the product o the
number of leuves annually produced per shoot and the
mean waight of tully developed lraves.

More important, these techniques ulso enable fecons
struction of rhizome growth (Patriquim 1973, 1975,
Duarte & Sand-Jensen 1990, Pergent & Pergent-
Martini 1090, Terrados & Ros 1982, Galleguos ot al. 1993)
Patriquin {1973) noted that the growth rate of the rhi.
2ome tay be obtained by divading the length of the rhi-
zome between 2 shoots by the difference in the ages o
the 2 shonts. This simple tatio {5, however, appropriale
only for species producing new shoats along the rhis
zome at tune intervals longer than 1 lcat PLL so that con-
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Fa onship betwasn the number of chiz

9. 4. Rel
nouws o betwesn shoats counucted along Thizo:
ana sempimt i the Spaunh Mutitorrancen (Cymodoces

v Darte unpubl ) uid the South Chinia Saa. the Pralip-
» (LyTndocea sofundats, Fortes unpubl d thuir age
ces. -nm viopes of thus mlnlmnnnpl nuhn:ln the

itrval (P and -llluw. In comipimation wth the “average
ternodal length, calculation af shizome clongeton rete

secutive shoots differ in ago by > 1 Jeaf L. An alterna-
uve, mMore arcurafe, way 1o calculute rhizome wlongation
rate i3 to tegress the number of internodes in betweaen 2
shonts connected alony ¢ rhizome pioce against thoir
aye differance (Fig. 8). The 1egression slope ropresants
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erant seagrass species samplud in the Mexic
(rn.-mu/.. testudinumm: Marba wt al.

Shoot age (days)
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wl 1
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9. Relationship hetween

he Jength ot vulucal shoots wf

the of rhizume
per P1 (rhizome PL of. Patnquin 1973, Duarte 1691,
Gullegos et al. 1983), “wtneh can be translatud into thi-
zome 1ate by ing this slope by the
average lenglh of & thizeme internods.

The growth of vertical ihizomes (i, short shoots)
allows sragrasses o survive sedutnent arcretion
i X que of al. 1984, EI
1987, Marba et al. 1994a, b) und contnbute to rhicomn
production (Gallegos et al. 1993). Vertical qrowth cun
also be easily calculated by regressing the length of
short shoots (from their insertnn an the horizontal rhi-
zome to the apucal merstemn) sgainst shoot age, with
the slope representing the vertical elongation jate

enables ane, 1n
as the surmn

)
Knowledge of rhizome uu-wll\ rat

e, to catculste arcal
of the productioi uf horizantel and vertieal thizomes.
Thizome: can be 1 as the

product of the elongation rate. the number of qrowing
rhizome apices per umt ared, and the specific weight
of thizome matenal (Patrquin 1973). The areal pro-
durction of vertical rhwzomes can be estimatod as the
product of ther elongation 1ate, shoot density, and the
specific weight of thazame motenal (Gallegos et al.
1993). Seagrass 1nots often appear 4s a bundls al the
insertion ot shoots un the thizomes, and root hiomuass is
tinearly scaled fo shoot denuly (Francou & Semroud
18992). Because the number of thizome intesnodes in
wetween consecutive shoots s relatively constant aned
wasy 1o (g 1 19734), roat prod
tivn can be calculated ws the product of the root'weight
per unit rhizome bBiunass and the production of hori-
zontal ruizomes. The production of roots in the vertical
shoots can alsa b vstimated by regressing the nuimber
01 blomass at roats formed against shool age (Duarte
unpubl.).

Reconstruchon fochnigues wote hirst used b nea-
sure production of Zosterd martia by Petorsen
{1913), and both leaf and 1hizome production of Tha-
Lassia by Puatnyg (19731,
they huve besn Lsed 1o measmie the pruduLllnn ot

[ Gallegos et

T n the

al. 1993} to reconstuct the teaf producnon of the
¢ (

& Pergent-Martim 19801, and the rhizome alongation

and production rates of Cyvmodocea nodosa (Pere?
1989, Duarte & Samd-Jensen 1990a, b, Terrados & Ros
1992). These studies all demonstrate that reconstruc-
tion provide reliabln ot
and are § ful tools to cxpand vur
knowledge of seagrass growth to remote arcas where
b

Marba unpubl ). and Their a agn

x‘asu) and mn bmmhll
odosa;

the 1epe visits 16q y
aro difticult. They also umkn large-scale surveys of
seagrass growth  wit ed resources possible.




Dudste et al.:

of qi

lenca, increased use of reconstruction techniques
10uld help expand and balance tha geographic distri-
ution of our knowledgu of seagrass scolagy.

Secagrass population dynamics

to the rhizome for somn time after shoot death.
Shoot death generally Snvolves the deuth of the Jeat-
producing mesistem 30 the shoot apex, which sppears
ta be precedad by a narrowing of the meristem and
production of very thin leaves (Gallegos ot al, 1993,
Duarte pers. obs ). Hence dead shools oftnn can be
diftarentiated from broken sheots, because they have a
instead of tr d, apex {e.q. gencra Tha-

Seagrasses dare modular plants with a4

roduction, und loss, of snodules (fomlinsun 1974).

his continuous turnov.-r ts most evident for leaves.
l

ol
l‘l74) How.

dasnia, Cy X
Gallegos =t ul. 1943, 1499, Duarte pers. obs.. Fortes
pers. obs.). The presenca of many duad shoots 10 sea-

yrass na squence of their

i repi th
ser, snagrass shoots are ulso subject t0
nover which is reflected by the age stiucture of the
100t {Duarte & Sand-denswn 1940b, Gulicgos ot al
192, 1993, Perez et al. 1994)
Scagrass shoots have an age structure often characs
rised by few very young shaots with 1 to 2 leaves,
any young (<1 yr old) shoots, and exponontially
selining numbars with incieasing shoot age (Fag. 9)
1 relative scarcity of very youny shoots is hikely
counted for by Painquin‘s {1973) obsarvation that
e first leaves on vertical shoots are produced much
ster than sutisequent leaves. The expunential decline
shout abundance with increasinyg age results from
out mortality und allows estiniation of expencntial
oat martality rates (Af In units time ) ax the nesga-
@ slope of the expunential equation,

Ny o= Nywn ™M
1ere Ny = sumber of shoats with age equal to the
>de; and N, = number of shoots alder than modal
s0ts by time & This calculation assumes constant
nual shoot martality and recritment rates. snd may,
swefore, involve arfor when this asswinplion 15 not
filled (Gallegas et al. 1693). Annual shool recriit-
AT LCR (R, 10 1Nis yr ') can ulso be calcalated
m the total number of shonts (.0 N and the num-
r of shaals older than a year (X5, M) in the shoot
aulation (Duarts & Sand-Jensen 1990b, Gallrgos «

1y

1993} us
Rypons = ln}‘_'N, - mZN, 2

rustment and mortality tater
which

swindge of gross
ps forecast
»ends on net annual shool recrUILMeNt {Ra,,), Siice

Romr = Rypeme - AL )

itive net ahaot recTuitment rates predict increasing

grass density, whe
shoot rocruitment rales are in dechne (e.g. Duarte

and-Jensen 1940b},
rayrass rhizomes ofton decompose stowly (Harn-

1988), such that vertical shools remam altached

tnover and s a o nt teol to 1aconstruct sea-
grass growth (Gallegus ¢t af. 1993). The median age of

Uead Shoots represents then Inedian Life expectancy
forres, o 184 indicatar ot shoot turnover

and is, the
time (Gallogos et ol 19931 Indued, the hie expactancy
of shoats inchicates the median time 163 alf shoots 10 die
which should be g Lo the El
approaches stoady state, 10 the turmover time of shoots
Hecause the spoots appear at reqular intervals alony
the thizomes, the shoot lurnover tme calculated in ts
way should Le of the sane order as the thizome
(Clallegos ut al 1943)
of shoot

£

turnover tune
t-death is

The frequency
often Gitted much belter by an exponential loss function

{Fig 10) than that ot living shoots (Fig. 5;: Gallegos et al
194:3). The reason for this s that the distribution of age-
at-dwath rombuaes all shoots dying at a particutar age
segardless of which yeas they wete produced, henee av
raging ol interannual vatebility in recruitment and
mottahty (Gallegus of al. 1991). Mortality sstunates
dertved from the distnbution of age-at-death are, there-
tore, more robust than those ahtained trom the distiibu-
von of iving shoots (Gallegos =tal. 1943), but represent
average estinates along the hite span of the shoots
Aortality and recrugment estiates are uscful to
evaluate the stutus of seayrass meadows und to ture-
cast then rAQTUbS a1 near
steady Stale shoidd show o balanre betwern shoot
mortality and recrustment. Deviations towards recnat-
ment raies higher than mortality rates and viee versa
are indicative of expanding and dechiming populations,
respectively (Duarte & Sand-Jensen 19906). tn add-
lion, Quantfication uf sesgrass shoot Iife span is a con-
rrpent estimate of what the average hta span of the

v
rhizome materiu) might be.

s and rep

Seagrasses often expv.-m‘ncn mass mortality and sub-
n the of their

stantjal
(Kemp et al. 1943, Camhmlqe & MrCumb 1984}, wmch

has far-r
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Shom age (years) (Duarte & Sand-Jensen 19%90a). Scagrass patches often

o 1 welop by seed by estab.

- N T lishtnent and expanson of the formed patch by

" Posigonia oceanica shizome growth (Duaite & Sand-lensen  1990a).

15 ety allow seu-
grass tlowering intensity, which sets an upper lunit to

it tha sewd production passible. Flawenng intensity can
often be hecause of flowsr

a0 60

17 a8

23 e %6

Cymodaocea nodo;;_’
100 ]
s0
i
° ‘!’1 ang g 60

30
Shoot age (Pi)
.10, q of 1 of short shouts
difterent -uqmnm sampind in mc Spanish Muditer-
{Pusidonia ocwanica and Cymod: nuoifasa; Duarte
and the MEXJC-H Canbbenn lTMaIuUIMI testudinpun:
legos et al. shuwing the exponcnual ductis: 1 shont
¥

scars {og. Genera Thalussta. Cymod
Durako & Matfler 1987, Cax & Tomunson 1988 Gulle-
1693, 1994, Duarte pers. obs., Fartes pers,
obs) or flower predunclas (w9 Pergent & Pergent-
Muartun  1990) alows calculation of both the tune
elapsed since the fluwer was produced {1.e. number of
Inaves and leaf scars produred since appearance of the
flower scur). and the age at which the shoot flownred
(i nuMmbes of Jeal scars lruti the shoot mserhon point
to the tlawer scar: Cox & Tamiinson 1984, CGallegos et

gos et al.

«l. 1892). ! ot shuots
yiolds, thet etore, considerable insight into the zepro-
. such as of

ductive biology of
past lower intensity (Pergent ot al. 19849, Gallegos et

al 1992) ang of the aq: ¥ ot
shoot fluwennq 1 Gallogos et af. 19

42
of limited use to

assessthe pnrnnunl tormation ut new patches, which de-
poends on seed production, gefminabon, and the survival
and subseguent growth ot the secdlings. Yet, scedling
Produchon and SUrvIvorship carn alsu be estimated using
reconstruction  terhnigues  (Duatte & Sand-Jensen
199Ua). grass sewdlings can he casily adentfied
because they often luck rhizome connections to vther
shaots and because they often fetan Femains of the seed
cout al thewr base. Seedling age. as estimated from the
nwnber ot loaves and leat scars on the short shoot, 1ep-
ents the tme elapsed since germination. Estimating

net seedhng p lrnm
ot tundance ar
{Duarie & Sard-lensen xrmo..) Moreover, the age dis-
ot often pros asharp

dechne which ullu\v.\ estimation of seedhing mortalty
1ates (see above) Seedhing survival, however, 15 not
to cnsute furmahion of 4 Rew sCaygrass patc,

dis with age that allows rate

sediment arosion und luss ot acsnrmlnll hlolu (Chns-

tur seedlings nay suzvive without praduring horicontal
rhizomes end new shoots (Dusrte & Sand-Jensen
1490a), The proportian of sru(‘llunl: producing horcon-
talr as woll as the tming of this cvent, can also

Wuarts &

asen «t al, 1981}
therefore, important to predict ecusystem racovery.
ere is, a paucity at

* data on the rate of seagrass recevery which pre-
s the development of models to forecast this

cens,
tecunstructy ate lushle thols 1o

asure patch t tion and pateh ratas,
mauy processes involved In seagrass rccovery

be eval using rec
Sand-Jenswn 19904} which allow, therefore, quantifica-
tion of different aspocts of soedbng growth and the
establishment ot new patches

Swagrass potchus expand through rhizome growth
leading to space occupation (Bell & Tomlinson 1980,
Doarte & Sand-Jensen 1890a) ‘The maxunal rate of
paten 1s set by the 1 tute o tal




207

Touarte sl al..

140N Of seagrass

but tus 15 nut L]

'X hls Allnwﬁd the estimation of the migration velocity
vver Cy

L 1 in natural potches, The
fowih of the rhizomes 0f many seagrass species {Ton
linson 1974) unplies that patches grow centrifugally
ung r ern). which branch subse-

quently to occupy the space and increase local density
The ratn ot patch growth and internal biomass develop-
ment can also be quantifisd Lsing Jeconstruction tech-
niqures (Duarie & Sand-Jensen 1990a b). The location
within o svagrass patch where the oldest shools are
¢ncountered reptesents the site of patch imtiation,

nud(na p.ucho-s ino bay by
the tune intervat ot dunes
over a seagrass patch and fullowing the Hime course of
transit of INAIVIUAl Subagueots Junes OVer seagrass
patchies (Marba et al. 1994b).

I addition to their use a5 tacers of seehment accrehon
and crostan, seagrasses are also usaful indicators of
changes 1n sodinent chemistry, The rhizomes of the
lun-:-hvmu Mudites ranean seagrass Posidonia oreanica

record of fallout,

> these are that the tifes
expectancy of the speaies examined (Patnguin
Duaste & Sand-Jensen 19904} Similarly, the gradient of
maxtmal shoot age along the main axis of seagiass
patches provide cstimates of the time course of patch
arowth (Patriquin 1975, Duarte & Sand-Jensen 1990a).
The horizontu] gradient of maxima! atje across the patch
pateh oxy rate,
SIGn equAation Telat-

axes
calculated as the slopa of the o
ing distance from the patch inargin to maxinal shoot

age (Duarte & Sund-Jensen 1990a)

nAygrass as Hoacers of sedunent Hansport and
chemistry

Scagrasses may inhatt highly dynamic substrates
and adapt to srdiment accrenon. and burial, by the
ability to grow vertically (see ubove) und raise the rhi-
zome meristes to the new sediment level. Seagrasses
relocate their inenstems closer to the sediment surtace
atter burlal By speeding up the veitical growih of thar

which clusely matched that at knawn atmospherne load-
ing (Pergent et al 19834, Calinet ¢t al. 198H). Tis capac-
1at usenil i long-bvesd seagrasses, whose ussues
des (Cyg. nca, Ei
Thalassodendron aliatum). The use of soagrasses as
tracets of past chemcal suvironments is probubly
resticted o campounds not greatly involved i metab-
shism and rapidly tunslocated withun the plants. De«pm:

. this sa of
further.

tys
reanain for d

the obvious
has not been exj,

CONCLUSIONS

The ability to determine the age of oiganisms bas
proven most useful in elucnluum; ther ecology and
by the power ot

trew fangs 1o mronsuurl past chimates, and the power
of growth nngs 1n otoliths and mussel shells 10 examine
orqantsmal qrowth rate and its mterennual varisbibity
rolation te known perturbations  Similarly. we
here that the ability to determine the ago
15 A strong instrumental tnol o

m

shoots and develop new layers of rh
ters-

ot

from in vertical a. Thal
tudinum. Tomlinson 1074; Cymodocea podosa, Cays &
Moetnesz 1985) Fatriquin (1873} list noted that the

recanstinet key of
(gruwlh‘
¥ ales), as well as 10 feconstIuel processas in

i} ettort ung

vartical growth of T2 shoots diffesed con-
y among 1 an 1 that thus

could be used to estimate sedimantation rates. His siig-
yestion that b(‘nqhﬂsst-s hald patential as tracers of send.

iment was el urthe:
uon of tue extent and ‘migration’ of erosional scarps
'} along T usIng age

The clowe coupling

determinations lPutnquln 1075)
verti-

ratoes and

cal growth has buen demonstated since for other
turtlegiass meadows off the Yucatan Pensnsula (Marb
et ul. 19944}, as W(_'Il as tor the Mediterrancan species
s et ). TOHA) and ¢

nodosa (Marba et al. 1993bj.
‘The coupling between seagiass vertical growth and

sudimeat sceretion is »o close that abrupt changes in
the length of the vertical intemodas can be used to
trace the timing of burial cvents (Marbd ot al. 1984D).

<

T sudimont environment

Thr use of s sot of lechtngiies is Tesincted to stud-
11y tocused ol annual, o1 longern, e scales. Accord-
mngly. the upproach desenbed here §s most powerful
when used to examime lang-hved scagrass species
Yer, the s of lechnigues Lused ofl age delernunations
was hirst demonstrated for Zosters marnna (Petersen
191%), with 1hizome chaws lasting only 1 to 2 yr, and
we have succesatully applied thesa techniques to study

ll

short-lived species  (Halodule wrightti and Syring-
odium filitorme, Galleavs et al, 1994). We contend,
determina-

therefore, that techiuques based on age
tiois should be applicanle to mast seaglass genera.
Hunce, reconstruction techmques increase the possi-
bility to smprove and inrlaase the balsace of vur
knowledge of the role of seadrasses m the planet's

cuaslal zones,
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Growth patterns and demography of pioneer Caribbean
seagrasses FHalodule wrightii and Syringodium filiforme
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ABSTRACT: Thy shivat demodtapty and rlusonm growti of
- and right Aschers

ere natiad. baved on plant dating lechmu
jor thew role as proweor AULCERSIN iU
(R} wutslits that thess spa-
€1ms ate able o develop dense meadows, supporting bio.
miasses in cxcess uf 500 g PW i ¥ Thuy producad mors than
2000 4 W M7 yr ! duee 10 their tigh teat (S 0ta 1S yr ') ana
rhizome (20 to %3 yr-' lurnover, Rhizome growth and
hranching rates wete very high. allowing thes: seagtasses to
rapidly exeupy the space they colonise, The rapid iz
turnoves iInvolveet, howevir, o high Kbt tality suta and
fow lite_expectancy faverage shoot lite tancy 100 to
180 d). Thas umplics that. while these pronees species aro able
to rapidly cccupy thet space iy colunme, i establistind
huots Cannot occupy that space 10F a8 IDhg as the more Jon.
livad species Thalassis testudimnun We suggest. therelot
that the sule uf soagrass species ax planeet of ol
su independant of thet Caparity to su:
populations, and 13 closely related to shoot longovity and 1hi-

zome turaover.
KEY WORDS: Hhzome growth - Shoot age - Hiomass

Production

Katz. and

The
Haloduie wrightis Aschurs. occupy et important role as
pioneer specles in the Canbbean Sea (den Hartog

1971, Patriquin 1975). Thay colonise denuded eedi-
+ ti the chimax

por i
of Thal Bunks ex Komg it
tho successional sequence of Caribbean scagrassos
(den Hurtog 1971. Patiquin 1975, Wilhams 1987,
1990). S. fijitorme and M. wrightii also devalop monn-

ments t

*Addressee for corresponduncy
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SIC, Caminn de Santa Basbare 10, £-17300 Blanes. Girona, Spatn

specific meadows i the area (Gilhert & Clark 1981
Iverson & Hiltaher 1980, Van Tu.u'nblut-k 1994). so
that. in addition to their role as ploneer species, they
mdy also be 1mportant prmary prnduﬂ-rﬁ {Zieman at
al. 1084, Short et al. 1993). Most studies an ' These spa-
s have Jorused on leal biomass end  producton
(Vinstein 1982, Fry 1983, Barber & Behrens 1985, fver-
son & Bittaker 1986, Rleutenius 1987, Willams 1987,
Fry & Virnstein 1988, Zieman et al. 1949, Van Tussen-
broek 1994), but reports of their thivome growth and
demography are as yet few (Eleutenus 1987, Zicitan ¢
al. 1989, Duartc 1961}, Knowledge of their rhizome
growth sates and demogrephie dynamirs would, how-
ever, Belp to interpret the dynamics aml maintensnce
of the meadows these species develop (Duarte & Sand-
Juensen 1940a, b)

©On the basis of adala obtmnnd Lsing plant dating
techmques (Patnpun 1973, Gallegos ot al. 14993,
Duarte ot al. 1094, Marba el al. 1994), we describe the
hiomass, und rhizeme and shoot dynamics ol 1nono-
specitic wrightis
moadows in the Mexican Canbbean.

Methods. We studied shaljow (1.0 to 1.5 mj mmono-
specic 1 ! S and 7 falod-
wule wrightit on the reef lagoon near the town of Puerto
Morelos (21% N, H7° W, Yucatan Prninsula, Mextcn;
. 1984), using the approach described by
Gallegus ¢l al. (1993 In August 1991, the ime of max-
iInum scagrass biomass in the area (Van Tussenbroek
1964), we tandamly collectod 6 and I cores (20.5 cm
internal iameter} from the 8. fildorme and §1. wrightif
ineadows, respectively. The cures were pushed 40 can
into the sediraent to collect the shoots down Lo therr
msertion in the rhizomes. which was needed to asti-
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mate shuot age (ct. Gallegos et al. 1993). Sediment
(coarse carbonatn sand) was then caratully washed ot
the samplos, all the Jiving shoots and the standing
leaves thay supported weota counted, snd the presapce
of tlowars Or fruits recorded. We also noted the oumber

of branches tn the borizontal rhizomes as well as the
brtween

the: entire sample, 1o
Sallegos et al 1693)
1 lsavest and

estimate thizome growth (cf

1084) by tutting the equation
N, = Ngw

which describes the exponential decline in shoot num-
ber (N) an increasingly older age classes with tume (1)
tram the onset on mortality (¢ < 0). Shoot recrintment
tates were thea ealenlated as the natural loganthm of
rse of the traction uf the shoat populaton older
than 1 yr (IDuaite & Sand-Jensen 1990b).

Results, flalodule wrighth and Synngodium tii-
lush e stands in the rect

the inve

tormie

he age of Iving (i.e. bednng o
deud (i.c. devnid of qreen lcaves) sh
as the sum of the number of Jwal scars and standmg
teaves (Palnquin 1974, Cox & Tombnson 1988, Galle-
gos et al. 1993}, Dead shoots were dated only if they
ended in 4 rounded Up, indicating that the shoot was
not breken (Gallegos et al. 1993) The aoe umits
obtainsd were plastochrons: intervals (PIs), which rep-

b was

laguon, reaching a high shoot density and high bio-
fuass of shoots and rhigomes (Tablc 1), Rhzome ins
ternodes of 8§ fildonne weie thickes and Jinger than
those of 24 whghtti (106 + 025 and 202 =

internode !, respectively). and the 2 spocies formed
a dense netwatk of 228.5 i and 216 8 m of thizome
Shoot density closcly resembled

rosent the uverage tme intmrval the
of 2 successive leaveas on o shoat (Eitckson & Michelin

1957, Brouns 1985).
examined the ime course of vartical inte
of the oldest shoats sampled. to wlentity annual cycles
w1 the length of vertical internodes (ot Duarte ot al
1994. Marbd et al. 1994) The inveice of the number of
internodes in a cycle (number of lsaves yro') cotre-
sponds to the unnual average Pl (cf. Duarte ot al. 1994,
Marba et al. 1444) which was used to converl Pls into
absolute time unns.

The data set sbtained i A
mented with inf on 1

imal shoat age, and t s of inf
tength for old shonts. These warn abtained dunng 2

more visits in the spring of 1992 and 1993 (sumnple siz,
about 2000 and $000 shaots tur Sysngodiam fidorne
and Haledule wrightn, sespectively)

teul by

t 1991 was comple
L -

m X
Ihizome mternode density (Tabie
spucies produce 1 short shoot ol wach 1hizume inter-
nude The numbet
shuots and therr age differcnce were closely corra-
lated tp < 0.0001). The slope of the Tegression equa-
tons describing these retationships indicated that H,
wrightis and § tilforme produce 1.81 3 0.17 and 2 81
0.27 intarnades It ' respectively  Shoot vertical
growth was cal 4 trom lysis be-
twewn shoot length and shaot age to e 0.56 ¢ 0.13
and 012 » 0Bt em PI7' tor 8§ fliforine and
wrightis, respoctively tFig. 1), The distnct seasonal
Pattein in e sequesce of vertical internodal length
g 2} alowed caltulation of the avaerage numbes of
verrtial siternodes (- number nf leaves) produced per
shoot per yoar, and the average P tor the 2 species
h were used tu calculate annnal rates
1 from rates per Pl {Table 1).
s and 9.3% of the 1zome

1), because both

(Tahle 1), w}
ot .

The Pl of was ¢

RE . nitz

regressing the number of rhizome
shoots alonq the rhizome agamnst their age
ditference (Patrdquin 1973, Galieyos et al

Table

nntorme and whght Aviage (2 SE}

1
shoat and @luzome blamass. densiy.,

production, snd shuot recrutinent
fons studhed

and montality tates tor the pogsl

1993). The rate of vertial growih of
s i1 and Hale wrightit

shuots was oo caleulatnd by jegressing

shoot length against age (Gallegos ot al v

1093), Sbout age structure was described
using data on hving and dead shoats {€alle-

gos et al. 1993, Duarte et al. 1494). The aver. 5

age age of living shoots ropiasents the over- Rnigome et (g DW 'Y 23

all age of the shoot populativi, but 1t don: mm’:’_‘,""f,"“ ' s

tunate their life y. which 15 v °

buat sepresonted by the age at death (Galle- yr-apex a1.6

gus et al. 1993, Duarte et al. 1094), Shoot Verncal growih om ye ! shoot ) 3.8

mortality (K. in natural logarithm units Shoat recrutment A 20_;’-;’70_39
Lurat production fg PW m-3 2234 16
466 320

tme-!; of -Duarte & Sand-Jensen 1990b) was
caiculuted from the age distribution of dead

ot binmass {@ DW m 5
Shoat density (shoots 1

¥
Rhuizome production (g DW n 4y Y

S fiforine . weahtn.
446,49 4 484 % BG
7 3

shoots (Gallogos et al. 1903, Duarte et al.
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]

6

. e
Shoot age (Pl)

Hatoduin wrighti

a 10 a2 (23
Shoot age (P)

Fig. 1. Syringodium filiforme and Haludule wrightii Re!
slip butwoen the lungth m vertical rhizomes and the age ol
onta

d for 5. and 71,

respactively,
The age of shoots was
and nost of the shoots had

ca t yr (6.7 ¢ 0.1 PIs),
haen produced within the current year (i.e. aue <7 Pls;
Fig. 3), inditauive of o high shoot recrutment rate
{Table 1). The age distnbution of deadt shoots (Fig 3}
showed a clear axponential docline in survival with
increasing age that allowed calculabon of miortality
rates (Table 1). The average life expectancy of S, fili-
forme shoots wus found to be about half & year (3 =
0.16 Pls) and the oldest S /liforme shoot found was
about 7 yr (46 PIs, n > 2000). Almast all ot the living
Halodule wrightii shaots had hween produced within o
year (Hig. 4). indicating very high shoot recruitment

Intemodal Sength (mmj

Tnternodal fength fmi)

Timae since present (P1}

Fig. 2. iwgodiun Llitorme and Halodule wighti., Se-
quence of intermodal leagih recordid tos the ofdest shoots
sampledd. Arrows sndicate annual rycie:

tor thear high 1nottality rate (Table 1), as reflected by
the rupid exponential decline in shoot abundance with
nereasing shont age (Fig. 4). The life expactancy of H.
wrightii shoots 1s, thetetors, only about 1 o or 6.9 =
0.4 Pis, and the langest-hved shoot found was only 3 yr
(70 Pl~, n > 40001,

The ge shaot lite exp cles o (182
and 110 d (or S and 2
wetghtii, tespechively) will, in o stable population, cor-
tespond to their shout turnove: me (Gallegos et al.
1993}, which ate, therelore, about 2.0 ang 3.3 yr-
These estimates should also be ciose to the average
rhizome turpover rates (Gallegos et al 169933), beca
shool furnuver is mamwntamed by o putallel rluzome
turnaver tue. 1 internede is tormed for each shoul pro-
ducnd). An estimate af the average number of leaves
that a shoot produces pet yoar, together with the avoer-
Aqe number of standing leaves per shouot (2.6 x 0.1 and
1.2 £ 0.03 leaves shoot '), allows the [eal turnover ta be
caleutated as B.5 und 5.0 yr ' for H. wrightu and S. fili-
y. Honee, leaf turnover is about twire

forme,

rates (Table ?). High sates are neaded to v
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T

Living shoots.

Number of cbservations

9 " 13
Shoot age (P1)

Number of observations

w0 2
Shoot age (P1)

woy Svang niitarme. Ags

ot living and
ead shonts

s tust as thizome The
ates comhined with the blomass of leaves and chi-
omes (Tabile 1), which show hitle seasonal varistion 1n
N8 ares (Van Tusseabroek 19941 reveal the produc-
e of the 2 species 10 be neatly 3 and 5 kg DW m~?
T ' respectively (Table 1)

Syring and ¢ 1
red in spring, and 6.4 % und 10.5"

wnghtii flow-
ot

Number of observations

8 10 14 14
Shoot age (Pl

0

Daad shoots.

Number of observations

a8 12 16 20
Shoot age (P1)

Fig. 4. Halodule wirghts Aye dstnibution ot ving and dead

repurted ta date for the Gulf of Mexico (e.q. Eleutenus
1887) and the Atantic Ocean (Short et al. 1993),
although . filforme has been observed to produce
sven lurger biomasses. close 10 1 kg DW m*2, 1o the
Cari (Van Ty 1994). The bio-
mass and p of S and 24, g
(Table 1) were sach compatable to thet of T fes-
tichnum. the climax species, in this area (Gallegos at
ul. 1993)
The

[, il and

heir shoots had flowered 1o spring 1993, represennng
bout 300 and 1500 Howenng shoots m~, tespectivaly.
shoots had an average age af 8.4 = 0.6 P {or
i tintorme and 29 % = 2.7 Pllor 11 wrightii, which indi-
stes flowenny 10 be muse frequent for shoots older
aun 1 yr 1n August 1991 366 truiting If. wighti
hoots m~? were tound, with rach truit-bearing shuol
aving 2 truits, which indicalus that ualy ubiout 20%% of
a1 flowenng shoots set fruit.
Discussion. The 1esulls oblained showed that the 2
pecies are able t© p Jush, highly pr
in tha M Ce (Table 1), The
hoot density and biomass were gredter than values

ghtu studied had tugher honzontal clon-
gation rates (Table 1) than those repotted in the naorth-
e Gult of Mexico (Eleuterius 1987), although 8. fiti-
forme rnizomes grew at rates similar 10 that reported
tor the Indian Kiver Logoon (Flonda, USA; Short et ul.
18014). Riizone growih rates for the species investi-
Qated were 2- tu 4-1old greater than thesn ot Thatassia
testudinum m the Canbhaean (22.3 cm yrr ') Gallegus ot
al 1991, In addition 1o theis higher growth rute, S, 2il-
itorme and 1. wrightii also branchod at overy 94 and
21.8 cm, s T
1 Lranch fur cvery h.l(l() cm ot harizontal rhizome (Gal-
legos etal. unpubl.), Henee, &, filiforme and H. wrightii
arc able to colonine and uccupy space much faster than
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T. tescudinum. Moreover, tha donsity of flowaring H
wrightii and . hiliforme shoots is about 10- 1o 50-fold
greaterthan that of T testudinum (Gatleges etal. 1402,
193), further contiibuting 1o the ability of thow: spe-
cies to 3 taster than the

elimax spoties
The high growth rate and associated high wortality
lodule wrights

rate of
(Table 11 imply that thuse pioneer species must have
high nutnent requisements (Fourqurean ot al. 1992,
Shuft atal. 1993, Duarte 1964). The rapid toss a 5. nir-
forme and H wrighni material, which represents the
bulk of the abundant seayrass matenal washed onto
the shaoreline. assovisted with the short Iita-spon of
their Imaves and shouts. must also 1educe their capacty
for nutnent storage and internal recycling In contrast,
Thalassia testudinum grows siower and hves mach
longer 1Gallegos ef al 19431, and should. accordinaly,
have lower nutrient requirements (Fourqurean ot al.
1992, Puarts 1994], and be betier abie 10 store and
recycla nutnents (Pataqin 1972

These observations help explam why Tholassu tes-
fudinum 15 the climax spectes in the Caribbea, and

why the dense ped by Syring
and are y 1o
placad by meadows af the longer-hved chimax species
Y . Onr results also

o5 in the reg

2 pronesr specias

in
deronstrate uupunum
Qutput and thizome growth of the
The asseal density of 11, wright tlowenng shoets was 5.
told grealer than that of §. fitorme, which also had o
slower thizame growlh and turnover. Hence, S. tir-

forme an iater; \e ref eftort,
. and shoot_long ren 4 s
Z and T and .nd..-..u pies un T R
n the € suc-
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