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Seasonal patterns of biomass variation of Ruppia
cirrhosa (Petagna) Grande and Potamogeton
pectinatus L. in a coastal lagoon
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SUMMARY: Coastal lagoons where salinity varies within a wide range during the year are colonized by eurvhaline
macrophvtes which can develop extensive beds. Seasonal changes in biomass of Ruppia cirrhosa and Potamogeton
pectinatus were studied in Tancada Lagoon (Ebro Delta. NE Spain) in order to reveal the environmental factors
controtling their population development. Ruppia cirrhosa occupy a larger arca of the lagoon thar Potamogeton pecii-
natus. Their maximum above ground biomasses arc also different (495 ¢ m™~ and 351 ¢ m™ ? ash free dry weight.
respectively). Below ground biomass of Ruppia cirrhosais between 9 and 53 “6 of the above ground biomass. while it is
3-40 % for Potamogeton pectinaius. Chlorophyll a contents show fluctuations similar to biomass. Low salinity and high
turbidity caused by freshwater inflows favour Potarnogeron expansion. while Ruppia development is favoured by high
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salinity and transparent water.
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INTRODUCTION

Submerged macrophytes are very important con-
tributors to the primary production in shatlow lakes
(WETZ1L. 1964). In coastal lagoons a small number
of angiosperm species can form extensive beds. Light
and temperature are key factors regulating their
photosynthetic efficiency (EVANS er al., 1986). How-
ever. coexistence or exclusion may be the result of
strategies adopted by the plants in response to many
related factors (VERHOEVEN et al., 1982).

Ruppia cirrhosa (Petagna) Grande and Pora-
mogeton pectinatus L. can be found together in
brackish tcmperate coastal waters in the range
5-12 %o Cl. The former dominates in the upper salini-
ty range and the latter in the lower one (VERHOEVEN
etal., 1982).

However, coastal lagoons are very dynamic eco-
systems where key factors controlling the growth of
both species can fluctuate over a very wide range.
Coastal lagoons in the Ebro River delta provide the
opportunity for a large scale “experiment’” as their
bydrology 1s artificially controtled by treshwater irr-
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gation 1nputs (COMIN. 1982). In one of the lagoons,
Tancada. bot species develop every year covering al-
most all the lagoon bottom. while salinity changes
from high vatues in winter to low values in summer,
in contrast to most Mediterranean coastal lagoons
where salinity varies in the opposite sense (NISBET et
al., 1958, COLOMBO. 1972).

Seasonal changes in biomass of both species were
studied in Tancada lagoon for a year in relation to
some environmental factors. in order to contribute to
the knowledge of their life strategies.

MATERIAL AND METHODS

Monthly samples were collected in Tancada la-
goon. Above and below-ground biomasses were de-
termined from five samples in each of the two basins
of the lagoon (Fig. I). Samples were collected with a
cylindrical sampler (16 cm and 35 cm of diameter for
Ruppia and Potamogeton respectively). The core
saken extended driven 25 cm into the sediment 1in
dense and monospecific stands of both species.
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Fici. 1. — Map showing the location of Tancada lagoon in the Ebro
Delta and the sampling stations.

Ruppia plants were sorted from the core after it was
taken out of the water. Potamogeion plants were
sorted by hand from the core. The sediment was
sicved through o [ mum mesh size net to collect the
roots. Shoots and leaves were washed with 0.03 %
HCI 1o remove CaCOx precipitates. Samples were
fixed with 4 % formalin and transported to the la-

& without vegetation
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Z Fotamogeton pectinatus
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I.“‘I;'["Ii' They were dried at 105 °C until constan
weight (about 24 hours). Aliquots were burned at
S300°C tor 3 h to measure ash content. All protocols
vere carried  out following recommendations by
VERHOEVEN (1980)

The plant cover ol the Tagoon hottom was ¢sli-

i nl I i 1y i w0 ¥ =mi [
VIsual absarvations rom o baal saifiny

1YRG.

mated from
following transccts covering the lagoon i May
iransccts were iU om a part. This distance allowed
visual obscrvation of the surrounding submersed
vegetation. Location of macrophyte beds was corro-
borated by means of acrial photographs made from
an helicopter.

Ruppia and Potuinogeton were collected in the
East basin monthly for pigment analvsis. Extraction
of pigments was done according to SEsTak (1971)
using 90 %o acctone for triplicate samples from cach
plant. Determinations were based on the MACKIN
NEY (1942} equations.

In sit surface measurements of temperature and
conductivity were done with a calibrated portable
conductometer. Sahinity was calculated from a re-
eression cquation. based on former simultancous
data on conductivity and salinity expressed in %o Cl
(COMIN. 1984).

RESULTS

A clear spatial heterogeneity was observed in the
distribution of Ruppia and Potamogeron in Tancada
lagoon during 1986 and 1987 (Fig. 2). Ruppia cirrho-
sa formed very dense almost monospecific stands in
the southern part of the lagoon. Mixed stands of both

N

TANCADA . Opkm
FiG. 20 — Spaval distnbution ot Ruppia cirrhosae and Potamogeron pecinany i Tancu goon. +. 3 % of the bottom covercd by th
plants.
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F1G. 3. -— Scasonal changes of biomass of Ruppia cirrhosa. Bars
idicate standard crror.

species were found in the central area of the lagoon
and monospecific stands of Poramogeton in the
Northern part of the West basin. There was no vege-
tation in the North part of the East basin.

For both species, significant differences were ob-
served between the scasonal biomass changes in the
two basins (Fig. 3). Ruppia cirrhosa above ground
biomass increased 1n the Western basin exponentially
starting in early spring up to 495,67 ¢ m~? ash free
dry weight (afdw) in September. In the Eastern basin
the biomass increase stopped in June and remained
constant until autumn. Meanwhile. tcmperature
varied. reaching a maximum of 29 °C in August (Fig.
5). while salinity decreased from 25 %o Clto 1 % Cl.
Salinity values were alwavs slightly lower in the
Western than in the Eastern basin (Fig. 5).

Potamogeton pectinatus bromass varied in a stmi-
lar way to Ruppia in both basins (Fig. 4). In the

asin. the maximum above ground biomass

m (15 C.

ached in November. 346.76 g afdw
- Cl. In the Eastern basin 1t increased from
g afdw m 7 in April 1986 up to 182.28 ¢ afdw
min August (27°C. 6.5 Y Cly. Atter reading these
values. biomass decreased in the Western basin and
persisted in the Bastern one for Ruppia for seyerul
months.

Below ground biomass is for both species 13-41
of total plant biomass. Ruppia below ground biomass
was slightly higher than Poramogeron in relation to
their respective above ground biomasses. The below/
above ground ratio was lower than 0.5 for both spe-
cies most of the ume except during the winter-carly
spring period (Fig. 6).

Ruppia and Potamogeton flowering took place
from June to August. Ruppia fruits werc formed in
the East basin in June and in the West basin in
August. Poramogeton fruits were observed m Oc-
tober and November.

Most chlorophyvll concentrations were between
(.5 and 1.5 mg Chlorophyll @ ¢~ fresh weight (Fig.
7). However the two species differed in the seasonal

Potamogeton pectinatus
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Fia. 5. — Seasonal variation of water temperature (top) and of

salinity (expressed as « chlonde concentration. below) in Tancada
lagoon.

pattern ot pigment concentration. Ruppia chloro-
phvll concentration incrcased during spring with
average maximum of 2 mg g ' fw in May. A sccond
peak was obscerved in Julv. Then it decreased to the
winter values. 0.5 mg ¢ 7' fw. Potamogeton increased
the amount of chlorophyll from winter. 0.1 mg g
fw. to September 1.6 mg ¢ ' fw. Two other peaks

were observed in A\prilhkmd June.  Chlorophvll
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Fia. 6. Below ground / Above ground biomiasses ratio.

a:chlorophyll b ratios were very similar for both spe-
cics. between 1.5 and 2.5, but in the early growth
stages in March when the ratio for Ruppia was excep-
tionally high (Fig. 8).

Ash percentage of total biomass was 10-27 % for
Potamogeron and 10-47 % tor Ruppia. Maximum ash
contents occurred 1n spring and minima in summer.
Fresh to dry weight ratio is 7.3 for Ruppia and 5.5 for
Potamogeton.
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Fiooo 7. — Seasonal changes of chlorop Wl e nd b leaves af R
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1986
Fioi 8 — Scusonal chunges of chlotophsll a s ¢hlorophyll i ratio in
Ruppia cirrliosa and Potamogeton pectinaius.
DISCUSSION

Ruppia cirrhosa and Poramogeton pectinatus are
able 1o coexist In temperate coastal lagoons because
they have overlapping ranges of tolerance to salinity
(VERHOEVEN. 1980). Thev both develop in exten-
sive beds in Tancada lagoon cvery vear. The max-
imum Ruppia biomass density observed was amongst
the highest reported. indicating that this lagoon pro-
vides very good conditions tor its growth. This is not
the case for Potamogeton whose maximum biomass
density 1s among the lowest reported (Table 1),

Several environmental factors may be responsible
for the differences observed between the seasonal
changes in biomass of Potamogetorn and Ruppia in
the Western and Eastern basins of Tancada lagoon.
Monospecific stands of Poramogeton develop only in
the decpest zone of the Western Tancada basin while
in the Eastern basin mixed stands of Poramogeton
and Ruppia develop. the latter being dominant. One
critical factor is the fact that freshwater from rice-
ficlds discharges overwhelmingly into the West basin.
Potamogeton pectinatus is well adapted to eutrophic
and low salinity waters. 1t develops perfectly in
coastal waters with annual mean salinity bclow
9 % Cl and annual maximum below 15 %, Cl
(VERHOEVEN. 1980: VAN WIIK. 1Y88).

Turbidity may be another important factor con-
trolling macrophvte growth. Poranogeron 1s less light
dependent than Ruppia. The former quickly grows
verticallv with a surface canopyv (VAN WK, 1988)
where terminal meristems often lie at the tips of the
erect stems (STEVENSON, 1988). while Ruppia devel-

ops first as dense meadows of lincar leaves
(VERHOEVEN. 1980) with basal meristems.
Potamogeton is also favored over Ruppla because

with the

high nutrient concentrations are associated

freshwater discharges which promote a higher cutro-
phiclevel in the Western than in the Eastern basin, as
has been shown by comparing phvtoplankton popula-
tions from both places (COMIN. 1982). So differences
between the seasonal biomass changes of Potamoge-
ton and Ruppia in the Western basin can be at-
tributed to the effcets of salinity and turbidity caused
by freshwater inputs. This 1s corroborated by the fact
that Ruppia biomass decreascs but that of Potamoge-
ton docs not in the Western basin after October.
when freshwater discharges are higher because of in-
tensive drainage of ricefields at the end of the culu-
vation period. Seasonal biomass changes showed

marked contrasts between the two locations in
Tancada lagoon. Both species have a longer

cxponential growth period in the Western basin. Bio-
mass increase stopped in the East basin in June for
Ruppia and in August for Poramogeion. It appears
that both specics folfow different patterns of biomass
change in cach of the two basins. The pattern in the
Western basin 1s similar to the seasonal changes in
Ruppia obscrved by VERHOEVEN (1980) in Texel
(Netherlands) and by HOWARD-WILLIAMS (1978) for

Table I. — Biomass data in the literature from other coastal water
masses.

Range of biomass

Species Site Reference

Density
R.cirrhosa  9-11 ¢ m~ " afdw  Askd. Baltic ANKAR &
Sweden LLMEGREFN
(1977)
R cirrhosa 413 gm = afdw  Asko. Baliic JeruiNG &
Sweden LiNpe
(1977)
R cirrhosa  49.7-157.1 ¢ m™* Carmargue VERHOFVEN
atdw France (1980)
R.cirrhosa 36.9-1an4 gm 7 Coustal ponds  VERHOLVEN
afdw Netherlands (1930)
R. cirrhosa  92.2-146.9 ¢ m ™7 Twiirminne VERHORVEN
afdw Finland (19&1)
R.cimhove  123-275am™7  Bahia del Fangar Prikz & Canp
afdw Ebro Delta (19R86)

Spain

R.circhosa S1-546.T ¢ m”™ [ancada lagoon  This study
aldw Ebro Delta
Spain
R. ¢i i 1O-111 e¢m — dw Mar Menor BAlLESTTR
Murcia (1983)
Spain
Ruppiasp. 375 gm™ - afdw  Blackwood CoNGDOM &
estuary McCome
(1979)
Australia
1770 ¢ m fdw Brackish lake HowaRrD-
S. Atrica WILLIAMS
(1978
375 g 1, Lake Nawmital Prwrawut ef ¢f
India [ 1US6H)
Nem ~ Tancada lagoon  This study
1" Ehro Delta
Spain
[ 1\ N, =1
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(Netherlands) and by HOwWARD-WILLIAMS (1978) for
Potamogeton in South Atrica, although with lower
biomasses in Ruppia than in Tancada. In the Eastern
basin both species have a shorter exponential growth
period before their maximum biomass. which persists
tor a fonger period than in the Western basin. The
loss of plant material after several months of
exponential growth duc to decav of the bases of the
vertical stems has been held responsible tor the latter
pattern (VERHOEVEN, 1979).

Chlorophyll concentrations change as plants
grow. The maximum chlorophvll content of Ruppia is
observed in the early growth stages. and decreases in
Autumn because of seasonal leaf senescence stimu-
lated by low salinity. The chlorophvll a:chlorophyll b
ratio increase in March for Ruppia can be related to a
normal initial growth stage, although SPENCER
(1986) also mentioned temperature decreasce as hav-
ing the same effect.

The secasonal patterns of biomass change of
Ruppia and Potamogeion show some differences be-
tween the two basins. [n both basins Ruppia biomass
increases faster than Potamogeton biomass. It is quite
evident that at the relatively high salinities of the
early growing season. March-May Ruppia growth is
favoured over Potamogeron. Both species maintain a
high biomass throughout the growing period in dif-
ferent basins: Ruppia in the Eastern basin, favoured
by relatively high salinities, and Potamogeton in the
Western basin. estimulated by freshwater inputs. But
in the Western basin. Ruppia biomass dccreases
quickly after October. when salinity is lowest. In the
Eastern basin, Potamogeton biomass reached the
maximum in December. just after the lowest salinity
value. and then quickly decreased. Of course. plant
decomposition is also important in autumn and
winter.
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