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SEASONAL DIFFERENCES IN THE DECOMPOSITION OF Typha
angustifolia LEAVES IN A MEDITERRANEANRIVER
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SUMMARY

This study evaluated seasonal differences (spring and summer) in the processing of Typha angustifolia leaves in a Mediterranean
river. The experiment extended over 120 days, corresponding to six sampling periods for each experiment. Leaves (5 g) were placed in
0.5 cm mesh-size bags. After recovering the sample, macroinvertebrates inside the leaf bags were retrieved and the leaves preserved by
freezing. The dry mass, nutrients (N and P), cellulose, hemicellulose and lignin contents were measured. The litter breakdown proceeded
at an exponential rate, higher in spring (k = 0.0098 d-!) than in summer (k = 0.0031 d''). This coincided with the highest current speed
and dissolved oxygen concentration. The decay patterns of lignin, cellulose and hemicellulose suggest the existence of two phases dunng
the aquatic decomposition, influenced by the previous terrestrial conditioning.

INTRODUCTION

In Mediterranean regions, leaf fall is not restncted to a small
period of the year as in temperate regions, due to more uniform
climatic conditions and to the dominant flora. Thus, dynamics
of coarse particulate organic material in Mediterranean rivers
are different from those in temperate rivers of higher latitudes,
where leaf decomposition is weli documented (GRACA, 1993).
In addition, the temporary characteristics of many of these
rivers allow macrophyte growth on the river bed when the
water flow is reduced or absent. Some of these macrophytes,
such as Typha angustifolia, remain in a standing dead phase on
the river bed during long periods, and are subjected to different
actions (wind, water flow) that initiate their decomposition
(BARLOCHER & BIDDISCONBE, 1996) and their export.

Typha angustifolia is one of the most abundant macrophytes
of the river Degebe, as weli as of other rivers from the
Southeast of Portugal. Large and dense mats of this macrophyte
usually extend for several metres into the river bed, and a large
amount of decomposing leaf fragments occurs all along the
river, even some distance from Typha beds.

The high densities of Typha angustifolia in Mediterranean
rivers strongly influence the dynamic of organic matter; howe-
ver, the decomposition process of this species is itself poorly
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documented (MASON & BRYANT, 1975; BARLOCHER &
BIDDISCONBE, 1996). The objective of this study was to
compare the aquatic decomposition of Tvpha angustifolia
under different ecological conditions during spring-summer and
summer-autumn.

MATERIALAND METHODS

Experiments were conducted in the headwaters of Degebe
river, a first order stream from Guadiana Basin, located on a
plain in Southeast Portugal. The experiments were conducted in
a permanent pool which was clearly influenced by the tempo-
rary characteristics of this stream. Water flowed during winter
and spring, while in summer and early autumn the pool was
stagnant.

Sections of Typha angustifolia leaves, 10 cm long, 30 cm
from the top, were cut from senescent plants, assembled in leaf
packs and placed inside 5 mm mesh plastic bags. The experi-
ments were conducted during two periods: spring to summer
(26 March to 28 August) and summer to early autumn (15 June
to 27 October). For each period 18 pairs of bags containing 5 g
of leaves were distnbuted randomly in an homogeneous zone.
Three pairs of bags were retrieved at predetermined intervals
(1,7, 14,28, 63 and 157 days during the first experiment; 1,7,
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14,43, 76 and 134 days during the second experiment), kept in
plastic containerc with stream water, and returned to the labora-
tory. On each sampling occasion, we measured dicsolved oxy-
gen (WTW Oxi 196), pH (WTW pH 196T) and conductivity
(WTW CF 196).A water sample was returned to the laboratory
to measure the nutrients (APHA. 1992).

At the laboratory, the macroinvertebrates were removed and
preserved in a 5% formalin solution to be identified. The leaf
sections were dried at 60 °C over three dayc for dry mass. and
ground to evaluate the percentage of cellulose, hemicelluloce
and lignin by the gravimetric method of GOERING & VANSO-
EST (1970). Nitrogen was determined by the Berthelot method
and phosphorus by the molibdate blue method using ascorbic
acid, after digection with sulphuric acid. Methods followed
APHA (1992). The mean dry mass of the fresh leaf cections
used during the experimente wac estimated from a sample of
twenty leaves.

The decay rate was estimated by an exponential model
(WIEDER & LANG, 1982; CHAUVET, 1987; NEWMAN &
PERRY, 1989):
mz=m et

where m, is the mass remaining at time ¢, m,, is the initial
mass and k is the decay coefficient.

RESULTS

The physico-chemical parameters of water are presented in
table 1. Dissolved oxygen content was clearly higher during the
first experiment, and temperature slightly higher in the second.
Conductivity tended to be higher in the second experiment. No
clear differencec appeared in phosphorus and nitrogen. There
was no water current during the second experiment.

The decay coefficients (table 2) were higher for the first
period, denoting a higher decomposition rate of Typha angusti-

folia leavec during the spring than during summer; however.
the decay pattern was quite similar for the first samples, and
differencec are clear only in the lact sample (fig. 1).

Three different patterns of decay were observed for the prin-
cipal compoundc of the leaves (fig. 2). Cellulose disappeared
slowly, in contrast to hemicellulose, that showed the highect
decay rate. Lignin increased in the early samplec for both
periodc. In spring it was impossible to evaluate the compounds
of the leaves in the last sample, due to the insufficient masc
remaining.

The nutrient content of leaves (fig. 3) tended to increase. For

100 ?3
: i

o 75 i Lo <
= 1 0. o
£ D -4 A
5 50 o L A2
§ 25 | d
13 A
> i
30l — e _ _

o] 5 Tifne (weeks)5 20 25

Figure 1. Mass loss of 7ypha angustifolia leaf litter during processing in
Degehe. Vertical bars represent + SE of three replicate leaf hags. (Al:
leaf hags retrieved in Spring-Sumrner; A2: leaf hags retrieved in
Summer-Autumn).

Table 2. Suminary of regression analyses on mass loss data (n = 18). (ni
=dry mass (%), m, = estimate of initial dry inass (%), k = decay coeffi-
cient, r = incuhation time, ASE = asymptotic standard error).

k + ASE , r
spring-summer (Al) 0.0098+ 0.0004 108  0.96

summer-autumn (A2) 0.0031 + 0.0001 92 0.91

Tahle 1. Characteristics of the Degehe at the study site in Spring-Summer (Al) and Summer-Autumn (A2) 1996.

Spring-Summer

Summer-Autumn

Parameter Mean Range Mean Range
Current veiocity (m s) 0.037 0.000-0.099 0.000 0.000-0.000
Temperature ("C) 16.7 14.0-19.8 18.4 19.2-22.8
pH 75 7.3-7.7 75 7.3-7.7
Conductivity (uS cm™) 511 318-959 725 582-959
N-NO3 (mg1™") 0.54 0.26-1.03 0.66 0.28-1.71
N-NH4 (mg ™) 0.16 0.05-0.28 0.09 0.06-0.17
Total dissolved phosphorus (mgl™) 0.09 0.04-0.18 0.16 0.05-0.49
Dicsolved oxygen (mg 1) 6.0 1.4-8.2 2.0 1.4-2.4
Dissolved oxygen (%) 62.2 14.0-86.0 23.7 14.0-30.0
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Figure 2. Changes in concentrationa (as percentage of leal dry masa)
and stocks (as percentage of initial amounts per leaf bag) of cellulose
(a,b), lignin (c, d) and hemicellutose (e, f) for Typha angustifolia leaves
during processing in Degebe. Vertical bars represent + SE of three repli-
cate leaf bags (Al: leaf bags retrieved in Spring-Summer; A2: leaf bags
retrieved 1n Summer-Autumn)
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Figure 3. Changes in concentrations of phosphorus and nitrogen as a
percentage of leaf dry mass for 7ypha angustifolia leaves during pro-
cessing in Degebe. Vertical bars represent + SE of three replicate leaf
bags (Al: leaf bags retrieved in Spring-Summer; A2: leaf bags retrieved
1n Summer-Autumn).
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both periods, the phosphorus declined, and then was followed
by an increace. This may be related to the leaching of a smail
amount of this compound.

Oligochaeta, Chironomidae and Simuliidae were the moct
abundant taxa in the spring experiment, while in summer the
macroinvertebrates were dominated by Baetidae and
Chironomidae. An increase of Gastropoda (Ancylus fluviatilis
and Physa acuta) wac also observed in cummer. The almost
total absence of shredders in the communities is evident, sug-
gesting a low influence of these macroinvertebrates on the leaf
decomposition.

DISCUSSION

In general, the k values suggest medium and low decomposi-
tion rates for Typha angustifolia (PETERSEN & CUMMINS,
1974), although decomposition rate may have been previously
over-estimated as a result of the cutting of the leaves used in the
experiment (BARLOCHER & BIDDISCONBE, 1996).

The decomposition of Typha angustifolia is faster in spring
than in summer, which probably is not related to the intensity of
the mechanical effect of the water flow (D'ANGELO & WEBS-
TER, 1992), as the current was slow even during the first
period. On the other hand, low valuec of dissolved oxygen in
summer may inhibit the development of the microbial commu-
nity (ANDERSON & SEDELL, 1979; WEBSTER & BEN-
FIELD, 1986; BUNN, 1988) despite the higher temperature
observed (e.g., BARLOCHER & SCHWEIZER, 1983; ROD-
GERS et al., 1983; SHORT er al., 1984). This fact is confirmed
by the lower nitrogen and phosphorus contents of the leaves
during the summer experiment, reflecting a lower microbial
activity (CHAUVET, 1988).

The early increase of lignin contents probably reflects the
formation of artefact lignin (SUBERKROPP er al., 1976). This
can result from the synthesis of enzymatic complexes involved
in decomposition, which may combine with plant phenols to
create artefact lignin (SUBERKROPP et a/., 1976; GESSNER,
1991).The formation of artefact lignin was observed after 24
hourc of processing, a result completely different from other
experiments with fresh materials such as alder leaves, where the
artefact lignin occurs only after two weeks of incubation
(GESSNER, 1991). Microbial activity increased very rapidly
after the leaves entered the water. A possible explanation could
be the existence of a microbial community before the experi-
ments as a result of the terrestrial conditioning of Typha leaves
(BARLOCHER & BIDDISCONBE, 1996), being stimulated by
the wet conditions when the leaf packs were immersed in the
water.
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Cellulose and hemicellulose declined more or less conti-
nuously in relation to their original mass. However, a certain
variation of the decay velocity was detected. Cellulose remai-
ned practically constant until the third sample (second week),
beginning a slow decay afterwards. Hemicellulose showed a
rapid decline in the first three samples, stabilising in the
medium samples and finishing with another accelerated loss
after five weeks in the river. This third phase, not usually obser-
ved, may indicate differences in the aquatic decomposition of
Typha angustifolia. The decay patterns of cellulose and lignin
are similar to those observed for fresh alder leaves (GESSNER,
1991), although slower. This suggests that the aquatic decom-
position of Typha angustifolia occurs in two phases. The first
takes place during the two first weeks, when Typha leaves, due
to their structure, remain on the water surface. Later, the leaves
become completely wet and sink down to the river bed.

Our results suggest that the decomposition dynamics of
Typha angustifolia include a terrestrial phase (BARLOCHER
& BIDDISCONBE, 1996) and two aquatic ones. The long resi-
dence time for dead plants in the river bed and the low decay
rates permit a slow export of organic matter to the aquatic envi-
ronment. This prevents high oxygen consumption in decompo-
sition. The reduced number of shredders observed during the
experiments, as well as in the Degebe throughout the year
(PINTO, 1988, 1993; MORAIS, 1995), indicate that Typha
angustifolia decomposition is mainly microbiological. The pre-
sence of macroinvertebrates may result from other factors not
directly involved in the decomposition (SCHADE & FISHER,
1997).
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