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RESUMO

O carbono e nitrogénio organico dissolvido e particulado (COD e COP; NOD e NOP,
respectivamente) foram analisados em amostras d’agua durante um ano no sistema rio Imbé - lagoa de
Cima (Estado do Rio de Janeiro, Brasil). A dindmica da matéria organica foi avaliada utilizando-se
andlise fatorial. As concentracbes de COD e NOD variaram de 158 a 803 uM e de 3,3 a 109 uM,
enguanto, o COP e o NOP apresentaram suas concentracdes variando de 3,44 a30,3% e de 0,32 a4,65%,
respectivamente. Os maiores valores de COP, NOP, pH e oxigénio dissolvido (OD) assim como as
menores razdes (C:N)a (Média= 8,2) foram encontradas no sistema lacustre. Comparativamente, nos
tributarios, as razdes COD:COP, NOD:NOP e (C:N)a na frac8o particulada foram significativamente
maiores do que as encontradas no ambi ente lacustre, indicando umaimportante participacdo quantitativa
de matériaorganicadissolvidaem rel agdo aparticul ada e umarel evante participacéo de material vascular
no material particulado em suspensdo. Nossos resultados sugerem gue a por¢éo de matéria organica
particuladalébil, possui uma contribui¢do mais pronunciada nalagoa. Isto pode refletir umaimportante
contribuicdo de fontes de matéria orgéanica autéctones ndo vasculares (ex. fitoplancton) na lagoa de
Cima. Nostributarios, no periodo Umido, a matéria organicadissolvidafoi caracterizada por umarazéo
(C:N), igual a 28, tipica de substancias himicas, sugerindo uma importante contribuicéo de material
refratario, de origemterrestre, no pool orgéni co associado afracéo dissolvida, indicando umaimportante
contribuicdo de material de origem terrestre para o sistemaflavio-lacustre. Estas relagesindicam uma
rel evante participacéo dafracéo dissolvida e detritos de plantas vascul ares nos material particulado para
estes pontos. No periodo imido o COD, NOD, total de sblidos em suspensdo (TSS), temperatura (T),
profundidade e condutividade elétrica (Cond) apresentaram valores mais elevados, enquanto a
transparéncia (Tr) e o oxigénio dissolvido (OD) foram menores. Nossos resultados mostraram que dois
principaisfatores explicam adindmicada matéria organicano sistema: o tipo deambiente (tributariosou
lago) e a sazonalidade (periodo seco ou Umido).

PALAVRAS CHAVES: Lagoa, Matéria Organica, Tributérios, Sisterma Sub-Tropical.
ABSTRACT

Dissolved and particul ate organic carbon and nitrogen (DOC, POC; DON, PON, respectively),
were analyzed over an equivalent one-year period in the fluvial-Cima L ake system (Rio de Janeiro State,
Brazil). Inthe system, the dynamic of the organic matter was evaluated on the light of factorial analysis.
Overall, DOC and DON concentrations ranged from 158 to 803 uM and from 3.3to 109 uM respectively.
POC and PON concentrations also presented great homogeneities in the system, ranging, respectively,
from 3.44 to 30.3% and from 0.32 to 4.65%. The highest values of POC, PON, pH and dissolved oxygen
(DO) aswell asthe lowest particulate (C:N), ratios (Avg. = 8.2) werefound in the lacustrine system. The
latter findings suggested that the proportion of labile particulate organic matter was, comparatively to
the other sites, more pronounced in thelake. Thislikely reflects an important non-vascul ar autochthonous
source of organic matter (e.g., phytoplankton) in Cima Lake. On the other side, in the streams organic
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matter was characterized by higher DOC:POC, DON:PON and particulate (C:N), ratios. It indicated
both a major participation of dissolved fraction and vascular plants in the bulk of the organic matter in
those sampling sites. DOC, DON, total suspended solids (TSS), temperature (T), depth and electrical
conductivity (Cond) presented higher val ues during the wet season whiletransparency (Tr) and dissolved
oxygen (DO) presented the lower ones. Dissolved organic (C:N)aratios (Avg. = 28) were characteristic
of humic substances, specialy in the streamsduring the wet season, and, thus, may indicate an important
terrestrial contribution of refractory dissolved organic matter to thefluvial-lacustrine system. Our results
showed that two major factors affect the organic matter dynamics in the system: the environment type
(stream or lake) and the seasonality of the rainfall along the year (wet and dry periods).

KEY WORDS: Lake, Organic Matter, Streams, Sub-Tropical System.

INTRODUCTION In this case, elemental compositionisa
useful tool for eval uating source signatures and
Organic matter is an important source alteration stages of organic materials. This
of matter and energy, contributing to the method is suitablefor source analyses sincethere
maintenance and development of ecosystems are distinct abundance patterns of biogenic
(Buffle, 1988; Wetzel, 1993). Since carbon and elements in different living organism classes
nitrogen are the major constituents of the (Hedges, 1990). The relationship between the
organisms, the organic form of these elements different constituents involved in the organic
can be considered a proxy of organic matter in meatter eemental composition, such asthe (C:N)a
the ecosystems (e.g. Curtis & Adams, 1995; ratio, can qualitatively indicate the sources
Heikkinen, 1994; Cadée, 1982). involved. Although organic matter elemental
composition can be modified by microbial
Dissolved organic carbon and nitrogen activity during early diagenesis, the magnitude
(DOC and DON) are composed of complex of these changes is not large enough to
mixtures of labile and recalcitrant materials, completely erasethe difference between vascular
exhibiting a continuum of sizes and chemical and non-vascular plant debris (Meyers &
characteristics (Hope et al., 1994; Schiff et al., Ishiwatari, 1993).
1990). DOC and DON plays an important role
at ecological level sinceit can influence surface- According to Wetzel (1993), the main
water pH by buffering pH changes in acidified source of dissolved and particulate organic
waters or by adding acidity to the system. matter in lakesisautochthonous production from
Further, DOC (especially the humic fraction) can the littoral zone (macrophytes and attached
also affect nutrient dynamics and the toxicity of microflora) and pelagic autotrophs (primarily the
pollutants (Kullberg et al., 1993). Yet, DOC phytoplankton), and allochthonous inputs of
depletion has also been related to increases in terrestrial origin. However, the relative
the depth of UV-B penetrationin aquatic systems importance of these sources largely dependson
(Yanetal., 1996). the characteristics of the lake and its drainage

basin and is al so time-dependent.
Particulate organic matter (POM) is a

combination of living organisms (phyto, zoo and The present study aimed to provide a
bacterioplankton) and non-living organisms in spatial and seasonal example of dissolved and
different states of decomposition. Besidesbeing particulate C and N inafluvial-lacustrine system.
a food resource to aquatic life, POM can be

associated withinorganic matrices(e.g. minerals) Material and M ethods

and ions (e.g. trace metals; Stumm & Morgan,
1981). During the process of sinking toward
bottom sediments POM can undergo a series of
alterations (early diagenesis), towhichtypically
affectsthe quality of the organic matter recently The fluvial Cima Lake - a shallow 14
buried in the sediments. km2 system - is situated in northeastern Rio de

Sudy Site
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Janeiro State (41° 41" - 42° W; 21° 45" - 22° S).
The lake hydrology is mostly regulated by the
well-defined inflow of Imbé (principal
component) and Urubu stream waters, and by
the outflow of lake waters by the Ururai channel
(Fig. 1). Imbé stream flowsthrough arelatively
undisturbed and fertilearea. Urubu streamdrains
mainly floodplain areasand initslower reach it
characterized by a sluggish water body.

Fluvial processes from the Quaternary
period at the Holocene epoch formed the lake.
Imbé watershed is formed on a mix of both
Quaternary plainsand gneissic-granitic Tertiary
shields, with circaof 70% of itstotal area100 m
above sea level. These shields and plains were
formerly dominated by Atlantic forest. About
85% (600 km?) of the total watershed of the
fluvial-lacustrine system is related to Imbé
stream. In the last decades these areas have been
deforested and replaced by pasture and sugar

Figure 1 - Study area and sampling sites.
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canecrops. Asaresult, in the present, there are
only patches of the original vegetation.
Nowadays the area has been target of a novel
profound environmental changes since a series
of projects of revitalization and urbanism have
been proposed and even initiated by the
municipal government, which wishestoimprove
tourism activities in the local. We hypothesize
that land transformation is gradually modifying
the organic matter dynamics in the system and
the first signals can be seen in particulate and
dissolved phases.

Sampling and chemical analyses

Water samples were collected monthly
from October 1995 to September 1996. A total
of six siteswere considered for the present study
(Fig. 1). All sampleswere obtained with aTeflon
van Dorn bottle, but thosefor DOC analyseswere
collected with an ambar glass bottle. After
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collection, the sampleswere kept refrigerated and
in darkness until transported to the laboratory.

Physico-chemical variables such as
dissolved oxygen (DO), temperature (T),
conductivity (Cond) and pH were measured in
situ by portable devices (DO/T - Horiba;
Conductibity and pH - WTW/Digimed). Water
transparency (Tr) wasdetermined using a Secchi
Disk.

Total suspended solids (TSS) were
determined gravimetrically in samples filtered
through GF/F membranes at low pressures (<
0.25atm). For DOC every filtrate wastransferred
to amber bottles containing 10 % H,PO, (final
proportion of 50mL “H,PO,” : mL™* “Water
Sample”) and stored in a refrigerator until the
moment of analysis. Immediately before the
DOC analysis sampleswere acidified (2N HCI)
and sparged with ultrapureair, followed by high
temperature catalytic oxidation (HTCO) in a
TOC-5000 Analyzer (Shimadzu). The material
for particulate organic carbon (POC) and
nitrogen (PN) analyses was concentrated by
centrifugation at 18,780 g for 90 minutes.
Comparatively, this processwasin average 87%
of that obtained by GF/F filtration. Particul ate
nitrogen and organic carbon were measuredin a
CHNS/O Analyzer (Perkin Elmer). No
acidification was carried out in the samplessince
carbonatesare negligiblein the system. Here PN
was assumed to be equivalent to particulate
organic nitrogen (PON) as the plotting of PN
against POC showed a confident linear
regression with the intercept close to the zero
point. Analytical standard deviations (triplicate)
were+x 8% for TSS, + 2% for DOC, + 2% for
POC and * 7 % for PON.

Dissolved nitrogen (DN) and the nutrient
ammonium (NH,*) were determined as described
by Grasshoff et al., (1983). Nitrate (NO,) was
measured by colorimeter asnitrite (NO,) by flow
injection analyses (FIA system, Asia-Ismatec)
(Carmouze, 1994). DON concentrations were
calculated by subtraction of the sum of inorganic
forms (NO, + NO, and NH,") from the DN.
Analytical standard deviations (from duplicate
or triplicate) were £ 2 % for DN, + 10 % for
(NO, +NO,) and + 7 % for NH,".
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Data on precipitation in the Campos
region were obtained from the climatologic
station located in the “ Universidade Federal
Rural do Rio de Janeiro”.

Principal component analyseswere used
to identify the main processes controlling the
annual dynamic pathways. This technique has
been proven as a useful toll introducing the
distribution through their factors along the time
and space.

RESULTS
Precipitation regime

The mean monthly precipitation from
1976 to 1996, ranged from 30 mm in June to
146 mm in December (Fig. 2). Typicaly, the
wet season (Avg. = 108 mm) beginsin September
with the maximal rainfall values occurring in
November and December. On the other side, the
dry season typically occursfrom May to August
(Avg. = 35mm).

During the sampling period,
precipitation varied from 7 mm in July to 173
mm in September (Fig. 2) and the wet season
lasted from October to December (Avg. = 144
mm) with September raining more than usual
(Fig. 2). We aso abserved dry (Avg. = 30 mm;
May, June and August) and very dry (Avg. = 10
mm; January, February and July) conditions
during the studied period (Fig. 2).

M A M J J A S
Months

O N D J F

Figure 2 - Precipitation regime in a 20 years-temporal series
(monthly mean) and in the sampling period.
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Physico-Chemical Variables

Spatial and temporal changes of
physico-chemical variablesare shownin Tab. 1.
Mean depths varied from 1.2 (site A, Imbé
stream) to 3.2 m (site D, center of the lake) in
the system. Spatial and temporal changes in
Secchi depths occurred within anarrow intervals,
the main exceptionswere observed in the streams
(A and B). Water temperature was quite similar
for al sites, being slightly lower at Imbé stream.
Dissolved oxygen showed a clear spatial
gradient, with lower valuesin the streams (A and
B) and increasing values toward the lake’s center
(D) and Ururai channel (F). In the system DO
ranged from 4.1 to 8.7 mg.L™, respectively, in
the Urubu stream (B) and Ururai channel (F).
Seasonal variations were more pronounced in
and near the streams (sitesA, B and C). The pH
values showed similar spatial gradients as
described for DO, varying from acid (inlet
region) to basic (center of thelaketoward outlet).
Therefore, pH values extended from 6.0 to 8.2,
respectively, at Imbé stream (A) and Ururai
channd (F) (Tab. 1). For conductivity, the highest
mean valuewasfound inthe Urubu stream (51.5
pS cm?); all the other siteswere close to 30 puS
cmrt,

Table 1 - Spatial changes of physico-chemical variables
(Average * Standard Deviation) in Cima Lake water. Temporal

variations for the sampling period are given by the standard
deviation.

Sampling| Depth Tr T DO Cond
Sites (m) (m) (°c) (mg.L") pH (uS.cm-)
A 1207 | 07+02|234+33|65+12|60+x05(288=+4.1
B 19+05| 07+03 |247+34| 4118|6204 (51511
Cc 19206 | 07+£0.1|248+39|66+13|66+04 (29334
D 32+05| 07+0.1|257+36(83+£11|75+0.7|29.6+3.0
E 25+07| 06+0.1(255+34|83+0.7|7.7+08(30.7+46
F 20+06| 0601|257 +33(87+07(82+£07[316%56
Abbreviations: Tr = Transparency; T = Temperature and DO = Dissolved Oxygen

Dissolved Organic Carbon

DOC concentrationsranged from 158 to
803 pM (Fig. 3a). The highest DOC
concentrations were observed from November
toApril although adecrease occurred in January
and February. From May to August the lowest
DOC levels were found and a discrimination
between two groups occurred; lower DOC
concentrations were found at stationsA, B and
C compared to stations D, E and F. This spatial
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difference was aso evident in September, but
the DOC concentration trend was inverted.

DON concentrations varied from 3.3 to
109 pM (Fig. 3b). The main spatial and seasonal
variationsin DON concentrationswere observed
from January to April when sites B, C and E had
the highest values. Most of the sites had the
lowest DON concentrationsin June and July.

O N D J F M A M J J A S
Months
-o-A-e—B--c-E»-D-g-E-.-FI

O N D J FM A M J J A S
Months
‘-.—A-G-B--C-ED-D-E-E-A—Fl

Figure 3 - Spatial and temporal variations of dissolved
organic matter in Cima Lake: (a) dissolved organic carbon
(b) dissolved organic nitrogen. Circles to streams, squares
to lake and triangle to outlet.

Particulate Organic Carbon

TSS concentrations ranged from 2.3 to
50mg.L* (Fig. 43). The highest TSSvaueswere
found in December and March, except for sites
A, B and E (streaminflows and outflow), which
aso had high values in August, September and
October, respectively (Fig. 4a). Thelowest TSS
concentrations occurred from April to August.

POC and PON concentrations varied,
respectively, from 3.44 to 30.3% and from 0.32
to 4.65% (Fig. 4b and Fig. 4c). The sites were
clustered into two groups. SitesA to C (streams
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and stream-influenced site) had low POC and
PON concentrations relative to sites D to F.
Pedrosaet al. (1999) found asimilar trend inthe
fluvial Cima Lake system, being the POC and
PON, at sites D to F, associated to the
phytoplankton. Imbé stream (A) had higher POC
concentrations in November and January,
whereas PON concentrations were fairly
constant. In July POC and PON concentrations
at site A were also high. Urubu stream (B) had
high POC values in November, January and
February and high PON concentrations in
October, November, January, February and May.
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Figure 4 - Spatial and temporal variations of particulate
organic matter in Cima Lake: (a) total suspended solids (b)
particulate organic carbon (c) particulate organic nitrogen.
Circles to streams, squares to lake and triangle to outlet.
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In general, at sites D to F, POC and PON
concentrationswere high in November, February
and August. Correlation of particulate organic
carbon to particulate nitrogen (Fig. 5) showed
that nearly all the nitrogenwasin an organicform
astheintercept upon extrapolation of the linear
regression was close to zero (Hedges et al.,
1986).
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y=5.757x + 3.295
30T  r=0972n=72 D

OC (Wit%)

TN (wt%)

Figure 5 - Weight percent of organic carbon (OC) vs. total
nitrogen (TN) for particulate matter from all sampled sites,
from October, 1995 to September, 1996.

Elemental Composition {(C:N), Ratios} and
Dissolved vs. Particulate Organic Carbon

Elemental composition (C:N),
DOC:POC and DON:PON ratios are shown in
Tab. 2. Mean (C:N), ratiosin dissolved fraction
ranged from 22 to 31 and had a marked seasonal
variation. Thelowest ratioswere observed at sites
C and E. Particulate (C:N), ratios varied from
8.1 to 14.4. Sites A to C presented the highest
values and the most pronounced seasonal
variation. Sites D to F showed similar ratios,
which did not have a large seasona change.
Dissolved (C:N), ratioswere consistently higher
than those found for the particulate fraction.

Table 2 - Spatial changes of (C:N)a, DOC:POC and
DON:PON ratios (Average = Standard Deviation) in Cima
lake water. Temporal variations for the sampling period are
given by the standard deviation.

*Sies | pissolved | pariculate | POCPOC | DON:PON
A |309+173| 144+36 | 62+38|38+36
B [309%130| 11.9+22 |56+14|28+23
C |232:+108| 96+17 |52+23|26+16
D [306+107| 81+06 |32+20|09+07
E  |220£127| 83%07 |24%16| 1414
F|302+117| 82+08 |29%19|09+07
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Mean DOC:POC and DON:PON ratios
ranged, respectively, from 2.4 to 6.2 and from
0.9 to 3.8. For both DOC:POC and DON:PON
ratios, sites A to C had the highest values
compared to sites D to F. Seasonal variationsin
DOC:POC and DON:PON ratioswere quite high
for al sites although no definite pattern was
observed.

DISCUSSION

We compare our findings from the
fluvial Cima Lake system to other aquatic
systemsincluding non-tropical and larger fluvial
and lacustrine systems. In fact, shallow tropical
and sub-tropical lakesand also small streamsare
few studied for the parameters analyzed here.
Dd Giorgio & Peters(1994), working in northern
temperate lakes (Quebec), found mean summer
DOC concentrations ranging from 225 to 625
MM. Curtis & Adams (1995) observed DON
values ranging from 71 to 250 uM for some
freshwater temperate | akes. For riverine systems,
Ertel et al. (1986) reported summer DOC
concentrations varying from 298 to 900 uM in
the Amazon River and its tributaries. In atime
seriesstudy of two small streams (channel width
£ 1 m) from contrasting catchments of the central
Amazonbasin, McClainet al. (1997) found DOC
and DON averages, respectively, of 3,170 uM
and 53 uM for Campinaand of 371 uM and 13
MM for Barro Branco stations. Except for the
DOC concentrationsmeasured by McClain et al.
(1997) for Campina station, DOC and DON
concentrations found in the Cima Lake system
were similar to those reported in the literature.

Mean annual POC and PON values
found for Imbé (POC =79 mM; PON =5.8mM)
and Urubu (POC = 94 mM; PON = 8.0 mM)
streams were more similar to fine (OC, Avg. =
151 mM; TN, Avg. = 14 mM) than to coarse
(OC, Avg. = 26 mM; TN, Avg. = 1.2 mM)
sedimentary or suspended particulate organic
meatter reported by Hedges et al. (1994) for the
Amazon River. Hecky et al. (1993) reported
extremely high valuesfor some shallow tropical
lakes (Kyoga Lake POC = 608 uM and PN =58
MM; George Lake POC = 4,160 pM and PN =
210 pM). However, mean POC and PN values
found by these authors for deep tropical lakes
were56 UM and 5 uM, respectively. For the Cima
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Lake itself and for site F, which is clearly
influenced by the lake water, mean annual
concentrations of POC (176 uM) and PON (21
pM) fell between those values found for other
shallow and some deep tropical |akes.

Monthly precipitation was positively
correlated with depth (r, = 0.451; p<0.01) and
TSS (r, = 0.253; p<0.05). These correlations
suggest that during the wet periods there was a
clear input of allochthonous material to the
aquatic system. This process, input of
allochthonous material, seemed to be more
important for the streams than to the lake.

DOC was positively correlated with
precipitation (r, = 0.569; p<0.01), depth (r, =
0.598; p<0.01), conductivity (r.=0.290; p<0.05),
and TSS (r, = 0.235; p<0.05) and negatively
correlated with DO (r, = -0.489; p<0.01). It
suggests a preferential leaching of soil organic
matter during high precipitation events. Thefact
that DOC was also positively correlated to
temperature (r, = 0.489; p<0.01) and DON (r_ =
0.245; p<0.05) might indicate, at least for the
lake sites, a DOC leaching from phytoplankton
and some macrophytes. Heikkinen (1994) found
some important autochthonous DOC sourcesin
aFinnish humicriver inthe summer, when DOC
was supposed to be partly composed by algae
exudates.

DON was correlated to temperature (r,
= 0.499; p<0.01). We hypothesize that
autochthonous production, especially during the
summer (December to February), isan important
DON sourcetothe system. Maximal DON values
have been reported for somelakesin the summer
(e.g. Lawrence Lake, Wetzel, 1993). It has been
reported in literature that algae may secrete
several simple and complex organic nitrogen
compounds. These compounds, such as
polypeptides, have a so been found to be secreted
by large aguatic plants and in cases where the
littoral zone is broadly developed; these
secretions can be the major source of organic
nitrogen to thelake (Wetzel, 1993 and references
therein). Aquatic macrophytesarepresent at site
B and close to site C, which might contribute
with DON to the system. Sites C and E are also
located near a sugar cane crop, and the
agricultural use (fertilizer) of by-products
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derived from sugar cane industrialization may
act as an anthropogenic DON source.

Dissolved (C:N)a ratios in the fluvial
CimaLake system fell within the range of 28 to
52 described by Hedges et al. (1994) and that of
25 to 73 reported by McClain et al. (1997) for
theultrafiltered dissolved organic matter inrivers
of the Amazon region. Curtis & Adams (1995)
observed that (C:N)aratios of dissolved organic
matter in some Canadian lakes ranged from 30
t0 80. Thesevauesare characteristic of dissolved
humic substances (e.g. Ertel et al., 1986) and,
predominantly to the streams, suggest a
significant contribution of these materials from
soil leachates during thewet season and also from
macrophyte debris. However, especially to the
lake sites, where sedimentary organic matter
contents are higher the participation of
extensively degraded DOC fractions from
sediments can not be disregarded (Calasans,
1996).

POC and PON were positively
correlated with temperature (respectively, r_ =
0.379 and r_= 0.350; p<0.01), pH (respectively,
r,=0.754 andrs=0.770; p<0.01), and dissolved
oxygen (respectively, r_ = 0.430 and r_= 0.502;
p<0.01), likely reflecting a contribution of
autochthonous primary production to particul ate
organic matter inthe system. Spatial trends and
the negative correlation of both POC and PON
to particulate (C:N)a ratios (respectively, r_ = -
0.537 and r_ = -0.682; p<0.01) reinforce our
assumptions. For the lake sites (D and E) and
site F, particulate (C:N)a ratios were within the
rangeof 7.7to 10.1 described by Holligan et al.
(1984) asanindicator of phytoplanktonic source.
Hecky et al. (1993) reported (C:N)a values for
tropical lakes as ranging from 9.6 to 19.8.
However, it is also important to emphasize the
potential influence of N-limitation on the
metabolism of phytoplankton which can result
in higher (C:N)aratios (Pedrosa et al., 1999).

Particulate (C:N)a ratios were also
positively correlated with DOC:POC (r = 0.399;
p<0.01). Particulate (C:N)aratios for Imbé and
Urubu streams were similar to the mean found
for some soils of the region [(C:N)a = 13,
unpublished data] reflecting a potential
allochthonous contribution for the particul ate
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organic matter, especially during storm events.
Ingeneral, particulate (C:N)aratiosfoundin the
Cima L ake system resembl ed the mean valuefor
fine suspended or sedimentary particulate
organic matter [(C:N)a = 11] rather than those
for coarse particulate material [(C:N)a = 21]
reported by Hedgeset al. (1994) for the Amazon
River. These findings suggest a major
contribution of N-rich fine materials for the
particul ate matter of Imbé and Urubu streams.

It has been widely reported in the
literature that the major fraction of organic
carbon in most natural waters is in a dissolved
rather than in a particulate form (e.g. Wetzdl,
1993, Hopeet al., 1994). DOC:POC ratios vary
between 6 and 10; this range is typically for
lacustrine and stream environments (Wetzel &
Rich, 1973 apud Wetzel, 1993). DOC:POC ratios
found for Imbé and Urubu streams usually fell
within this range. During the dry periods these
ratios decrease. This pattern was especially
noteworthy for Imbé stream and it was attributed
to bottom resuspension of sediments during the
dry season. Since phytoplanktonic production
seemsto bemarkedly higher inthelakesitesand
Ururai channdl, POC becomesthe dominant form
of carbon as reflected by decreased DOC:POC
ratios at these sites.

Similarly to carbon, DON:PON ratios
rangesfrom5to 10inlakesand streams (Wetzel,
1993 and referencestherein). DON:PON ratios,
especialy at sites D, E and F, were lower than
these reported ranges, possibly reflecting rapid
mineralization of DON and reassimilation by
phytoplankton.

Principal components analysis (Fig. 6)
indicates that two factors can explain 48 % of
the observed variation. The first factor (1),
responsible for 29 % of the variation, was
assumed to be the type of the aquatic
environment (stream or lake) because a clear
differentiation was observed between theresults
fromthe streamsand thelake. Thus, high positive
values associated with factor | indicate lake
sources while more negative values indicate
fluvial origin. Sites C and F were grouped with
either the streams or the lake since they were
unambiguously influenced by them. POC, PON,
pH and DO were strongly influenced by the
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environment, showing the highest values at the
lake (Fig. 6). pH presented a strong relation to
POC and PON reinforcing the influence of
phytoplanktonic production at the lake. Slow
flushing |ake waters quitefavor the devel opment
of the phytoplankton community in thelacustrine
system. On the other hand, stream sourceswere
strongly associated with higher conductivity,
DOC:POC, DON:PON and particulate (C:N)a
ratios, indicating a predominance of
allochthonous organic matter inputs. Pedrosa et
al. (1999) observed that chlorophyll a and
carotenoids concentrationsincrease from streams
(sitesA and B) to site C towards Ururai channel
(site F). Moreover, microscopic observations
showed that detritus dominated suspended
particul ate matter in the streamswhereasin Cima
Lake and Ururai channel the particulate matter
was virtually comprised by phytoplankters.

The second factor (I1) accounted for 19
% of the variation and was attributed to rainfall.
Positive and negative values to factor Il are
related, respectively, to wet and dry periods.
DOC, DON, TSS, T, depth and Cond showed
high values during the wet season with an
opposite trend to Tr and DO.

=
P D
r T

N

- - = DON o P

-+ XE

==, a =T PQHa PON
x

v T. .7 ¥00

Z
-

-1.50 t t t
-1.25 -1.00 -0.75 -0.50

-0.25 0.00 0.25 0.50 0.75 1.00 1.25
Fator | (29.2 %)

v O oN + D xJaaF @M X Apvy yoOJn a4 Jue Aum S

Figure 6 - Principal component analysis showing the main
factors associated to the observed variations.

Organic matter composition and
dynamics, especially in the streams, was the
result of two processes; (1) leaching of highly
degraded dissolved fractions (N-poor) from soil
organic matter and (2) selective sorption of
hydrophaobic N-rich molecules onto soil minerals.
This is consistent with the regional
chromatography model described by Hedges et
al. (1994) for the Amazon region. The
coexistence of N-poor dissolved organic matter
and N-rich fine particulate material at CimaL ake
have supported the evidence to this model.
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However, we lack qualitative information (e.g.
amino acid analyses) to evaluate thishypothesis
in necessary and recently several works have
been doneto confirm the model existence (Silva
& Rezende, 2002; Correia, 2001). In Cimalake
phytoplankton primary productivity is the
dominant source of organic matter and thus POC
must be strongly influenced by the ecological
dynamic of these organisms (Pedrosa, et al.
1999). During the wet season, however,
alochthonousinputs might also be an important
source of organic matter to the lacustrine system
(Calasans, 1998).

In summary, dissolved and particulate
organic matter dynamics change spatially and
seasonally. The relative importance of
allochthonous and autochthonous sources
changed between the streams and lake. The wet
season was evidently the controlling factor of
alochthonous inputs of extensively re-worked
soil organic matter, especially to thefluvial sites.
Autochthonous sources were related to
phytoplankton production and this, in turn,
reflected the environment’s type (lacustrine
sites). However, site peculiarities such as
macrophyte col oni zation may act asan additional
autochthonous source of dissolved and
particulate organic matter during characteristic
Seasons.
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