3

% WILLIAM & MARY
CHARTERED 1693 W&M ScholarWorks

Dissertations, Theses, and Masters Projects Theses, Dissertations, & Master Projects

1983

Metabolic and structural studies of several temperate seagrass
communities, with emphasis on microalgal components
(Maryland, Virginia, Chesapeake Bay)

Laura Murray
College of William and Mary - Virginia Institute of Marine Science

Follow this and additional works at: https://scholarworks.wm.edu/etd

6‘ Part of the Ecology and Evolutionary Biology Commons

Recommended Citation

Murray, Laura, "Metabolic and structural studies of several temperate seagrass communities, with
emphasis on microalgal components (Maryland, Virginia, Chesapeake Bay)" (1983). Dissertations,
Theses, and Masters Projects. Paper 1539616788.

https://dx.doi.org/doi:10.25773/v5-4q4s-fm97

This Dissertation is brought to you for free and open access by the Theses, Dissertations, & Master Projects at W&M
ScholarWorks. It has been accepted for inclusion in Dissertations, Theses, and Masters Projects by an authorized
administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu.


https://scholarworks.wm.edu/
https://scholarworks.wm.edu/etd
https://scholarworks.wm.edu/etds
https://scholarworks.wm.edu/etd?utm_source=scholarworks.wm.edu%2Fetd%2F1539616788&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/14?utm_source=scholarworks.wm.edu%2Fetd%2F1539616788&utm_medium=PDF&utm_campaign=PDFCoverPages
https://dx.doi.org/doi:10.25773/v5-4q4s-fm97
mailto:scholarworks@wm.edu

INFORMATION TO USERS

This reproduction was made from a copy of a document sent to us for microfilming,
While the most advanced technology has been used to photograph and reproduce
this document, the quality of the reproduction is heavily dependent upon the
quality of the material submitted.

The following explanation of techniques is provided to help clarify markings or
notations which may appear on this reproduction.

1.

The sign or “target” for pages apparently lacking from the document
photographed is “Missing Page(s)”. If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages. This
may have necessitated cutting through an image and duplicating adjacent pages
to assure complete continuity.

. When an image on the film is obliterated with a round black mark, it is an

indication of either blurred copy because of movement during exposure,
duplicate copy, or copyrighted materials that should not have been filmed. For
blurred pages, a good image of the page can be found in the adjacent frame. If
copyrighted materials were deleted, a target note will appear listing the pages in
the adjacent frame.

. When a map, drawing or chart, etc., is part of the material being photographed,

a definite method of “sectioning” the material has been followed. It is
customary to begin filming at the upper left hand corner of a large sheet and to
continue from left to right in equal sections with small overlaps. If necessary,
sectioning is continued again—beginning below the first row and continuing on
until complete.

. For illustrations that cannot be satisfactorily reproduced by xerographic

means, photographic prints can be purchased at additional cost and inserted
into your xerographic copy. These prints are available upon request from the
Dissertations Customer Services Department.

. Some pages in any document may have indistinct print. In all cases the best

available copy has been filmed.

umlm
International

300 N. Zeeb Road
Ann Arbor, M1 48106






8407030

Murray, Laura

METABOLIC AND STRUCTURAL STUDIES OF SEVERAL TEMPERATE
SEAGRASS COMMUNITIES, WITH EMPHASIS ON MICROALGAL
COMPONENTS

The College of William and Mary in Virginia PH.D. 1983

University
Microfilms
International acon. zees Road, Ann Arbor, Miss108






PLEASE NOTE:

In all cases this material has been filmed in the best possible way from the available copy.
Problems encountered with this document have been identified here with a check mark__ v

—h
.

Glossy photographs or pages __

Colored iliustrations, paper or print____

Photographs with dark background

llustrations are poorcopy

Pages with black marks, not originalcopy ___

Print shows through as there is text on both sides of page
Indistinct, broken or small print on several pages ___/

Print exceeds margin requirements

© o N o o0 s O D

Tightly bound copy with print lost in spine

-t
©

Computer printout pages with indistinct print

-t
-t
.

Page(s) lacking when material received, and not available from school or
author.

12, Page(s) seem to be missing in numbering only as text foliows.
13. Two pages numbered . Text follows.

14, Curling and wrinkled pages

15. Other

University
Microfilms
International






METABOL IC AND STRUCTURAL STUDIES
OF SEVERAL TEMPERATE SEAGRASS COMMUNITIES,
WITH EMPHASIS ON MICROALGAL COMPONENTS

A Dissertation
Submitted to

The Faculty of the School of Marine Science
The College of Willlam and Mary In Virginia

In Partial FulfilIment
of the Requirements for the Degree of

Doctor of Philosophy

by

Laura Murray



APPROVAL SHEET

This dissertation is submitted in partial fulfillment of

the requirements for the degree of

Doctor of Philosophy

Authgr

Approved, October 1983

* M OJWM}»L‘_

Richard L. Wecz)el, Ph.D.

’

D, . Denbiale

Polly A./Penhale, Ph.D.

A

Kenneth L. Webb, Ph.D.

Carl H. Hershner, Ph.D.

Richard G. Wiegert, “Ph.
University of Georgia

ii



This work Is dedicated to my mother, Larissa T. Murray,

for her encouragement throughout my |ife.

iii



TABLE OF CONTENTS

Page

ACKNOWLEDGMENTSI....'l..‘.l".ll.l...l..l.....‘...“.'l'..lv!

LIST OF TABLES.-.-...--o-oooooooo.-o-..oon.oucoucoooonono.V'l

LIST OF FIGURESI.I...l"....l.ll....l..Oll.ll..l.....l.....Ix

ABSTRACT..O.-.-l.c.onl.llno.lno.ocl.l..ll..nt.o.l.l..o.lolux'

CHAPTER

A.
B.
C.
D.
E.

‘l |NTRODUCTION'QI..o...l!COOQ.....-l.Olllloctll.l¢2

RO'e Of seagrasses '.......Cl...0'..'!.......‘...'.3
Purpose and ObJectiVeS.cescecsccccscascscccnscsscensd
Microalgal Componentsceeeecesceccsssssocassscceseesd
Microalgal InteractionSceceecececsescsacessccsccsceesdd
Epiphytic Growth and Nutrient Enrichment.cceeccesese?

CHAPTER 2. OXYGEN METABOLISM OF THE PRINCIPAL
AUTOTROPHIC COMPONENTS OF A TEMPERATE SEAGRASS
COMMUNITY: PLANT-EPIPHYTE, PHYTOPLANKTON AND
BENTHIC ALGAE...“.'............l...l...’...'..'l....llo

A.
B.
c.

D.
E.

In*roduc*lon..ll'..ll'..l....ll...l.l....!l.....l.11
S-'.udy Sl’te.........l.l...‘ll.....‘l..l‘...l'.‘l...]Z
Methods and MaterialS.cesececscccscesssscscceccccesld
1. General me*hodologyl..l‘l‘...............I....14
2. Plankton oxygen exchang@eeesscccssssccsssscscsld
3. Benthic oxygen exchang€.seecseeccosseccccccaesld
4. Macrophyte~epiphyte oxygen exchang@.ececceecesss16

Resulfs.-....-.on....l.ll..OO!...'-c.l.o.ll......lla

D'SCUSS]OH.-..-o-o-o--.....---....---.n-n.o--noc..33

CHAPTER 3. COMMUNITY STRUCTURE, RELATIVE ABUNDANCE AND
METABOL ISM OF EPIPHYTES COLONIZING ZOSTERA MARINA
IN TWO LOWER CHESAPEAKE BAY SEAGRASS COMMUNITIES......39

A.
B.
C.

E.

In+roduc+l°n.lll..l...l..'.'l..‘l...ll.l....l...l.4o
Fleld Site DescriptionS.cccececsccecsccsessesccecsscdl
Materials and MethodS.eesescecssasecasoscscccscsesdd
1. Method development.ececcessscsssescscecscecssedd
2. Productivity and respiration estimates.c.cc.c...44
30 Plan'r mrpohlogy..l....l...D.lll.ll.‘..ll..‘..45
Resul-rs..l.l...llllll.ll.l.‘.l.'...........ll.....46
1. Eplphytic community structure

2. Plant and epiphyte metabol ism
Dlchss'on...l..‘..‘..ll..lll.l.I..I...l.lll.-..l.54

iv



CHAPTER 4. EFFECTS OF NUTRIENT ENRICHMENT AND LIGHT
REDUCTION ON ZOSTERA MARINA EPIPHYTIC GROWTH.ceeseaeee57

Al Infroduc‘f!on.'.....‘.....‘..ll....IQ.....I....‘.I.BG
B. Materials and MethodS.ecessscscccccsccacascnaaaseed9
1. Experimental desigNeeccececccecccsncsccascsaeasbdl
2. Trea‘fmen* effec*s.‘.......I.I..l.l'.l..ll.....el
3. Light attenuation by epiphytic growtheesaeeas 61
4, Production and respiration estimates.cececees62
Cl Resul‘fs......ll.....l.l...ll.llll....l......l...llss

D. Dlscuss‘on...“....“........‘l....l.l.llll..l‘.l.75
CHAPPTER 5. GENERAL DISCUSSION AND CONCLUSIONS.ccecesesecss?6

LlTERATURE ClTEDlQ.l..o.lo..l...l.I.D...ClQ.O...o.noo..olllez



ACKNOWLEDGEMENTS

This type of study is made possible by efforts of many
Iindividuals. | would like to express my apprecliation to all those who
made this study possible. Speclal thanks Is extended to the members of
my committee, Drs. Polly A. Penhale, Kenneth L. Webb, Carl H. Hershner,
John D. Boon, and Richard G. Wiegert, for thelr guldance, efforts and
time associated with the completion of this dissertation.. In addition,
| would |ike to thank my colleagues who aided In the experimental
studles, especlially Rick Hoffman, Robin vanTine, Ann Evans, Damon
Del istraty, Willlam Rizzo, and Bob Middleton. | would also |ike to
express my gratitude to the people of the computer centers at VIMS
(especial ly Bob Lukens) and Sal isbury State College and to Dawn Johnson
of the SSC Biology Department for their asslistance In the printing of
the dissertation.

A personal thanks Is extended to Michael Kemp, whose kindness and
understanding helped me accomplish this work.

To Dr. Richard L. Wetzel, Chairperson of my committee, director of
my research and assistant In experimental studies, | express a vary
special professional and personal thanks for his dedication, patience
and support. | will always carry with me the many aspects of science

and ecology he has taught me.

vi



LIST OF TABLES

Table Page
CHAPTER 2

Table 2.1A. Environmental conditions at the Vaucluse
Shores study site for In situ O2 commun |ty
mefabollsm sfud'es......l..l.....l.‘..l.....I‘C.I...l19

Table 2.1B. Environmental conditions at the Ruppla
maritima study site for the component
partitioning Interval.ececesacscsessscccccsscscncacaesl

Table 2.2. Comparison of methods In deriving plant
net productivity estimates.cececaccsnccsccscrssasenesll

Table 2.3. Integrated seasonal and annual estimates of
gross production and respiration by the principal
components and total community in the Z. marina
dominated seagrass meadoW..cecessesscsasaccrasssassssslb

Table 2.4. Integrated seasonal and annual estimates
of gross production an respliration by the principal
components and total community In the R. marlfima

area..ll.Ol..IQ..‘....‘....l.l.ll...l‘....l.....'....27

Table 2.5. Simple linear regression correlation
of selected environmental parameters and component 02
mefabol'sml.ll..ll........l...lll.ll...lll.‘.l.......30

Table 2.6. Simple |linear regression correlation
of selected environmental parameters and component O
metabolism for the R. maritima area.............,....gl

Table 2.7. Annual carbon production for the Vaucluse
shores seagrass bedeescseeescoscsccoserscossscsescseeld

CHAPTER 3

Table 3.1. Comparison of eplphytic colonization
on artificial and natural macrophyte substrates......47

Table 3.2. Variation In plant morphology between
the Vaucluse Shores and Guinea Marsh Study Site......53

CHAPTER 4

Table 4.1. Mean midday dissolved oxygen, nutrient
concentrations and |ight (PAR) intensity In the
experimental tankSeescssecsssescsnsecsacsssncsensenassbd

vii



Table 4.2, Simple pair-wise tests of mean epiphyte:
Plant leaf blomass ratio differences blocked
by light (PAR) and nutrient treatments.cccecescsccess68

Table 4.3. Model | ANOVA for nutrients, |ight,
and Interactive effects on epiphyte: plant
Ieaf blomass ra+los........Ill’..l.l......lll..ll.'l'69

Table 4.4. Treatment effects on epiphytic biomass (A)
and |ight reduction due to epliphytes (Colonization
of sl[des) (B)l.‘......l.‘ll.l...l'............‘0000071

Table 4.5. Treatment effects following the two week
study on various meristic parameters for Z., marina...73

viii



LIST OF FIGURES
Figure Page
CHAPTER 2

Figure 2.1. Plant community distribution at the
Vaucluse Shores study sit@cececcecescsccccoccacscseceeld

Figure 2.2. Net apparent productivity and resplration
for the three autotrophic components of the
Z‘_mm areall.l....l......I......l.l..IQQ.I.IOIC.l22

Figure 2.3. Net apparent productivity and respiration
estimates for the three components of the
B‘_m.a,LI_t_Lma al"ea.....-...-.....-.........o.o-.-......24

CHAPTER 3.

Figure 3.1. The geographical location of the
Yaucluse Shores and Guinea Marsh study site
with the enlargement of the Guinea Marsh site........42

Fligure 3.2. Productivity vs. Irradiance for Z, marina
with and without epiphytic growthieescesesececevoceasd8

Figure 3.3 Comparison of epiphytic biomass (A),
cell abundance (B), and chlorophyll a (C)
content of Vaucluse Shores and Guinea Marsh
STudy SIteSecceccsccacnscccassccsacasocsnscccncnscnansecdd

Filgure 3.4, Productivity and respiration for plant
and eplphyte at Vaucluse Shores and Guinea

MarSh-----o---ouooo-o-oo-o--.--.-.--.-..--.oo-o-.---o51

CHAPTER 4.

Figure 4.1. Experimental design for the nutrient
enrichment and |ight reduction investigationscececes..60

Figure 4.2. Mean inltial and final whole plant blomass
and total final epiphyte blomass following
the two week experiment.ccececeecscssscccecacessneecssedd

Figure 4.3, Resulting mean epiphyte biomass ratio
followlng +he S+udy-onn-.-o|o-oc-0000-050100000000.0-66

Figure 4.4 Covarient plot of percent |ight
reduction attributed to epiphytic growth
(slide colonization) and mean epiphyte:plant
Ieaf b'omass raflo.lll...l..lI....l.........'0000000'70

ix



Figure 4.5. Mean estimates of gross and net
apparent O,productivity and resplration
by plant l%af and associated epiphyteS.ccsccesecescess?d



ABSTRACT

The relative contributions to organlc matter production and the
Interactions between submerged vascular plants and thelr assoclated
microalgae assemblages were investigated In seagrass communities
characteristic of the lower Chesapeake Bay. The studies were conducted
In three parts; the first compared production and respiration of the
major autotrophic components In adjacent seagrass communities dominated
by Zostera marina and Ruppla maritima, respectively. Annual production
for the two communities differed; in the Z. maripa area microalgal (l.e.
phytoplankton and benthic microalgae) production dominated during the
summer months, whereas in the R. maritima area, the macrophyte-epiphyte
complex domlnated throughout the growing season. Both areas exhibited

high annual gross production rates (1580 ¢C m-2

and 1000 ¢C m-2 In the R, maritima area) of which the microalgae

In the £, marina area

accounted for 45¢ and 36% in the two communities respectively. The
ratio of net production to dark respiration (P/R) exceeded 1.0 for each
of the components, suggesting export and/or purlal of carbon from the
»sysTem.

The second series of studies investigated specific Interactions
between Z, marina and Its epiphytic microalgae. Two slites were
examlined, where pervious observations had been made of differing
eplphytic colonization patterns. The two seagrass ecosystems differed
markedly in epiphytlc abundance, community structure, and productivity
and respiration of the epiphytic compliex. Based on gross morphological

characteristics of the seagrass host, differences in nutrient conditlons
xi



could exist at the two sites, where the hypothetlically enriched site
coincided with a flourishing epiphytic community.

Effects of nutrient enrichment and |ight reduction on epiphytic
growth were examined directly In the third phase of this study using
control led microcosm experiments. Both nutrient enrichment and |ight
reduction led to enhanced epiphytic productivity and biomass, as well as
Increased |ight attenuation associated with epliphytic growth. Dlirect
reduction In ambient light also stimulated epiphytic production relative
to that of the seagrass host. Reduced abundance of plant leaves In the
nutrient enriched systems perhaps Indicated some signs of stress to Z.
marina. This study suggests that nutrient enrichment and |ight
reduction In the water column could increase eplphytic growth and

production, possibly at the expense of the macrophyte.

Laura Murray
Department of Marine Sclences

The College of Willlam and Mary In Virginia

Coxii



METABOL IC .AND STRUCTURAL STUDIES OF SEVERAL TEMPERATE
SEAGRASS COMMUNITIES, WITH EMPHASIS ON MICROALGAL COMPONENTS



CHAPTER 1
GENERAL INTRODUCTION



The role and relatlve Importance of seagrasses in shallow aquatic
environments has been the sub ject of extensive research. Seagrass dis-
tribution and abundance has been documented on a world-wide basis by den
Hartog (1970) and specifically for the Chesapeake Bay by Orth and Moore
(1979). Recent work on seagrass productivity has provided

2 for Thalassla testudium
2

annual production estimates of 200-3000 gC m_
(Jones 1968; Bittaker 1975; McRoy and McMillian 1977), 200-800 gC m
for Zostera marina (Nixon and Oviatt 1972; McRoy 1974; Neinhuls 1980;

Wetzel 1983) and 50-150 gC m™2

for Ruppla maritima (Verhoeven 1979;
Richardson 1980; Wetzel 1983). R, maritima, which tolerates a wide
range of salinitlies (Verhoeven 1979) Is considered a seagrass in this
study. These values Indicate that seagrasses are major

autotrophic contributers to aquatic ecosystems and on an areal basis
rank second only to coastal salt marshes (Pomeroy and Wiegert 1981).

The purpose of this study Is to evaluate the production and
respiration of several autotrophic components of seagrass beds In the
lower Chesapeake Bay. The focus Is on two speclies of seagrasses and the
microalgal components (in this system macroalgae are only present for
short periods of time and are not included in this evaluation).
Secondly, plant-eplphyte interactions were evaluated in relation to mac-
rophyte growth. This portion of the study Involved detemining the
community structure and metabolic patterns of elphytic populations of Z.
marina in two distinctly different natural systems. Thirdly, the effect

of nutrient enrichment and light reduction on the plant-epiphyte complex

was evaluated experimentally within mlcrcosms.



The approach of the study involved three separate, though in-
tegrated, investigations. In the first, fleld Investigations of
productivity and respiration of autotrophic components were conducted.
In the second, estimates were made of the growth patterns and metabolic
strategies of plant and epiphyte from two natural seagrass ecosystems.
In the third, controlled experiments Involving changes in |ight and
nutrient conditions were performed to examine effects on seagrass-
epiphyte relationships.

Seagrass communities harbor a diverse bilotic assembledge contain-
Ing diverse autotrophic and heterotrophic populations. Several major
autotrophlc components can be identified In these systems: seagrasses,
benthlic micro and macro algae, phytoplankton and epiphytic algae. This
dlversity of primary producers In a single system provides numerous
pathways for autotrophic biomass utlliization and leads to a greater
diversity In heterotrphic organisms within the seagrass beds as opposed
to surrounding bare substrates (Marsh 1975; Orth 1973; Stoner 1980).
Although direct grazing on seagrasses by heterotrophs Is [imited (Thayer
1978; Zimmerman et al. 1979; Wilkins [982), seagrass production
does support hligh rates of secondary productions via detrital
pathways (Zimmerman et al 1979; McConnoughey and McRoy 1979)

In contrast, the microalgae populations (phytoplankton, benthlc and
elphytic) serve as a direct food source to many herbivorous

primary consumers. In addition to the food chains assoclated

with phytoplankton and benthic algae, epiphytic algal food chains

have been demonstrated (Brasier 1975; Kekerchi and Perez 1977; Thayer et
al. 1978; Harlin 1980; Ogden 1980; Morgan 1980; von Montfrans et al.
1982). |
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Seagrass meadows act as refuge areas for préy specles. Nelson et
al. (1980) and Morgan(1980) documented the use of seagrasses by small
Invertebrates(i.e. amphipods and mysids) to escape predation. Juvenile
fish also swim Into grass beds when being pursued by Invertebrates(i.e.
blue crabs, Heck and Orth, pers. comm.) and by larger fish (Lascara
1981).

Most studies of autotrophic production of seagrasses have Involved
Individual measurements on the vascular plant (McRoy 1974; Zleman 1974;)
or the total production of the community (Nixon and Oviatt 1972; Dillon
1971; Neinhuls 1980; Lindeboom and DeBree 1982 Wetzel et al. 1983). The
combined ecological significance. of the various microalgal components
has not been extensively documented. Work in freshwater lakes indicated
that phytoplankton and epibentic micoralgae contribute over 50f of the
total lake production (Wetzel 1964; Wetzel and Hugh 1973). Cattaneo and
Kalff (1980) reported that eplphytic algae on the freshwater anglosperms
Myriophy!lum splcatum L. and Potamogeton richardsonli (Benn.) Rydb.
contributed as much as 60% and 30%,respectively, to the total production
of the plant-epiphyte complex. Comparable studies In marine ecosystems
have shown simllar results. Jones (19§8) working In a Florida Thalassla
testidinum grass bed determined that macrophyte production contributed
900 gC m2 yr'1,?he benthic microflora 200 gC m2 yr-1, and epiphyte
production 200 gC m-2 yr-1 so that the combined microalgal contribution
(excluding phytoplankton) was approximately 308 of the total. In North
Carolina, Dillon (1971) estimated that the combined production of
Zostera marina and Halodule beaudettei (den Hartog) production con-
tributed approximately seven times greater organic matter Input than did

phytoplankton production. Bittaker (1975) reported for a I. testudinum



grass bed In Florida that the relative contribution by macrophytes and
phytoplankton were approximately the same as reported by Dillon (1971).
In a more detalled study, Penhale (1977) Indicated that, on a dry weight
basis, macrophyte and eplphyte productivity in a North Carolina Z.
marina community bed were equal at certain times of the year; Borum and
Wium-Andersen (1980) found simlilar results in Denmark.

Although the above studies studlies report high rates of production
by the various autotrophs In these communitles, consumption
(l.e. respiration) rates may also be high, especially in
sediments having high faunal densities. Hargrave (1969) reported a
higher benthic carbon consumption rate than could be supported
by vascular plant production in a freshwater lake. Lindeboom and deBree
(1982) found that both production and consumption were less for bare
substrates than In nearby Z. marina areas, indicating a higher
heterotrophic activity within the grass beds. Microalgae may provide
more dlrect support of heterotrophlc production In seagrass beds than
the macrophytes. This Is because: 1) a significant fraction of the
vascular plant production may be metaboilcally (blochemically) unavall-
able to many heterotrophs; 2) some plant material Is undoubtedly
exported and 3) seagrass beds are generally characterized by high in-
faunal and epifaunal blomass, many of which directly utilize the
microalgae. Thus, It Is my hypothesis that significant contribution to
community production by microautotrophs are characteristic of submerged
grass beds In both temperate and troplical ecosystems.

A complex relationship between the seagrasses and the microalgae
has been demonstrated. Studies on plant-epiphyte relations have indi~

cated some direct transfer of matertals (carbon and nutrients) between



the two (Harlin 1973, 1975; McRoy and Goering 1974; Brylinsky 1977;
Penhale and Thayer 1980; Smith and Penahle 1980). Several negative in-
teractlons have also been documented, including the reduction of
nutrient uptake by the macrophyte (Beer et al. 1979) and the attenuation
of |ight by heavy epiphytic growth (Sand-Jensen 1977; Borum and Wlum-
Andersen 1980; Kiorbe 1980), and macrophyte allelopathy to epiphytic
growth ( Sand-Jensen 1977; Harrison and Chan 1980; Harrison 1982).
Sand-Jensen (1977) suggested that shading due to epiphytic growth on
blades of the eelgrass, Z. marina, reduced photosynthetic carbon fixa-
tion by the macrophyte. Microalgal films on leaf surfaces are
potentially competitors for Inorganic carbon, gas diffusion barriers and
| Ight attenuating (both quantity and quality) Interfaces. Most
algal populations exhibit rapid and increased growth with nutrient en-
richment (Welch et al. 1972; Ferguson et al. 1976) and, for eelgrass in
the mid-Atlantic region, epiphytic growth consists primarily of
diatoms and filimentous algae kSlebur+h and Thomas 1973; van Montfrans
et al. 1982), which will, hypothetically, respond In a similar manner.
The effects of Increased dissolved Inorganic nutrients
and Increased shading concomitant with epiphyte growth on leaf surfaces
may potentially act as a significant control on macrophyfe'phofosyn-
thesis and biomass production. For example, In some freshwater systems
Phillips et al. (1978) found that diatom growth on the macrophyte
Najas marina increased threefold with the addition of fertilizer
(N:P=10) at a rate of 2.0 g P m-2 yr_1. Slides allowed to colonize in
the same waters showed an 84% decrease In |ight fransmission. Moss

(1981) noted that freshwater lakes enriched In nitrogen exhibited higher



densitles of eplphytes on the macrophyte Potamogeton pectinatus. Sand-
Jensen and Sondergaard (1981) working In lakes of varying nutrlent
concentrations reported that eplphytic growth was 200 +imes greater In
lakes of high amblent nutrient concentration compared to lakes of low
nutrient concentration. These authors concluded that increased
epiphytic growth could ultimately lead to mortality of the macrophyte
-due to extremely reduced |ight available for macrophyte photosynthesis.
Sand-Jensen and Sondergaard (1981) also reported low
phytoplankton concentrations corresponding to nutrient enrichment and
suggested that the phytoplankton are outcompeted by attached,
epiphytic algae and played a minor role In water column |ight
attenuation. Nutrient enrichment studles Involving seagrasses suggest
that while some growth of vascular plants occurs with nutrient additions
to the water column (Harlin and Thorne-Miller 1981), greater Increases
occur when they are added to the sediment (Orth 1977). Additionally, if
macroalgae are present, epiphytic and planktonic microaigal growth due
to nutrient enrichment is minimized (Hariin and Thorne~Miller 1981).
Light saturation of photosynthesis occurs at levels from ca 200-
700 uE m 2 sec”! for Z. marina (McRoy 1974; Penhale 1977; Wetze! and
Penhale 1983). For a Z. marina bed in the lower Chesapeake Bay, mean
daily In situ light intensity during the early growing season was below
this range although the data are quite variable (Wetzel and Penhale
1983). |If epliphyte |lght attenuation reduces the |ight available to the
plant by 80% as suggested by Phillips et al. (1978) and Sand-Jensen
and Sondergaard (1981), then severe |imitation of plant production could
occur with heavy epiphytic growth. Benthic diatoms exhibit photosyn-

2

thetic 1ight saturating intensities (20-50 uE m_ hr™!) much lower than



Z. marlna (Taylor 1964; lgnatiades and Smayda 1970; Levin and

Mackas 1972; and Admiral 1977). Assuming that the epiphytic diatoms of
Z. marina have simllar |Ight saturation points, then their

I 1ght requirements would be distinctly lower than thelr seagrass host
and would have a competitive advantage under reduced |ight regimes.

In addition to the plant-epiphyte interactions described above,
macrophytes may also affect benthic microalgae. Work In salt marshes
has indicated that iIncreased macrophyte growth shades the bottom, reduc-
Ing benthic microflora production (Gargas 1970; Sulllvan and Diaber
1975; van Ratale et al. 1976). In seagrass systems, vascular plant
growth may also shade the bottom in a similar manner, decreasing avail-
able |ight to the benthic microalgae. However, this macrophyte growth
provides a substrate for epiphytic algal growth.

This research was part of a larger project designed to assess the
role of seagrass ecosystems In the lower Chesapeake Bay (Wetzel 1983).
As a result of these studles, |ight, nutrient concentrations and perhaps
temperature were determined to be the major environmental factors in-
fluencing seagrass community production. Therefore, the effect of these
parameters on microalga! growth and productivity was emphasized In these

studies.



CHAPTER 2
.OXYGEN METABOLISM OF THE PRINCIPAL AUTOTROPHIC COMPONENTS OF A
TEMPERATE SEAGRASS COMMUNITY: PLANT-EPIPHYTE, PHYTOPLANKTON,
AND BENTHIC MICROALGAE

10
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INTRODUCT I ON

Seagrass ecosystems are composed of several autotrophic
components; macrophyte, benthic microalgae, phytoplankton and epiphytic
microalgae. Evaluation of the production of the microautotrophic com-
ponents is Important in that It provides for a better understanding of
energy avalilable to dlirect secondary production within seagrass
communitlies. Assessing the production and respiration for each of the
microautotrophic components provides for an estimate of their relative
contribution to the total system. An assessment of the differences in
community production can be obtalned by comparing the spatial and tem-
poral values of these measurements.

The purpose of this gfudy was to evaluate the relative produc~
tivity and respiration of the microautotrophic groups in a Z. marina and
a R. marifima dominated seagrass ecosystem and to compare these measure-
ments to those of the macrophyte. The study had the following
objectives: 1) to estimate organic matter production by each of the
groups relative to the total system; 2) to contrast of energy partition-
Ing between component groups (mlproalgae and vascular plant) in two
adjacent seagrass communities with distinctly different seasonal pat-
terns of abundance, and 3) to assess the influence of selected

environmental varlables on the autotrophic groups in both communities.
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STUDY SITE

This Investigation was conducted In a seagrass meadow ap-
proximately 140 ha In size located on the southeastern shore of the
Chesapeake Bay, Virginia, U.S.A. (37° 25! N. 75° 59! W.), local ly known
as Vaucluse Shores. The entire area was co-dominated by Ruppia maritima
In the nearshore areas and by Zostera marina In the deeper areas with an
intermediate area of mixed stands of the two species. The site was
selected for its relatively pristine and stable characteristics, and be-
cause It had been previously studied, providing some background
information. The area was surveyed along transects perpendicular to the
shore (Figure 2.1) and a vegetative map developed by Orth and Moore
(1979). The studies reported here were carried out between transects B
and C and encompassed the Z, marina and R. maritima communities (Figure
2.1). The physical characteristics of the area include protection from
heavy wave action by an offshore bar , a sandy sediment which is rela-
tively low in organic content (Wetzel 1983), salinity range of 17% 00 to

25°/oo, and a temperature range of 0° to 30°C.
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Figure 1. Geographical location of and plant community distribution at the
principal study, Vaucluse Shores, Chesapeake Bay, Virginia.
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MATERIALS AND METHODS

Oxygen Exchange: General Procedures

Production and respiration for each of the principal autotrophic
components were estimated from the rate of evolution or consumption of
dissolved oxygen various chamber designs. A multichannel, Orbisphere

Oxygen Monitoring System (Model #2604) with H,S Insensitive polargraphic

2
probes and self-contalined stirrer was used to measure oxygen
concentration, Light as photosynthetically active radiation (PAR: 400-
700 nm) was monltored continuously using a Li-Cor Model 185A Quantum
Meter equipped with surface and submarine quantum sensors. Temperature

was recorded continuously from the Orbisphere which employed thermistors

contalned In the probe head. Area speclific rates were calculated as:

2 -1 _ - _
h ' = [C]+1 Clj/f(fl+1 fl) . Vd

-1

mg 02 m d

-1

where: CI = [02] (mg I '), 1=0,1...n (hours)

fl = t+ime (hours) ith interval
Vd = volume of Incubation (1iter)
Ad = bottom surface area (mz)

Dally rates for each community were calculated by assuming that
the mean, midday hourly rates were characteristic for the photo-period;
respiration rates determined from dark chamber Incubations were assumed
constant over the 24 hr perlod. Photoperiod was defined as 80f of the
sunrise to sunset time duration for the season. Seasonal estimates were

derlved by defining "season" as a function of water temperature. In the
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Z, marina area the following seasonal distinctions were made: winter
<10°C; spring and fall 10%t0 20°C and, summer >20°C. Because the R.
maritima area was only sampled during the growing period, seasons are
defined as: spring and fall <25°C and summer >25°C. Seasonal estimates
were calculated as the means between consecutive (monthly) estimates.
Annual estimates are simply the sum of the seasonal estIimates. For com-
parison to data reported elsewhere, the oxygen data were converted to
carbon units assuming a PQ of 1.25 (Lindeboom and deBree 1980) for the
net productivity estimates and a RQ of 1.0 for the respiration

estimates.

Plankton Community 02 Exchange

Plankton community samples were collected by a Van Doren type
water sampler from just below the water surface and drained into ilight
and dark standard BOD bottles (300 ml). Triplicate Incubations for both
t+he |1ight and the dark bottles were made over the interval 1000 to 1400
h EST. For midday high tide studles, wafér depth at the Z. maripa study
site ranged from 1.0 to 1.7 m and samples from near the surface
(approximately 10 cm depth) and from just above the canopy top were col-
lected and Incubated at the depth of collection. For midday low tlde
studies, water depth ranged from 0.5 to 0.8 m and complete mixing was
assumed. At these times, only mid-depth water samples were collected
and Incubated. The water depth at the R. maritima site ranged from 0.25
to 1.25 m, therefore, only mid-depth water samples were incubated.
Water column rates are reported per unit water surface area and calcu-
lated using the average water depth over the Incubation interval.

Oxygen concentrations in the bottles were determined at t+he beginning,
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middlie and end of the incubation period using the Orbisphere probe
sealed Into the BOD bottles.

Benthlic 02 Exchange

For the benthic microalgae measurements, tripllicate, |ight and
dark, cylindrical plexiglass chambers (750 ml) were placed on unveg-
etated sediment within the bed and incubated as for the phytoplankton
samples. Duplicate clear chambers Inoculated with 10 mi, 10§ (v/v)
buffered seawater formalin (sat. Mg 003) were used to estimate sediment

chemical oxygen demand (COD). O, exchange estimates, corrected for COD,

2
are reported as mg 02 m-z(bof?om area) h-1. The amount of unvegetated
surface area within the Z, marina and R. marliima community were es-
timated from percent cover data (Orth and Moore 1982) and the areal rate

estimate corrected accordingly.

Macrophyte-ep Iphyte O2 Exchange

Rate estimates for the plant and epiphyte components (plant=
epiphyte) were combined for the purposes of this study. Rates were
calculated as the difference between total and the benthic and plankton
rates estimated over the same time Intervals. Total community rates
were estimated by the oxygen exchange In large (260 1) plexiglass dome
enclosures described in detall by Wetzel (1983). The estimates obtained
In this manner were compared to other values for plant-epiphyte produc-

14C

t+ion from the same area. Other estimates were obtained by 1)
radloisotope Incorporation (Wetzel 1983) and 2) by oxygen production
(Murray, Chapter 2) of plant leaves with epiphytes. Respiration for the

plant-epiphyte component was calculated as the difference In nighttime
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respiration for clear dome Incubations and rates for the dark benthic
chamber and dark plankton bottle Incubations.

The use of dissolved oxygen evolution as a measure of primary
production In seagrasses has been much criticized (e.g. Hartman and
Brown 1967; Zieman and Wetzel 1980). The basis of the crlflclsm‘
involves the potentlal for 02 storage and recycling as well as transport
of 02 to the sediments through plant roots. Recent investigations have
demonstrated that the problems of 02 storage and recycl ing are translent
and can be minimized by stirring the water surrounding the plant (e.g.
Westlake 1978; Smith and Walker 1979; Kelly et al. 1980). |In addition,
I+ appears that the amount of 02 transport through the vascular lacunal
system for most submerged vascular plants Including Z. marina is small

(< 5%) compared to the total 0, produced (lizumt et al. 1981; Sand-

2
Jensen et al. 1982). Thus, the problems with the O2 techniques seem to
be relatively minor. Other methods such as 14C-blcarbona‘l'e incorpora=-
tion have similar problems (Wetzel and Penhale 1980), which may be even
more serlous (Sondergaard and Sand-Jensen 1980). Therefore, the 02
method was selected for thls study because It allowed nlmultaneous
measurements of dark resplraflon as well. Further, the 02 method allows
for consistency of methodology for each of the autotrophic components.
While the leaf-marking technique Is perhaps the least ambiguous method

for estimating primary production of seagrass, it gives no indication of

respiration,
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RESULTS

Tables 2.1A and 2.1B summarize environmental conditlons for each
date studies were conducted at the Z, marlna and R. maritima areas. The
studies covered a water temperature range of 7°C t0 29°C. For these
specific studies, submarine |ight (PAR) conditions were generally at or
above photosynthetic saturation Intensities for both vascular plant
(Wetzel and Penhale 1983) and microalgae (Taylor 1964; Cadee and Hageman
1974; Admlraal 1977) except for Z, marina during April, early October
and January studles and for R. maritima during the October study. The
studles encompass the major growth and die-back periods for both vas-
cular plant communities. Table 2.2 presents the comparison of methods

14

for plant productivity derived by difference to +those derived by " 'C

Incorporation and 02 exchange. Method A (described by Wetzel and

Penhale (1983), Involved '

C incubations of plants and epiphyte in 300
ml BOD botties. Method B Incorperated the same Incubation design, but
emp loyed the measurement In the change of dissolved oxygen in the
productivity estimates. Values In Method C were determined as the dif-
ference In total community productivity and the microalgal productivity
as described In the methods section. The similarity in the values sug-
gests agreement among the methods.

Net apparent productivity (NAP) and respiration estimates for the
three, principal components of the Z. marina area are presented in
Figure 2.2, The plant-epiphyte component follows the characteristic bi=-
modal growth cycle for Z. marina In Chesapeake Bay waters (Orth et al.
1982; Wetzel 1983), which 1s exemplified by a summer (August) die-back

perfod. Winter, spring and late fall are clearly dominated by the

plant-epiphyte component and during mid-summer by the phytoplankton.
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Table 2.2, Comparison of Methods for deriving Plant Net Productivity

A.

B.

Estimates

Z. Marina - Epiphyte Complex

MgQgﬁm'z he-
onth Method ALL(8)  wethod B(2)(4)  ernog ¢(3)
Year: 1980 1982 1981
March 408 - 350
April - 273 310
May 1106 - -
June - 168 395
July - 1275 430
August 250 73 50
. September 512 240 -
October 476 - 410
R. Maritima - Epiphyte Complex
May 191 - -
4 August 1139 - : 757
15 August - .- 951
September 678 311 . 600
October 510 240 263
14

C radiotracer method (Wetzel & Penhale 1983).

Bottle incubations of individual plants using 0, (Ch. 2).
Values obtained by difference as per this inves%igation.
Conversion from gdw to m-2 based on biomass data for 1981
reported by Wetzel (1983). (gdw = grams dry weight)

21
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Figure 2.2. Mean (+ S. D.) Net Apparent Productivity (top) and
Respiration (bottom) for the three autotrophic components
in the Z. marina dominated community.
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Benthic algae generally had lower net apparent rates, with higher summer
and lower winter values. Respiration of the plant-epiphyte component
Increased as plant-epiphyte NAP decreased after the highest productivity
perliod of May, Indicating a lag between the two processes. Plankton
respiration showed no clear seasonal pattern but reached minimum values
during the perlods of peak plant-eplphyte respiration and maximum values
during minimum plant-epiphyte respiration (expect in May). Benthic
respiration rates were generally lower than either the plant-epiphyte or
plankton components; highest rates occurred during the decline In plant
productivity following the May NAP peak. Both microalgal components ex-
hibited close coupling of NAP and respliration.

Net apparent productivity and respliration estimates for the com-
ponents within the R, maritima are presented in Figure 2.3. The plant-
epiphyte complex exhibit a singular peak in summer productivity, which
may be a functlion of sampling design (e.g. measurements made from June
to October). Although there are no data prior to June, Orth et al.
(1979) and Wetzel (1983) report maximun blomass for R, martima during
the summer months. Compared to the Z. marina community, the plant-
epiphyte complex clearly dominates throughout the study period. The
July peak in R. marltima-epiphyte NAP coincides with the decline in NAP
of the plant-epiphyte complex for the Z. marina community. Microalgal
productivity rates are consliderable lower and never dominated community
NAP. R. marltima plant-epiphyte respiration dominated total community
respiration and tracked NAP, except for an Increase with plant dlie~back
In the fall. Generally, plankton respiration rates follow plankton NAP
rates and are comparable in magnitude to those In the Z. marina
phytoplankton community. Similar to the Z., marlina community, the R,
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maritima community benthic microaigae respiration exhibited an Increase
in rate following peak macrophyte NAP. Both microalgal communities fol-
lowed the opposite pattern of respiration exhiblted by the plant-
epliphyte complex, 1.e. when plant-epiphyte respiration was high, the
microaigal respiration was low, and vise versa.

Tables 2.3 and 2.4 summarize the seasonal and annual estimates of
gross production (calculated as the algebralc sum of NAP and
respiration) and of respiration. Because of the assumption for the cal-
culations, 1.e. midday rates extrapolated to the photoperiod and
constant resplration over the diel period, these estimates probably are
maximized. The pattern of seasonal dominance and rates of production by
the various autotrophic components indicate the potential contribution
made by each to total community metabolism. Based on these calculations
gross productlon by the plant-epiphyte component in the Z. marina com-
munity (Table 2.3) accounted for between 37% and 80% of total dependent
on season. Annually the vascular plant component contributed an es-
timated 867 ¢C m-2 or 55% of total community gross production.
Phytoplankton gross production ranged between 10% and 48% seasonally

Zor 31% of fotal.

with an estimated gross annual production of 488 gC m_
Benthic algae contribution ranged between 108 and 25§ seasonally with an
estimated annual contribution of 225 ¢C m'2 or 14% of the total.
Respiration by the various components In the Z. marina community varied
seasonal ly. The plan+¥eplphy+e respiration dominated all seasons except
winter accounting for 47¢ to 60% of the total. In winter, the plankton
component accounted for 73% of total community respiration which may be

an overestimate due principally to the few measurements made, 1.e. only

two studlies were conducted at water temperatures below 10°C. MaxImum
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benthic respliration rates and percent contribution occurred'durlng the
summer .

Gross production by the plant-epiphyte component In the R.
maritima community (Table 2.4) seasonally ranged from 44% to 76§ of to-
tal, with an annual contribution of 707 gC m-z, or 68% of the total
community gross production. It Is recognized that extrapolation on an
annual baslis may not represent actual values due to the lack of winter
estimates. However, 1t is assumed that winter productivity of R._
maritima Is minimal compared to that of the growing season, based on
personal observation of complete denudation of the R.. marlitima area In
the winter. Clearly the microalgae components were less dominant, with
annual contributions of 26% by the phytoplankton community and 10% by
the benthic microalgae community. The respiration of components In the
R. maritima community also varied seasonally with plant-epiphyte
respiration dominating annual respiration (62%8). Percent annual
respiration rates of the microalgal components were similar to those of
microalgal NAP. ,

Production to respiration ratios (P/R) indicate the autotrophic na-
ture of each component In the two communities. Both seasonally and
annually, total community metabolism was autotrophic, with fhé exceptlion
of fall In the R, marltima area. In terms of organic matter input to
the seagrass communlty (ie. excess production versus respliration),
within the Z. marina community the plant-epiphyte component clearly
dominates In the winter and spring, the plant-epiphyte and plankton in
the summer aﬁd the plankton and benthic components in fall. In the R.
maritima community the plant-eplphyte and phytoplankton components are

autotrophic for the spring and summer, but become heterotrophic (ie. P/R
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Is less that 1) In fall. The benthic community Is strongly autotrophic
throughout the sampling period. The lag between vascular plant produc-
tion and its utillization is evident In the heterotrophic nature of the
component In fall following the growing season. For the phytoplankton
component, production and consumption are both spacially and temporally
more closely linked. However, this pattern Is not evident in the ben-
thic component.

The productivity and respiration rate estimates were further
analyzed by simple, palr-wise |Inear regression between selected en-
vironmental parameters (temperature and [Ight) and vascular plant
community biomass. Tables 2.5 and 2.6 summarize these results. In the
Z, marina community, respiration was significantly correleated with tem-
perature for all benthic components, while net productivity was
positively correlated with temperature for the benthos. As Indicated
earlier, light was optimal for the majority of these experiments, which
Is supported by the lack of significant correlation between |ight and
NAP. Plant biomass and Z. marina plant-eplphyte respiration was posi-
tively correlated.

There Is a pos}flve correlation between the R. marltima plant-
eplphyte component and temperature, suggesting NAP-temperature by R.
maritima. A stronger temperature dependence Is exhibited by the benthic
productivity (note the significant correlation). As with the Z. marina
community, there Is no significant correlation with phytoplankton
productivity and temperature. Resplration was not correlated with tem-
perature for any of the components, perhaps because +emgera+ures were
not low enough during the sampling period to I|imit respiratory

processes. Benthic microalgal productivity was only weakly correlated
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with light, due to sampling design (i.e. Incubation at optimum |ight).
Plant-epiphyte and benthic algae productivity are only weakly correlated
with |ight, due to sampling design (ie. Incubatlion at optimum Iight).
Correlation of light with phytoplankton productivity Is negative, per-
haps due to photoinhibition (Fisher et al 1982), which would result In

an underestimate In plankton production for the area.
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D1SCUSSION

Productivity and organic matter production In submerged aquatic
macrophyte communities 1s partitioned among several components whose Im-
portance and contribution may vary both spatially and temporally. These
are the plant and Its associated epliphyte, benthic microscoplc and mac-
roscopic algae, and phytoplankton. Studies designed to investigate
organic matter production, nutrient cycling and various aspects of
trophic structure and/or energy-matter flux In these systems have
predominately focused attention on one autotrophic component, the vas-
cular plant. Obviously, the vascular plants structurally define the
boundaries of the system. However, functional attributes of the ecosys-
tem such as productivity, nutrient cycling and energy-matter flux with
regard to the cycles of essential elements and trophic structure may be
partitioned among other autotrophic components that have escaped the
general attention of many studies. The studies reported here focused
attention on the principle autotrophic components of a temperate
seagrass ecosystem co-dominated by Z. marina and R. marlitima.

The annual net production of the Z, marina plant-epiphyte was 452

2

gC m ¢, which Is comparable to reported values for other temperate grass

flats employing both biomass and 14

C radiotracer methods (Philllps 1974;
Thayer et al. 1975; Penhale 1977). Maximum production for this study
perlod at Vaucluse Shores occurred in winter, spring, and early summer
and minimum rates In late summer and fall. These data support the

characteristic bi-modal growth pattern reported for Z. marina existing
at its southern |Imit (Orth and Moore 1979).
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The R. maritima plant-epiphyte annual net productivity was 215 gC
m—z. In a Netherlands R, marltima seagrass system, Verhoeven (1980) es-
t+imated the annual production to be 150 g AFDW (ash free dry welght)
m-z, which relates to approximately 200 g C m-2 (assuming a 36.5% carbon
content (Wetzel 1983)). Congdon and McComb (1979) found simllar values
In an Australian Ruppla dominated community (e.g. 30-180 ¢C m-2 on an
annual basis, assuming the same conversion as above). These values are
only slightly lower than those at the Vaucluse Shores study site, per-
haps due to growing season varlations.

Annual production of the benthic microalgal component In the Z.
marina community totaled 225 ¢C m"2 (32-95 ¢C m_zper season). In the R.
marltima community benthic microalgal annual production was less (106 gC
m-2) and ranged from 30-45 ¢gC m—zseasonally. These values correspond
well with annual estimates of production for a varliety of sediment types
which generaily range between 100 and 200 gC m-2 (Pomeroy 1959; Grontved
1960; Pamatmat 1968; Marshall et al. 1979; Riznyk and Phinney 1972; van
Raalte and Vallela 1976; JoInt 1978; Zedlier 1980). Comparative measures
of production and respiration for different substrate types In
Chesapeake Bay shoal areas have only recently been reported (Rizzo and
Wetzel, unpubl. ms.). For flve different but geographicélly close sedi-
ment types, they report an annual gross production range of 107 to 224

2 with a subtidal eelgrass site estimated at 187 gC m-2.

gCm
Considering the high degree of spatial and ftemporal variability as-
soclated with these measures (Rizzo and Wetzel, unpubl. ms.), the annual
esflma+e§ are consistent with these data. The benthic microalgae con-

tribute between 3% and 14% to total annual production, which brackets
the 8% reported by Thayer et al. (1975).
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Plankton production In the Z. marina area ranged from 36-205 gC

m-2 2

and slightly lower for the R. marlitima community (66-150 gC m <).
Annual production was 488 and 287 ¢C m-2 for the Z, marina and R.
maritima areas respectively. Conslidering the decrease of the water
column within the R. maritima community, both areas contribute similar
values. These rates are higher than those reported for other seagrass

2

beds; e.g. I. testidinum 10-219 gC m <, (Blttaker 1975) and Z. marina

110 gC m 2

, (Dillon 1973). For for open Chesapeake Bay waters,
phytoplankton annual production ranges from 100-200 ¢C m-2 (Patten et
al. 1963; Flemer 1970; Haas 1975; McCarthy et al. 1975; Boynton et al
1982). The higher gross annual estimate for phytoplankton production In
this macrophyte community agrees with the suggestion that habitats of
this type have greater production than adjacent open-water areas
(Takahashi and Parsons 1972), They suggest that shal lower waters
general ly have Increased production and can reach maximum levels of 1.8

2 da_I. Thayer et al. (1975) report data that indlicates the

gCm
phytoplankton community contributes approximately 30% to total
autotrophic production where the total was partitioned among eelgrass
and epliphytes, phytoplankton and benthic microalgae. My estimates of
314 using the same principal components agrees very well with their
assessment. [ndependent measures of phytoplankton photosynthesis from
the Z. marina study site (Wetzel et al. 1979) in summer and fall using
14 3h-1

C radiotracer techniques Indicate a July average of 170 mgC m and

an October average of 93 mgC m—3 h-1. These agree well with the range
of values for net apparent productivity (1.e. 50 mg C in July and 120 mg

C In October) using oxygen.
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A combination of factors might explaln greater water column
production within the seagrass system than adjacent open waters. Using
the 140 radiolsotope data reported by Wetzel et al. (1979), the
phytoplankton |ight saturate at approximately 85 uE m—2 sec-1, which Is
iower than typlical water column |ight conditions in the Z. marina area
(Table 2.2). The Increased in situ |Ight conditions of the grass bed
may lead to Increased phytoplankton production. Water depth In this.
area Is an average of 1.0 m, while average grass length Is less than 20
cm., allowing the phytoplankton to 'take advantage' of the high
remineral izatlon rates (Nixon 1981) within the nearshore community.
Therefore, it may be that the high levels of phytoplankton production In
the Z. marina community are due to 1) favorable |ight conditions and 2)
lack of macrophyte Influence on phytoplankton except during peak macro-
phyte biomass, (l.e. note lower phytoplankton production during spring
and early summer (Figure 2.2)) on phytoplankton. Although on an area
basis, the phytoplankton production of the R. maritima area equaled that
of the Z. marlina area, there is some evidence for photoinhibition. The
significant negative correlation between plankton NAP and |ight suggests
that there Is a decrease in productlivity with the Increase In |ight. If
this Is indeed the case, then phytoplankton production In the R.

maritima area potentially could be greater than the reported values.

Carbon Production

As mentioned previously both Z., marina and R, maritima contribute
similarly to the total annual gross production of the ecosystem.
However, annual net production (taken as the difference In gross and

respiration) In the Z. marlina community exceeds that of the R. marlitima
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community by 282 g C m-2 (Tables 2,3 and 2.4). This is due to the
elevated microalgal (benthic and planktonic) rates in the Z. marina
area. Each macrophyte occupies approximately half of the 140 hectare
bed, or 70 hectares. If the macrophytes occupy 50% of the area (Orth et
al. 1982), It Is reasonable to assume that the other 50f is occupled by
benthic microalgae. Based on these calculations, the annual net carbon
produced by this seagrass system Is 633 metric tons (Table 2.7). (It
must be reallzed that these values are maximized due to the high Ir-
radlance during the incubation periods (Table 2.2)). When conslidering
that this estimate has accounted for microheterotrophic utillization, It
Is reasoﬁable to assume that this maxImum annual net production of carb-
on is avaliable for other resident and transient consumers (e.g.
macroheterotrophs) of the seagrass ecosystem. Therefore, fallure to in-
clude microalgal productivity rates for seagrass systems not only
underqsflmafes total production, but ignores the perhaps more important

contribution to the heterotrophic components.



Table 2.7. Annual Carbon Production for the Vaucluse Shores
Seagrass Bed

Area Component Metric Tons Carbon

GPP R NPP

Z. marina Plant-epiphyte 608 290 315
Plankton 343 304 37

Benthos 155 97 63

Area Totall 1106 691 415
R. maritima Plant-epiphyte 493 342 - 151
Plankton 200 187 11

Benthos - 77 22 57

Area Totall 770 551 219
Total for two areas 1876 1242 633

1. Assuming equal values.for the Z. marina - R. maritima ecotone.

2. GPP=Gross primary production; R=Respiration; NPP=Net primary
production, calculated as the difference in GPP and R.
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CHESAPEAKE BAY SEAGRASS COMMUNITIES
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I NTRODUCT ION

The eplphytic populations of macrophytes vary both structurally and
functionally among naturally occurring submerged aquatic plant
ecosystems. Capone et al. (1979) documented such variations in a I.
testudinum seagrass community in Biminl. These varlations may result
from differences in environmental conditlons, especlally In nutrient
concentrations and light regimes. If elther of these conditlons are
|Imiting, epiphytic growth may also be |imited. However, If environmen~
tal conditions become non-1imiting (such as In nutrient enrichment),
epiphytic growth may Increase. This Increase In growth could be
detrimental to the macrophyte by decreasing avallable |ight to the plant

and ultImately may lead to the demise of the community. The purpose of

this project was to evaluate epiphytic colonization of Zostera marina in
two lower Chesapeake Bay seagrass communities. The objectives were to
determine the difference In the two areas in 1) epiphytic communlty
structure; 2) the relative abundance of epiphyts upon the macrophytes

and 3) plant and epiphyte productivity and respiration.
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STUDY SITE DESCRIPTIONS

To evaluate epiphytic biomass and the productivity of macrophyte
and epiphytes in natural systems, plants were collected from two
seagrass beds in the lower Chesapeake Bay. The first area, located on
the Eastern Shore of Virginia, at Vaucluse Shores, has been described in
Chapter 1. Nutrient concentrations In the area are low, based on data
from Wetzel et al. (1979). The second area, locally known as Guinea
Marshes, 1s located on Virginia's western shore of the Chesapeake Bay at
the mouth of the York River (Figure 3.1). The sampling area was located
within a small embayment protected by an offshore island. The shorelline
of the embayment Is more populated than Vaucluse Shores; the houses are
equipped with septic systems for sewage disposal. Land uses in these
two areas of the Chesapeake Bay have traditionally been different. The
Eastern Shore Is princlpally agricultural and Is sparsely populated.

The area surrounding the study site Is particularly undisturbed with
only one house In the immediate vicinity. In contrast, the western
shore Is'more densely populated and the !and uses vary from agriculture
to urban cities. Speciflcally, the area surrounding Guinea Marsh study
slte has some agriculture and several private residences (Figure 3.1).
The two areas have simllar temperature and light regimes (Orth et al.
1982; Chapter 1, thls document), however, no data exlists for nutrient

concentrations from the embayment at the Gulnea Marsh site.
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MATERIALS AND METHODS

Separation of Macrophyte and Epiphyte: Method Development

Cattaneo and Kalff (1977,1979) suggested that artificial sub-
strates, i.e. plastic ribbons, develop comparable epiphytic communities
to those of |ive freshwater submerged macrophytes. The advantage of
epiphytic colonization of artificlal substrates is that it allows for
the determination of epiphytic biomass and productivity without disrup-
tion of the vascular blanf. Beginning in April of 1980 and contlinuing
monthly until September, polyeurythane ribbons structurally resembling
Z‘,ﬁanlna were deployed In the Vaucluse Shores seagrass bed at densities
and leaf length equal to the natural vegetation (based on data from Orth
and Moore, 1979). Colonlization of the artificial substrates and |lve
grasses was determined at two to three week intervals using epifloures-
cent microscopy techniques. For each sampling period, slides of three
separate leaf sections were prepared. A 2 cm section of leaf was placed
In 3 ml sea water, stained with 20 ul proflavin (0.033%) and fixed with
200 ul 6% gluteraldehyde (Haas, pers. comm.). Ten slide grids (.024025
mm-z) for each section were counted, and the mean and standard deviation
for the three dominant groups are reported.

Penhale (1977) described a method for separating epiphytes from Z,

14C In-

marina plants from a North Carolina seagrass system. Following
cubation, plants were lyophilized, after which the epliphytes were easlly
separated from the plant. However, epiphytic species composition and
abundance of Penhale's study area differ from those at the Vaucluse

Shores study site. Flrmly attached diatoms of the Vaucluse Shores area

were not easlly removed following lyophilization (Penhale, pers. comm.),



44

rendering the method unacceptable to this study. Therefore, separation
of the plant and epiphyte was accomplished by scraping the leaf as

described below.

Production and Resplration Estimates

Plant and epiphytes were separated by gently scraping the
eplphytes from the plant surface with a flat spatula. The epliphytes
were scraped Into filtered seawater and collected by filtration.
Preliminary Investigations were made to estimate the effect of the
removal technique of epiphytes on plant productivity. The productivity
of plants scraped clean of eplphytic material was compared with that of
unscraped plants of low epliphytic densitles at several |ight levels.
Incubation of eplphytes removed from the plant resulted In very low
productivity and respiration rates, perhaps Indicating damage to the
epliphytic cells with removal. Representative plant |eaves cleaned in
this fashion were checked each sampling period for removal efficiency by
examining random samples using eplflorescent microscopy. Based on ob-
servation, removal efflciency was greater than 90% and for the majority
of samples no epliphytes were observed on scraped leaf surface. The
epiflorescent microscopy showed no observable evidence of plant tissue
damage by the technique.

Productivity and respiration estimates were made by Incubating
plants, scraped and unscraped, in dupllicate |ight and dark 300 m! BOD
bottles. Eplphyte productivity and respiration was determined as the
difference in scraped and unscraped plants. Temperature and |ight were
controlied by placing the botties In flow-through water baths located In

full sunlight, but shaded to ambient levels by neutral density
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screening. Oxygen concentration was measured at 0, 2, and 4 hours with
the Orbisphere (Chapter 1) equipped with a collar designed to fit and
seal into the opening of a standard BOD bottle. Productivity for both

plant and epliphyte are reported as the mean mg 02 g (dry welight plan‘r)-1

et

Epiphyte Blomass Determination

Plants were randomly collected in the field by hand, placed In a
bucket of amblent water, returned to the laboratory, and processed
Immediately. Epiphyte biomass was determined by scraping the leaf sur-
faces Into filtered sea water, collected by filtration onto preweighed
glass fiber filters (Whatman GF/F),and dried at 60°C and welghed to the
nearest 0.0t mg. Bilomass Is reported as mg dry weight epiphyte.g dry
welght plant™}.

Enumeration of cells was made using eplflourescent microscopy to
determine community structure and dominant groups. Slides of colonlized
Ilve plants were prepared as described for the leaf sections.
Chlorophyl|l a was determined spectrophotometerically on dimethyl

sul foxlde~acetone extracts (Shoaf 1976 and Stauffer et al. 1979) of

epiphytic material filtered onto glass fiber fllters as above.

Plant Morphology

Plant morphology characteristics were determined on whole plants
collected from the two study areas. Leaf number, length, and width was
measured for elght plants from each of the sites. The means of these

values and the calculated leaf area is reported.
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RESULTS

Table 3.1 presents the results of the epliphytic colonlzation on
artificial and natural macrophyte substrates field studies. The abun-
dance and dominant groups differed between the two substrate types.
Epiflourescent counts showed that the artificlal substrates became
colonized with bacteria within two weeks, and by eight weeks the com-
munity consisted of a varled assemblage of filamentous algae and
dlatoms. Colonization of the natural seagrass leaf also started with
bacteria, but only one type of diatom persisted throughout the study
period. This suggests that the use of artificial substrates In evaluat-
Iing epiphytic communities may be erroneous, at least for Z, marina In
this ecosystem.

The effect of scraping on plant photosynthesis is presented in
Figure 3.2. The data Indicate that the photosynthetic rate of plants
with low epiphytic colonization is not inhibited at |Ight levels greater
than 200 uE m"2 sec"1 (note overlap of standard error bars). Therefore,
eplphyte productivity and respiration derived as the difference In
unscraped and scraped plant represents a falrly'accurafe estimate of
epiphytic metabol ism.

Figure 3.3 summarizes epiphytic biomass (Figure 3.3-A), cell abun-
dance (Figure 3.3-B) and chlorophyl! a content (Figure 3.3-C) from the
two study sites. Epiphytic biomass within the two areas were equal
during spring, but at the Guinea Marsh study site It Increased |Inearly
through August, while remaining relatively low at the Vaucluse Shores

site. By September, no macrophytes remained at the Guinea Marsh site.



Table 3.1.

m-2, £S.D.; N=30).

Comparison of epiphytic colonization on artificial and
natural macrophyte substrates.

Cell abundance=number (X) -

Date Colonization Organism* Cell Abundance Cell Abundance
time artificial natural
5/9/81 2 mo. D ND** 0
B ND 345(¢ 15.78)
B-G ND 12(+1.23)
5/26 2 wks. D 0 1
B 114 60(+.23)
B-G 36 (+12.16) 4
6/15/81 5 wks. D 321 (+53.46)  2241(+30.67)
B solid coverage 25(+15.52)
(not counted) -
B-G 0
7/23/81 9 wks. D 522 (+71.33) 377(+80.33)
B 0 0
B-G 0 0
8/4/81 11 wks. D 518 (+11.60) 934(+8.30)
B 0 0
B-G 0 0
8/28/81 D ND 69(+4.35)
B ND 0
B-G ND 0
9/17/81 D ND 0
B ND 0
B-G ND 0
* D = Diatoms B-G = Blue-Green Algae
B = Bacteria ** ND = Not Determined
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Community structure and cell abundance also varied between the two study
sltes. The three dominant components iIncluded diatoms, bacteria and
blue-green algae, as described In detall by von Montfrans et al. (1982).
Diatoms and bacteria were dominant for the first three months at Guinea
Marsh. The August eplphytic community completely covered all plant leaf
material and consisted of macroheterotrophs, Including sponges, encrust-
ing bryzoans and anemones. Due +o the heavy colonization by
macroheterotrophs, enumeration of Individual cells by epiflourscent
microscopy was not possible. Abundance at the Vaucluse Shores site
remalned low, with a slight Increase In August In diatoms and bacteria.
Although present in relatively high numbers, blue-green algae never
dominated abundance in either area. Chlorophyll a values are consistent
with the results of biomass and abundance, in that the values for the
Gulnea Marsh site far exceeded those of the Vaucluse Shores site. The
high chlorophyll a values In August Is due to fllimentous green algae,
which were not enumerated (note the lack of diatoms for this date.)

Results for plant and epiphyte metabollism studlies at the Vaucluse
Shores and Guinea Marsh study sites are given in Figure 3.4. Macrophyte
productivity for Vaucluse Shores exhibits the same summer time depres-
sion noted In other studies for the same area (Wetzel 1983), followed by
an early fall Increase. Epiphyte productivity was negligible, and sup-
ports the low values of bliomass and chlorophyll data. Epiphyte
respiration was also low and followed epiphyte productivity. A com=-
pletely different pattern Is exhibited by the Gulnea Marsh community.
For the first three sampling perlods, plant productivity increased, ex-
hibiting an opposite pattern from Vaucluse Shores. Epiphyte

productivity (while relatively high as compared to Vaucluse Shores)
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remalined low until July, when 1+ almost equaled that of the plant. In
August, the epiphyte component was strongly heterotrophic, as would be
expected by the heavy macrofaunal colonization. Macrophyte productivity
was also greatly reduced, perhaps Indlicating plant stress and/or
senescence. Epliphyte respiration Increased as epiphytic productivity
Increased, which suggests a strong coupling of autotrophic and
heterotrophic processes.

Plant morphology data from the two study areas are presented In
Table 3.2. Significant differences in mean width and area were found

for plants sampled from Vaucluse Shores and Gulnea Marsh.
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DISCUSSION

Results of these fleld studles Indicate differences In epiphytic
community structure and abundance between the Vaucluse Shores and Guinea
Marsh study slites. It Is hypothesised that these differences are at-
tributable to Increased nutrlient concentrations to the water column
and/or reduced |ight at the Guinea Marsh site, perhaps due to
anthropogenic nutrient loading. 1izumi et al. (1980), Phillips and
Lewis (1983) and Short (1983) report that eelgrass morphology Is an in-
dicator of environmental nutrient concentrations (l.e. plants growing in
areas with higher nutrient concentrations are more robust, with in-
creased leaf width, length and area). The significant differences in
the plant morphology data from these two study support the hypothesis of
Increased nutrient concentrations at Guinea Marsh.

Differences in the two communities are further suggested by the
differences In plant productivity. The Vaucluse Shores macrophyte
productivity exhibited the characteristic mid-summer decline with a late
summer-early fall Increase described by Wetzel (1983). However, the
Gulnea Marsh macrophytes followed an opposite pattern (i.e. peak in June
with a steady decline thereafter). The results of the epiphytic produc-
tivity studlies corroborate the assumption (made in Chapter 1) that
eplphytes at Vaucluse Shores contribute |ittle to the total community
production. The values of epiphytic net production provided In Figure
3.4 are probably overestimates attributable to problems In the methodol-
ogy (scraping epliphytes from plant leaves). Undoubtedly, this method

causes some injury to the seagrass and Its epiphytes, which can lead to
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an overestimate of the relative contribution of epiphytes. Generally,
the cel| abundance and chlorophyll a data (Figure 3.3) are probably more
rellable than the productivity data. Conslidering the fact that
chlorophyll a levels were undetectable (by fluorometer ananlysis) in
July (and therefore epliphytic production was approximately 0) the over-
all contribution of epiphytes to combined plant-epiphyte net production
for the summer period was less than 10§ at this site.

The effect of nutrient enrichment on naturally occurring Z. marina
communities may be evident In comparing the two study sites. At the
Vaucluse Shores slite, which has relatively low nutrient concentrations
compared to those In the lower York River (Webb, pers. comm.), epiphyte
productivity remained low throughout the sampiing period. At the Guinea
Marsh site, where nutrient concentrations may be higher, the epiphyte
productivity was low In early summer. However, In July It Increased to
almost equal that of the plant, while In the following months the
epiphytic community became heterotrophic. Based on studies Involving
nutrient enrichment in a Rhode Island coastal lagoon, Harlin and Thorn-
Miller (1981) hypothesized that at low water column nutrient
concentrations, vascular plant growth Is favored because they can draw
from sediment nutrient reserves. At Intermediate nutrient concentra-

t+ions, macroscopic algae (l.e. Ulva lactuca and Entromorpha plumosa)

become dominant, and at high nutrlent concentrations, planktonic algae
réplace benthic autotrophs. The findings of my study are consistent
with this concept if one considers that In the absence of macroalgae,
epiphytic algae dominate as long as the vascular plants can persist, but
under continued nutrient enrichment, the seagrass and their epiphytic

communlty are replaced by phytoplankton (and perhaps benthic algae).
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Therefore, duratlon of exposure as well as nutrient concentrations, may
both be Important in Interpreting the replacement of communitles at the
Guinea Marsh site. Flirst there was the Initial development of a
strongly autotrophic epiphyte community, which was followed by the
development of a fllter-feeding macroheterotrophic epiphyte community.
The development of this type of community could suggest the presence of
water column plankton, which serve as a food source for the filter=-
feeders. This hypothesls Is consistent with that of Phillips et al.

(1978), who suggest seagrass community replacement by plankton with con=-

t+inual nutrient enrichment.
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THE EFFECT OF NUTRIENT ENRICHMENT AND L IGHT REDUCTION
ON ZOSTERA MARINA L. EPIPHYTIC GROWTH
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I NTRODUCTION

The variation of epliphytic growth on Zostera marina communities
may be the result of variations In enviromental parameters. Nutrient
enrichment to the water column of submerged aquatic macrophyte systems
promotes microalgal growth, especlally those epiphytic on the plant
(Sand-Jensen and Sondergaard 1981). Laboratory experiments involving
control led nutrient concentrations and |ight regimes enable the more
preclise Interpretation of the effects of these external parameters on
the growth and metabolism of the plant-epiphyte complex.

The purpose of this study was to evaluate macrophyte- epiphyte In-
teractions under variable nutrient and |ight regimes. The objectives
were to: 1) investigate the effect of controlled nutrient enrichment and
1ight reduction on eplphytic biomass of Z, marina, 2) evaluate the ef- '
fect of nutrient enrichment and | ight reduction on plant and epiphyte
productivity, 3) and estimate |ight reduction due to epiphytic growth on

the leaf surface.
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MATERIALS AND METHODS

Experimental Design

Z. marina plants were collected in mid June from the Guinea Marsh
study area described In Chapter 2. Plants were returned to the
laboratory and cleaned of epiphytic growth by gently scraping the leaf
surfaces with a flat spatula, blotteed dry, weighed (total wet welght)
and Individually planted In pots containing cleaned sand. Twenty- four
potted plants were placed in each of six, 10 gallon flow-~ through
aquaria (Figure 4.1). Flow rates were maintained at approximately 350
ml mln.-1, which resulted In complete water turnover time of 1.5 hours.
The aquaria were Incubated on a larger, flowing sea water table to maln-
tain ambient river water temperatures. The following experimental
treatments were used: two aquaria (numbers 1 and 2) had amblient
(control) nutrient levels; two aquaria (numbers 3 and 4) had nitrogen
levels 30 times ambient and two aquaria (numbers 5 and 6) had nitrogen
levels 70 times ambient. Nutrient amendments were added according to
the Redfleld ratio for nitrogen and phosphorus (NP 16:1) and concentra-
tions were malntalned using stock solution of 47 uM ammonia nitrate and
6 uM disodium phosphate by metering into the aquaria with a multl-speed
transmission peristaltic pump. Metering rates were monitored daily to
assure constant treatments throughout the experiment. Three of the
tanks (1,3 and 5), were shaded with neutral density screens to in situ
I1ght levels (le. 1ight levels normally experienced by the natural com~
munity (Table 2.1)). The other three tanks (2, 4, and 6), were shaded

to 508 of the In situ control levels. Water quality
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parameters measured over the course of the study included dissolved
oxygen, temperature, sallinity, and |ight as photosynthetlically active
radiation (PAR). Oxygen concentration was determined with an Orbisphere
Oxygen Monitor (Model #2604). Temperature and salinity were monitored
dally using a max-min reversible thermometer and salinity determined
using a refractometer. Light was contlinuously measured over the
photoperiod, using a Li-COR Quantum Meter (Model #185A) at the top of
the plant canopy. Concentrations of nitrate, nitrite, ammonia and or-
thopohsphate were determined on duplicate water samples from each tank
using standard, Technicon Auto Analyzer techniques at the beginning,
mid, and final dates of the experiment. The experiment was conducted

for a total of two weeks to minimize enclosure effects.

Treatment effects

To determine epiphytic biomass on Z. marina leaves in these ex-
periments eight plants were randomly sampled from each tank at the end
of the two week period. The surfaces were scraped Into flltered sea
water, and processed as described previously (see Chapter 2) ‘o deter-

mine epiphytic dry weight.

Light Attenuation by Epiphytic Growth

To estimate |I1ght attenuation due to epiphytic growth, two etched
(sanded with rough grade sand paper) plexiglass slides were placed In
each of the experimental tanks and allowed to colonize for the duration
of the experiment. LIight measurements were made before and after

colonization by placing the s!ide over the quantum sensor (in water) of
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the L1~ Cor Quantum meter. The difference In the two values as percent

was used to estimate the |ight reduction due to epiphytic growth.

Productivity and Respiration Estimates

Productivity and respiration estimates for Z. marina were made by
Incubating plants, scraped and unscraped, In |ight and dark 300 mi BOD
bottles, as described in Chapter 2. Epiphyte productivity and respira-
tion were calculated as the difference between scraped and unscraped
plant. Incubations were conducted in their respective tanks to maintaln
amb ient temperature and controlled |1ght. Oxygen concentration was
measured at 0, 2, and 4 hours with the Orbisphere (Chapter 1) using a
polarographic probe equipped with a collar designed to fit and seal Into
the opening of a standard BOD bottle.

To estimate treatment effects on plant growth, initial and final
measurements of shoot length, fresh weight and leaf number were deter-
mined on elght random plant samples from each tank. Initlial plant wet

weights were cbtained on total plants (leaves and shoots).



63

RESULTS

Routine (every two days) sampiing data (Table 4.1) Indicated
Ii1ttle varlation among tanks for salinity (20-210/00) and temperature
(26-31°C). but relatively high midday dissolved oxygen concentrations

(10-18 mg 0,). Average midday PAR measurements In the |ight-control

2
tanks (1, 3 and 5) ranged from 422 to 490 uE mZ sec”! and In the shaded
tanks (2, 4 and 6) ranged from 180 to 220 uE m2 sec”! or about 43% of
the control 1ight levels. Average nutrient concentrations over the ex-
periment show that for the controls tanks (1 and 2) nitrogen:phosphorus
(N:P) ratios were approximately 7:1 while In the nutrient amended tanks
(3, 4, 5 and 6) were 18:1 and malntalned according to Intended design.

Initial and final total plant weight and final epiphyte biomass
are glven In Figure 4.2, There was no significant differences (x=0.05)
in mean whole plant weight over the course of the experiment although
all mean final values were lower than Initial conditions. Epliphyte
biomass at the end of the experiment was approximately equal in tanks 1
through 5. Tank 6 was higher and differed significantly from all
others.

The ratio (E:P) of epiphyte biomass to plant leaf biomass was used
for data reduction to and test for treatment effects. The effect of am;
bient light reduction and nutrient treatment on epiphytic growth is
Illustrated in Figure 4.3. In the shaded tanks, epiphytic growth
averaged approximately 70% higher than in corresponding control

treatments. In each |ight treatment, epiphytic growth per plant in-

creased with Increased nutrient level. In the control |ight tanks the
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TABLE4.1. MEAN MIDDAY DISSOLVED OXYGEN, NUTRIENT CONCENTRATIONS AND LIGHT
ENTRIES ARE MEAN OF
ALL OBSERVATIONS MADE OVER THE TWO WEEK STUDY.

(PAR) INTENSITY IN THE EXPERIMENTAL TANKS.

Tank 07 po,~3 N0z + NO3 NH, N:P PAR
No. (mg 0p &71) (uM) (uM) (uM) (uM)  (uE w2 sec~l)
1 11.9 0.49 1.19 3.57 7.67 470

2 9.52 0.49 0.71 2.69 6.94 180

3 16.7 7.74 72.3 59.6 17.0 422

4 10.7 7.97 68.4 67.1 17.0 188

5 18.5 13.4 128. 129. 19.2 490

6 10.5 15.1 142. 142, 19.1 220
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Figure 4.3. Resulting mean (+ 1 5.D.; n=8) epiphyte (g dry weight to plant leaf
(g dry weight) biomass ratio following the study. The upper panel
is grouped by lxght regime and the lower panel by nutrient treat-
ment for convenience.
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greatest Increase occurred between amblent and nutrient level 1. In the
shaded tanks the greatest Increase was between nutrient level 1 and
nutrient level 2, suggesting a Interactive effect between nutrient con-
centration and decreased |ight. Overall, the shaded tanks had a greater
Increase in epiphytic growth with Increased nutrients.

Table 4.2 summarizes the results of simple palr-wise comparison of
mean ratios blocked by treatment and gives the probability that the mean
ratios are different. There are significant differences In mean ratios
due to the 1ight and nutrient treatments. Because the calculated +-
statistics are negative for all comparisons using the blocking design
illustrated, both decreased |1ght and Increased nutrlent level had posi-
tive effects on the ratio and thus epiphyte growth. Table 4.3
summarizes the results of analysls of varlance using an ANOVA Model |
with fixed effects. As Indicated, there were highly signiflicant main
effects and a lower but significant |ight- nutrient Interactive effect.

The degree of |ight attentuation due to epiphyte growth, i.e.
colonization on the test plates, is presented in Table 4.4. The data
suggest that nutrients have a greater effect than Incldent |ight reduc-
tion (i.e. shading treatments). Figure 4.4 illustrates the relationship
between epiphytic percent |ight reduction and the epiphytic biomass.
Percent |ight reductlion Increased by an average of 58% In the nutrient
enriched treatments (dotted |ine), while In the shaded treatments
remained constant (solid line). The data suggest that percent |ight
reduction due to eplphytic attenuation remalns constant over the shading
treatments but increases logarithmically with Increasing nutrient

levels. Overall, there Is an Increase In percent



TABLE 4.2, SIMPLE PAIR-WISE TESTS OF MEAN EPIPHYTE: PLANT LEAF BIOMASS
RATIO DIFFERENCES BLOCKED BY LIGHT (PAR) AND NUTRIENT

TREATMENTS.
Mean
Comparison
Test d.f.l t- - Pz_
Blocks (tanks i-j) (n) statistic (x; # x3)
a. Light 1-2 14 -3.14 >.995
3-4 14 -1.18 >.800
5-6 14 -2.70 2.990
b. Nutrients
1. In Bitu PAR 1_3 14 -2-2 >.975
3-5 13 -0.714 >.750
1-5 13 -6.56 >.995
2. 50% In siut PAR 2-4 14 -1.49 >.900
4-6 - 13 -2,20 2.975
2-6 13 ~3.43 >.995

l. d.f. = degrees of freedom for test statistic,

2. P = probability that the two means are significantly different.
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TABLE 4.3. MODEL I ANOVA (FIXED EFFECTS) FOR NUTRIENTS, LIGHT AND
PLANT LEAF BIOMASS RATIOS.

INTERACTIVE EFFECTS ON EPIPHYTE:

Source df Ss MS F
Nutrients 2 13.1 6.54 49, 1%*
Light 1 9.97 9.97 74.8%%
Nutrients X Light 2 1.55 777 5.83*
Error 40 5.33 .133

Total 45 29.9

* Significant @

*% Significant @

= (.05

= 0.01
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TABLE 4.4. TREATHENT EFFECTS ON EPIPHYTIC BIOMASS (A), x & DRY Wt.
PLANT™! (+ S. E.) AND LIGHT REDUCTION DUE TO EPIPHYTES
(COLONIZATION OF SLIDES) (B), x PERCENT DECREASE (+ s. E.).

A. Nutrients*
Light 0 1 2
Control 47.4 110. 128.

(3.8) (24.0) (11.5)

Shaded 91.6 166. 215,
(13.6) (24.2 (58.3)

B. Nutrients*
Light 0 1 2
Control 43.6 70.2 76.3

(3.78) (7.39) (0.85)

Shaded 45.1 67.0 68.3
(1.41) (0.071) (3.00)

* 0 = Ambient, 1 = 30X, 2 = 70X
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I Ight reductlion with an Increase In eplphyte biomass that appears to
asymptotically approach an upper |Imit probably governed by leaf surface
area.

Figure 4.5 summarizes the productivity estimates for macrophyte
leaves and epiphytes. The first bar in each group represents total ap-
parent net production, the second bar respiration, and the third bar
gross production. The top area of each bar s epiphyte and the bottom
macrophyte contribution respectively. In tanks 1, 2, 3 and 4, eplphyte
and macrophyte net and gross productivity are approximately equal.
Tanks with the highest nutrient concentrations (5 and 6), show a sig-
nificant Increase in total productivity. While there Is only a slight
decrease In macrophyte productivity over all treatments, epiphyte
productivity accounted for approximately 90% of the total In tanks with
the highest nutrient concentration under both control and shaded |ight
regimes. Respiration remained low and relatively constant for both
eplphytes and macrophytes in treatments 1 through 4 but macrophyte
respliration tended to Increase in tanks 5 and 6, suggesting stress.

Table 4.5 summarizes changes In various meristic characteristics
for the macrophytes. All plants show a net loss In weight and shoot
length following the experiment. Plants in ambient nutrient concentra-
tions show a net gain of about one leaf per plant, while there is an
average loss of appriximately one leaf and two leaves In nutrient levels

1 and 2 respectively.
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TABLE 4.5. TREATMENT EFFECTS FOLLOWING THE TWO WEEK STUDY ON VARIOUS

MERISTIC PARAMETERS FOR Z. MARINA. ENTRIES ARE THE MEAN
+1 S.D. (n=8).
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A. # g wet wt. plant -1
Nutrients
Light 0 1 2
Control -.21 - 44 -04
(.22) (.20) (.08)
Shade "025 -019 "’-:4
(.29) (.13) (.08)
B. #shoot length (cm)
Nutrients
Light 0 1 2
Control -1.2 -0.3 0.42
(0.9) (2.0) (0.61)
Shade -109 -1 08 -1 .3
(1,.1) , (3.0) (1.1)
C. #leaf no.
Nutrients
. Light 0 1 2
Control +0.88 "0050 -1 .50
(.35) (.31) (.51)
Shade +0¢88 "1-14 '1071
(.35) (.55) (.48)
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D1SCUSSION

The results of these microcosm studies Indicate that epiphytic
biomass on Z, marina Increases with decreased |ight and Increased
nutrient levels, and that separately these factors have a greater effect
on growth than their Interactive effect. The resuits are consistant
with data reported elsewhere, which indicate that microalgae (i.e.
dlatoms) photosynthetically saturate at lower |Ight Intensities than
vascular plants (Taylor 1964; Ignatiades and Smayda 1970; Levin and
Mackas 1972; Admiraal 1977) and assuming that eplphytic diatoms saturate
at similar light Intensities as benthic diatoms. From a competitive
standpoint, the microalgae are at an advantage under lower estuarine
light conditions. Increased nutrient concentrations in the water column
also favor microalgal growth over that of the vascuiar plant; 1)
microalgae can Incorperate water column nutrients faster and easier
. through direct diffusion, and 2) the major source of nuirients to macro-
phytes 1s through sediment uptake, although this has not been well
documented (McRoy et al. 1972; McRoy and Alexander 1975; Penhale and
Thayer 1980).

Perhaps the major short term effect of Increased epliphytic growth
on Z. marina is In the reduction of light to the plant. The‘conTrol
| 1ght levels of approximately 460 uE m"2 sec-1 (Table 4.1) are well
above saturating for both epiphyte (assuming a diatom population) and
vascular plant. However, light avallable for Z, marina photosyntheslis
was probably In the range 115-250 uE m-2 sec-1 1f the colonized sl ides

accurately estimate percent |ight reduction due to epiphytic growth.
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These PAR levels are suboptimal, particularly for the nutrient enriched
treatments. The shaded-treatment |ight levels of ca. 200 uE m? sec”!
" (Table 4.2) are above saturation for the microalgae but are at or below
saturation intensities for the vascular plant. Light available under
the shaded treatments for Z. marina was probably In the range 60-110 uE

m"2 sec-1, well below saturating photosynthesis, and very near the

reported range for compensating |ight intensities of 50 to 100 uE m"2
sec-1 (Wetzel 1983). The mean percent |ight reduction of 45§ due to
epiphytic growth under ambient 1ight and nutrient conditions suggests
that for naturally occurring communities, In situ |ight reg}mes must be
near 400 uE m-2 sec-1 reaching the plant canopy for maximum rates of
vascular plant photosynthesis to be reallzed.

The effects of controled pertubation on the productivity of the
plant and epiphytes are evident from the results of these laboratory
experiments. Productivity of the plant-epiphyte complex in the ex-
perimental studies remalned falirly constant with amblent and lower level
nutrient treatment in both control and shaded |ight regimes (Figure 4.4,
tanks 1-4). Productivity doubled in the high nutrient treatments (tanks
5 and 6) and greater than 90f of gross and net apparent productivity was
attributable to the eplphy+e‘componen+. These data suggest that short-
term nutrient enrichment changes the community productivity strategles
and becomes dominated by the epiphytic microaigae. If these results can
be extrapolated to natural seagrass systems In the Chesapeake Bay, then
I would suggest that continued nutrient enrichment and/or |ight reduc-
tion within the water column could change the productivity structure
from seagrass dominnated to epiphyte cominated, perhaps eventually at

the expense of the macrophyte.



CHAPTER 5
GENERAL DISCUSSION AND CONCLUS IONS
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The results of the first section of this study support the
hypothesis that seagrass systems are highly productive. The two
seagrass communities investigated (dominated, respectively, by Zostera
marina and Ruppla maritima) exhibited annual net production of about 300
to 600 g C m-z. These values correspond well with values reported for
similar seagrass systems (Dillon 1972; McRoy 1974; Verhoeven 1979;
Neinhuis 1980). However, the macrophytes are only partially responsible
for these high production values. Other autotrophs (i.e. phytoplankton,
benthic algae and epiphytic algae) contribute significantly to this high
production rate. In this temperate seagrass system, the plant-epiphyte
complex contributed 55§ of the annual carbon produced in the Z. marina
community and 64% In the R. maritima community. The remaining portion
of the annual carbon budget was produced by the microautotrophic com-
ponents, speciflically the benthic microalgae and the phytoplankton (45%
and 36% In the Z, marina and R, maritima areas, respectively.) These
values compare well to other studles, which have reported
microautotrophic contributions between 30§ and 50% of total communlty
production (Jones 1968; Dillion 1971; Bittaker 1975; Penhale 1977; Borum
and Wium Andersen 1980). Therefore, the exclusion of microalgae In es-
timates of seagrass community production may result In underestimates of
those values.

Evidence for heterotrophic utilization of the macrophytes via the
detrital pathway lies In the Increase In plant-epiphyte and benthic
resplration in both communities during plant die-back perlods. These
data support previous findings that submerged macrophytes are most

readlily utilized through decomposition processes (Hargrave 1969;
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Lindeboom and deBree 1982; Wetzel 1983). The annual
production/respiration values of greater than one indicate the generally
autotrophic nature of the components and an annual net excess of primary
production. This excess production is either exported from and/or
burled in the system. Orth (1977) reports higher organic confen+ in the
sediments of grassbeds compared to unvegetated areas, which suggests
burfal of at least part of the excess autotrophic production.

Although production values for the two communitles are similar,
their strategies In attaining these rates are quliet different. Z,
marina exhibits a negative response to Increasing temperature, causing a
summer decline In macrophyte production. However, the autotrophic na=-
ture of the community Is maintalned by microalgae replacing the seagrass
as the domlinant producer (communlfy P/R ratio = 1.10). Macrophyte
production In the R. maritima community is positively correlated with
Increasing temperature, generating a summer peak production followed by
a decline in fall. Here microalgae never dominates community produc-
tlon, so that reductions In seagrass production result in reductions of
the community production.

In Chapter 1 the plant and epliphytes were combined into one com-
ponent because gross observations Indicated low eplphytic growth at the
Vaucluse Shores study site. However, other studles have shown that
epiphytic growth in Z, marina seagrass systems Is high, and indeed the
epiphytic productivity can equal that of the plant at certalin times of
the year. Therefore, In communities with high epiphytic growth, the
potential for microautotrophic contributions to total productivity Is
even greater than shown In Chapter 1. Studies (Chapter 2) were under-

taken to evaluate the differences In epiphytic productivity In two Z.
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marina communities of the |ower Chesapeake Bay; one with low epiphytic
colonization (Vaucluse Shores) the other with high epiphytic coloniza-
tion (Guinea Marsh).

Epiphytic productivity during the growing season at the Vaucluse
Shores site remained low (less than 0.5 mg O 2 gdw pIan*I"1 hr-1). On
the other hand, the epiphytic productivity at the Guinea Marsh site

-1 In July, which was comparable

reached a peak of 3 mg O2 gdw pl.’:m‘i'-1 hr
to the plant productivity. Further differences In the epiphytic
colonizations were evident In the seasonal pattern of both productivity
and respliration and in community structure (i.e. abundance and type of °
organisms). Both communitles were similar at the beginning of the grow-
Ing season and community structure remained relatively unchanged
throughout the study perliod. However, at Guinea Marsh both productivity
and respiration rose to thelr peaks In July, which was followed by the
development of strongly heterotrophic community In August. The com-
munity structure at Guinea Marsh also changed from a bacteria-diatom
community to a macroheterotrophic one, consisting of sessile filter-
feeding organisms.

Clearly, the two epiphytic communities differed in structure and
function. The causes of these varlations may be differences in the en-
vironmental conditions of the areas. Based on the significant
differences of the plant morphology from the two areas, It was assumed
that nutrlent enrichment at the Guinea Marsh area may be responsible for
Increased eplphytic growth. Additionally, decreased |ight caused by in-
creased water column turbidity and epiphytic growth could lead to plant

stress and/or mortality. The studles In the final section were designed
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o investigate the effect of controlled nutrient enrlchmen+ and |ight
reduction on epiphytic growth and productivity.

The results of the experiments In Chapter 3 show that both In-
creased nutrients and decreased |ight caused an increase In epiphytic
growth on Z, marina. This Increase In epiphytic growth also causes a
decrease in light avallable to the plant, which results In piant stress,
as Is evident by a decrease In the total number of leaves with nutrient
enrichment. Productivity of the epiphytic component increased sig-
niflcantly with nutrient enrichment, and accounted for as much as 90% of
the total productivity (plant and epiphyte) in the high nutrient/shaded
tanks. Although these experiments were conducted for a short perilod
(2weeks), the dramatic changes In eplphytic growth and productivity sug-
gest that nutrient enrichment and/or associated !ight reduction may be
In part responsible for the differences In the epiphytic communities of
Z. marina.

The conclusions of these studies are as follows: 1. The high rate
of production of thls seagrass community Is generated by at least four
autotrohpic components; the vascular plant, the phytoplankton, the ben-
thic microalgae and the epiphytic microalgae. 2. The microalgae
contribute significantly to total communlty production and fallure to
Include thelir productivity could lead to gross underestimates of
seagrass ecosystem production. 3. The relative confrlbu?fon to total
production by the plant and epiphyte components is due to a balance In
competition for avaliable nutrients and |ight. 4. Changes In the
nutrient and/or |ight regimes within a seagrass ecosystem causes a shift
In this production balance from vascular plant dominated to epiphyte

dominated, possibly at the expense of the macrophyte.
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