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Abstract. Dynamics of dissolved organic carbon concentration (DOC) and capacity to absorb light
(color) are determined by in-lake and external properties and processes. In this study, the influence of
external factors such as rainfall and solar radiation on DOC and color dynamics was assessed for a
small forested lake. DOC and absorption coefficients at 440 nm (a440) ranged 4-fold from 0.46 to 1.62
mM and from 3.4 to 14.8 m−1, respectively. DOC and a440 varied synchronously, but an important per-
centage of the variability (26%) in a440 was not explained by DOC. The resulting twofold variation in
the molar absorption coefficient of DOC suggested significant seasonal changes in chromophoric con-
tent. Both DOC and a440 were positive and significantly related to cumulative rainfall. Solar radiation,
however, only appeared to influence a440 dynamics. This influence was mediated by photobleaching.
Photobleaching coefficients (kb) were higher in fall and spring relative to the summer. This seasonal
variability in kb values was related to monthly rainfall. The influence of photobleaching on a440 dynam-
ics was evaluated by comparing the half life of a440 in the water column with water residence time
(WRT). For the study lake, photobleaching contributed notably to a440 dynamics during the dry periods
when WRT was longer than the a440 half life. DOC dynamics, however, were not related to solar radia-
tion because photomineralization was considerably slower than photobleaching.

Introduction

Dissolved organic carbon (DOC) is a heterogeneous pool of compounds with dif-
ferent origin (allochthonous vs. autochthonous), diagenetic condition (fresh vs.
aged), chemical composition (monosaccharides, amino acids, fulvic and humic ac-
ids), and molecular size. Autochthonous DOC, derived from algae and macrophytes,
is mostly composed of aliphatic molecules with low capacity to absorb light (Tip-
ping et al. 1988; McKnight et al. 1994, 1997; Sun et al. 1997). In contrast, alloch-
thonous DOC, derived from terrestrial sources, is enriched in aromatic compounds
(mostly humic acids) with high capacity to absorb light (Meili 1992; McKnight et
al. 1994, 1997; Sun et al. 1997). This capacity of DOC to absorb light has been
commonly termed color (Cuthbert and del Giorgio 1992). Highly colored DOC is
apparently more biorefractory (Tranvik 1990; Moran and Hodson 1990; Bano et al.
1997; Sun et al. 1997), and more efficient in PAR attenuation (Morris et al. 1995)

Biogeochemistry 61: 21–36, 2002.
© 2002 Kluwer Academic Publishers. Printed in the Netherlands.



and phosphorus chelation (Jones 1992). Therefore, the relative contribution of hu-
mic compounds to the DOC pool is critical to determining color with consequent
impacts on processes of aquatic ecosystems.

DOC and color dynamics are determined by the balance between loading, in-
lake loss and production, and dilution or concentration from exchange of water di-
rectly with the atmosphere (precipitation and evaporation) (Curtis 1998). The load-
ing of humic compounds is dominated by terrestrial inputs from catchments (at least
in humid regions) (Engstrom 1987; Rasmussen et al. 1989). In-lake DOC produc-
tion is mostly derived from algae and macrophyte photosynthesis (Wetzel 1992)
and losses are determined by sedimentation, and microbial or photolytic mineral-
ization. Photomineralization is the conversion of DOC to CO2 or CO mediated by
sunlight (Valentine and Zepp 1993; Granéli et al. 1996). In-lake color production
depends on photohumification of algal-derived compounds (Kieber et al. 1997) and
losses are mainly related to photobleaching (Morris and Hargraves 1997). Pho-
tobleaching is loss of the capacity to absorb light (i.e. color) caused by degradation
of chromophoric compounds (Whipple 1914). The relative influence of in-lake
(morphometry, photosynthetic DOC production, microbial DOC degradation, etc)
vs. external (catchment area, soil type, environmental conditions, etc) factors on
DOC and color dynamics remains to be determined.

Generally, DOC and color are closely related fluctuating synchronously (Molot
and Dillon 1997a). Some authors, however, have pointed out that factors control-
ling DOC and color can differ (Molot and Dillon 1997b; Curtis and Schindler
1997). This divergence induces seasonal variability in molar absorption coefficients
(Kortelainen 1993; Molot and Dillon 1997a). In temperate regions, environmental
factors such as precipitation or incident radiation can differentially influence DOC
and color (Molot and Dillon 1997b; Curtis and Schindler 1997; Curtis 1998; Lin-
dell et al. 2000). During rainy periods, inputs of humic compounds from catchment
areas can result in increases in DOC and, particularly, color. In contrast, during
sunny and dry periods solar radiation can induce losses of DOC by photomineral-
ization and color by photobleaching, but evaporation can also lead to DOC con-
centration and color increases. Therefore, the seasonal changes related to precipi-
tation and incident solar radiation can be crucial in understanding DOC and color
dynamics, but few studies have considered these interactions.

The goal of this paper is to assess the influence of environmental factors (rain-
fall and incident solar radiation) on DOC and color dynamics in a small forested
lake where water residence time was relatively short. The influence of solar radia-
tion was specifically evaluated by determining photobleaching and photomineral-
ization and comparing the resulting estimates of half lives of DOC and color to
lake water residence time.
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Material and methods

Study site

Old Man McMullen Pond is located in the Great Mountain Forest of Connecticut
(41° 57� N, 73° 15� W) at an elevation of 460 m a.s.l. This lake is small (7.8 ha)
and shallow (1 m maximum depth). The catchment area is 29.3 ha and is primarily
coniferous forest. There is a visible inlet and outlet. Macrophytes (mostly Utricu-
laria vulgaris) and littoral vegetation are well represented in the lake while plank-
tonic chlorophyll-a concentrations are low, usually <3 �g l−1.

Sampling and analytical methods

The lake was sampled at a central location at least once per month from October
1995 to October 1997 including the ice-covered period from December to April.
Three samples for DOC concentration and absorbance were collected on each date.
DOC samples were filtered through precombusted Whatman GF/F filters, acidified
(final pH < 2) and measured with a Shimadzu TOC-5050 Total Carbon Analyzer.
Color samples were also filtered through Whatman GF/F filters and measured at
440 nm in 10 cm-cuvettes in a spectrophotometer. Absorbance (A440) was expressed
as Napierian absorption coefficient (a440) in m−1, commonly termed color (Cuth-
bert and del Giorgio 1992):

a440 �
2.303A440

l
(1)

where l is the optical pathlength in m. Molar absorption coefficient (�) in m2 mol−1

was also calculated as:

� �
a440

C
(2)

where C is the concentration of DOC in mM.
Rainfall and incident photosynthetically active radiation (PAR) were monitored

at the Institute of Ecosystem Studies (IES) (Millbrook NY, 41° 50� N, 73° 45� W)
located within 70 km of the study lake. Total rainfall was determined using an uni-
versal recording rain gauge (Belfort Instrument Co. Series 5-780). Data for statis-
tical analysis were expressed as cumulative (CR) and monthly (MR) rainfall. CR
was obtained by additions of daily rainfall from April 1st to the day prior to sam-
pling (the ice-covered period was not included). MR was obtained by the daily ad-
ditions of rainfall for each month.

PAR was measured every two seconds using a quantum sensor (Li-Cor, Inc.
Model LI-190SB). PAR data were expressed as the daily average for each month.
Incident UV radiation was not monitored at the IES site prior to April, 1999. Inci-
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dent ultraviolet-B radiation (UVB) and PAR are, however, significantly correlated
at the IES environmental monitoring station (V. Kelly, personal comm. 2000 data).
PAR data were used to estimate UV (see below).

Conductivity was measured using a Model 32 Conductance Meter and pH using
an Orion digital meter with a standard Ag/AgCl triode electrode with automatic
temperature compensation.

Experimental determination of photobleaching

Experiments were performed to determine photobleaching rates over the different
seasons and years. These rates were obtained by measuring changes in a440 of GF/F
filtered-water in three 300 ml-borosilicate (in 1995, 1996, and 1997) and 200
ml-quartz (in 1997) bottles with sunlight exposure. Borosilicate bottles had a mean
pathlength (2 sin 45° radius) of 3.25 cm and quartz bottles of 2.97 cm. Energy
transmission through these experimental bottles was previously reported (Reche et
al. 2000). Briefly, borosilicate bottles permitted the transmission of most UVA and
PAR and quartz bottles practically the entire sprectrum. Three dark bottles were
used as controls. Sunlight incubations were performed on a platform and ranged
from 2 days to 8 days depending on the experiments. While these bottles likely
developed bacteria over the course of the incubations, we assumed consistent with
the prior experience (Skoog et al. 1996; Reche et al. 1999) that bacteria would have
relatively litte effect on the loss of absorbance observed over the experimental time
interval.

Photobleaching kinetics fit a negative exponential function (Equation 3):

a440 � a440oe � kbDn (3)

where a440n is the absorption coefficient at 440 nm (m−1) after a cumulative sun-
light dose of Dn, and a440o is the initial absorption coefficient at 440 nm (m−1). The
photobleaching coefficient (kb in (Em−2)−1) is defined as the slope of the ln-linear
regression between absorption coefficients (a440) and cumulative sunlight dose. Dn

values were obtained by the addition of incident radiation over time of exposure.
PAR data were obtained from the IES environmental station (see above). The ul-
traviolet A (UVA) and B (UVB) radiation data were estimated by applying the
PAR:UVA and PAR:UVB ratios measured in the Lake Lacawac field station (41°
23�N, 75° 18�W) to IES data for PAR. IES and Lake Lacawac had similar atmo-
spheric ozone concentration during sunlight exposure (based on a comparison of
ozone readings at both sites on the same dates). Incident doses for the experiments
using borosilicate bottles were cumulative UVA and PAR and for the experiments
using quartz bottles were cumulative UVB, UVA and PAR.
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To express kb in time units (d−1) sunlight doses were converted to:

kb �

ln
a440n

a440o

t
(4)

where t is E m−2 d−1. Then, the time (d) to reduce color by 50% (a440 half life) was
calculated as:

a440half life �
ln�0.5�

kb

(5)

Lake half life of a440 and water residence time

The experiments only represent color loss for surface waters conditions. Pho-
tobleaching coefficients for the whole water column (kwc) were obtained by apply-
ing the model of Reche et al. (2000). This model assumed a completely mixed wa-
ter column and a lake shaped as a truncate cone. The model variables were: incident
PAR, UVA and UVB; kb values; DOC concentration and a440:DOC ratios. To as-
sess the potential effect of photobleaching on lake a440 dynamics, half life of a440

for the whole water column was also estimated using the seasonal values of kwc

(d−1).
Water residence times were also estimated by using data on rainfall and lake

volume and assuming watershed yields typical of the region (Likens and Bormann
1995).

Experimental determination of photomineralization

Photomineralization rates were determined as DOC losses in the summer and fall
of 1996. Lake water filtered through 0.2 �m was incubated in transparent and
dark-control borosilicate test tubes for 8 days in the summer experiment and for 7
days in the fall experiment. Again, we assumed little effect of bacteria on any loss
of DOC observed during the experiments. Three test-tubes of each treatment were
sequentially removed, and DOC concentration was measured along with the corre-
sponding incident sunlight dose. The photomineralization coefficient (kph) is defined
as the slope of the relationship between DOC concentrations and cumulative sun-
light doses Equation (6):

DOCn � DOCo � kphDn (6)

where DOCn and DOC0 are the concentration of DOC (mM) after a sunlight dose
of Dn (E m−2) and at initial conditions. Cumulative sunlight doses were obtained

25



by the additions of incident PAR and UVA. To express kph in time units (d−1) sun-
light doses were converted in days:

� kph �
DOCn � DOCo

t
(7)

where t is E m−2 d−1. Then, the time (d) to reduce DOC concentration by 50%
(DOC half life) was calculated as:

DOChalf life �
DOC0/2

kph

(8)

Statistical analysis

Data used in regression analysis were arithmetic means of the three replicates. Or-
dinary least-squares (OLS) or multiple ridge regressions were used when one or
two independent variables were considered, respectively. Ridge regressions were
used because the independent variables were collinear which can lead to unstable
estimates of regression coefficients via the OLS method. Ridge regression is one
method of biased estimation of coefficients that attempts to reduce or control for
the effects of collinearity (Price 1977; Chaterjee and Price 1991). A small biasing
factor (lambda, �) is added during the computations, and serves to stabilize the pa-
rameter estimates. Usually, for � values included in the range from 0 (unbiased) to
0.1 the parameter estimates are stabilized (Philippi 1993). Ridge regression artifi-
cially decreases the correlation coefficients so that more stable (yet biased) esti-
mates of the slopes (i.e. beta coefficients) and intercept can be computed.

Results

Dynamics of DOC and a440

DOC concentration varied about 4 fold from 0.46 mM to 1.62 mM over the two
study years, and averaged 0.92 mM. Maximum values were reached in late sum-
mer and fall, and minimum values were observed when the lake was ice-covered
(Figure 1). Values of a440 ranged more than 4-fold from 3.4 to 14.8 m−1 with
maxima in fall and minima under ice-covered conditions (Figure 1). DOC concen-
tration and a440 mean values were higher in 1995 and 1996 than in 1997.

DOC concentration and a440 were positive and significantly related (a440 = −
0.41+9.29 DOC; r2 = 0.74; p < 0.001). However, an important percentage of a440

variance (26%) was not explained by DOC concentration. This unexplained vari-
ance was reflected in the molar absorption coefficients (�) that ranged from 6.0
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m2 mol−1 to 12.0 m2 mol−1 with an average of 8.8 m2 mol−1. Values of � above the
average were observed in late fall of 1995, late summer and early fall of 1996, and
in spring of 1997 (mostly rainy periods), and values markedly lower than the av-
erage were observed under ice-cover in 1996 and during the dry summer of 1997.

To examine if DOC and a440 dynamics were significantly related to cumulative
rainfall (CR) and incident PAR, regressions analysis were performed. There was
collinearity between the independent variables (CR and PAR) and so ridge regres-
sion was used to obtain stable coefficient estimates. The ridge regressions for DOC
showed that � coefficients for PAR were not significant, whereas � coefficients for
CR were significant for any case in the checked range. DOC dynamics appear to be
primarily related to CR. In fact, the simple regression between DOC and CR is
significant (r2 = 0.34, n = 21, p < 0.01) although substantial unexplained variation
remains (Figure 2, solid circles).

The ridge regressions performed for a440 showed that � coefficients for PAR
were significant only for low values of � (< 0.035), whereas � coefficients for CR
were significant until � = 0.09. In the ridge regressions for a440, � coefficients for
CR were always higher than for PAR. The ridge regression results suggested that
a440 dynamics were significantly related to both CR and PAR. However, the rela-
tionship between a440 and CR was stronger than a440 and PAR. Simple regressions
were also performed between a440 and CR and PAR, but significant results were
obtained only for CR (r2 = 0.27, n = 23, p < 0.05). A large fraction of the a440

variance (more than 70%) remained unexplained (Figure 2, open squares). There

Figure 1. Seasonal changes of concentration (DOC) and absorption coefficient at 440 nm (a440) of dis-
solved organic carbon in the study lake from October 1995 to October 1997.
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were no significant relationships between molar absorption coefficients (a440:DOC
ratios) and CR or PAR.

Photobleaching and photomineralization

Photobleaching coefficients (kb) were determined 14 times: 11 using borosilicate
bottles and 3 using quartz bottles. Values of kb ranged from
−14.21×10−4±1.30×10−4 to −44.40×10−4±4.02×10−4 (Em−2)−1 when borosilicate
bottles were used (Figure 3, black circles) and from 25.05×10−4±3.03×10−4 to
56.09×10−4±3.20×10−4 (Em−2)−1 when quartz bottles were used (Figure 3, open
square). The half life of a440 varied from 5 to 25 d for surface conditions.

Irrespective of the type of experimental bottles used (borosilicate vs. quartz) the
slowest photobleaching (less negative kb values) were systematically obtained in
summer and the fastest photobleaching (more negative kb values) in fall and in
spring Figure 3. To evaluate if there is a seasonal tendency in photobleaching co-
efficients, they were grouped by seasons and compared using t-tests. Photobleach-
ing was significantly faster in fall (t = 4.57, df = 8, p = 0.002) and spring (t = 3.58,
df = 4, p = 0.023) than in summer, but between spring and fall no significant dif-
ference was found (t = 0.21, df = 6, p = 0.844).

Maximum quantum yields for many photoprocesses are in the UVB range (Mo-
ran and Zepp 1997). Therefore, the photobleaching rates obtained in borosilicate
bottles are underestimates. To evaluate the magnitude of this underestimation three
experiments using both borosilicate (UVA+PAR transmission) and quartz
(UVB+UVA+PAR transmission) bottles were performed. In the three experiments,
the slopes (kb values) obtained for the quartz bottles were significantly higher

Figure 2. Simple regressions between cumulative rainfall (CR) and dissolved organic carbon concen-
trations (DOC) and absorption coefficients at 440 nm (a440).
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(faster photobleaching) than for the borosilicate bottles (Figure 4). The kb values
using borosilicate (kbB) were about 75% of the kb values using quartz (kbQ).

The kb values obtained using borosilicate varied about 3 fold over the study.
The variability of photobleaching coefficients has been previously related to water
chemistry and DOC optical quality (Morris and Hargraves 1997; Reche et al. 1999).
Conductivity (range: 20.5–29.9 �S; two-year average: 23.9) and pH (range: 4.2–
5.7; two-year average: 4.6) varied little in the study lake. No significant relation-
ships were found between ionic conditions (e.g. pH or conductivity) or molar ab-
sorption coefficients (DOC optical quality) and photobleaching coefficients. How-
ever, there was a negative and significant relationship between monthly rainfall
(MR) and photobleaching coefficients (Figure 5). The rainier conditions were as-
sociated with faster photobleaching coefficients.

Figure 3. Photobleaching coefficients (kb) and standard errors (error bars) for the different experiment
performed. Solid circles represent kb values obtained by using borosilicate bottles and open squares by
using quartz bottles.
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Experimental photobleaching coefficients only represent surface water condi-
tions. The estimates of a440 half lives for the whole water column varied from 19 d
to 152 d (Figure 6). These values were close to water residence time during fall of
1995 and 1996 (particularly rainy periods) and considerably less than water resi-
dence times during spring and summer of 1996 and 1997 (particularly dry periods).

Photomineralization was quantified only in two seasons (summer and fall). Un-
like the a440 exponential decay kinetics, photomineralization of DOC was linear.
The kph value in summer was −15.08×10−4±0.62×10−4 (Em−2)−1 and in fall

Figure 4. Changes in absorption coefficients at 440 nm (a440) over sunlight exposure in the borosilicate
(solid circles) and quartz (open squares) bottles in three photobleaching experiments of 1997. Incident
cumulative doses for borosilicate bottles were UVA+PAR and for quartz bottles were UVB+UVA+PAR.
Note kbQ values (×10−4 (Em−2)−1) are photobleaching coefficients in the quartz bottles and kbB values
(×10−4 (Em−2)−1) are photobleaching coefficients in the borosilicate bottles.

Figure 5. Relationship between photobleaching coefficients (kb values) and monthly rainfall (MR). Note
kb values in quartz bottles (open squares) have not been included in the analysis.
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−15.14×10−4±1.53×10−4 (Em−2)−1. Photomineralization coefficients were not sig-
nificantly different for summer and fall experiments (Figure 7). DOC half lives were
167 d and 249 d for summer and fall conditions, respectively. These values were
about 1 order of magnitude longer than a440 half lives.

Discussion

Seasonal changes of DOC and a440 in the study lake were similar to those found in
other small forested lakes (Tipping and Woof 1983; Tipping et al. 1988; Meili 1992;
Kortelainen 1993; Hessen et al. 1997). DOC and a440 mean values were higher in
1995 and 1996 than in 1997 likely related to the higher annual rainfall in 1995
(1151 mm) and 1996 (1425 mm) with respect to 1997 (965 mm).

DOC and a440 dynamics were significantly related to cumulative rainfall (Fig-
ure 2). These relationships may derive from the tight link between rainfall and DOC
exports in humid climates (Hinton et al. 1997). It is well known that water from
runoff tends to be richer in DOC and more colored than groundwater (Leenheer et
al. 1974; Larson 1978). Moreover, DOC exports in coniferous forest are particu-
larly significant (Cronan and Aiken 1985; Neff and Asner 2001). Others have also
reported maxima of DOC or humic acids linked to rainy seasons (spring or fall) in
northern temperate lakes (Tipping and Woof 1983; Tipping et al. 1988; Biber et al.
1996; Molot and Dillon 1997a).

DOC and a440 dynamics were reasonably synchronous, but there was an impor-
tant percentage (26%) of a440 variance that was not explained by DOC. The a440

variance explained by DOC in this study was lower than in long-term (Molot and
Dillon 1997a) or in among-systems studies (Scruton 1984; Howell 1986; Korte-

Figure 6. Seasonal changes of a440 half life for water column (dotted lines) and water residence time
(WRT) (continuous line).
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lainen 1993; Curtis and Schindler 1997; Reche et al. 1999). This difference could
be related to the data averaging of long-term and among-systems studies that often
smooth abrupt changes typical of seasonal studies. The dispersion in the a440-DOC
relationship is indicated by changes in the molar absorption coefficients (� =
a440:DOC ratio). These coefficients can be roughly considered as an index of the
contribution of humic and fulvic acids to total DOC pool. High � values indicate a
greater contribution of aromatic compounds to total DOC and low ratios a greater
autochthonous (less aromatic) contribution to total DOC (McKnight et al. 1994,
1997; Sun et al. 1997). If rainfall and allochthonous inputs are related, a positive
and significant relationship between � values and rainfall should be expected. The
absence of a significant relationship between � values and CR or MR in this study
suggests that other factors beyond runoff are controlling � values. Clair and Sayer
(1997) found a clear seasonal pattern in the distribution of structural carbon (i.e.
high aromatic content) in DOC related to the presence of light-sensitive chro-
mophores.

The color loss is dependent on quantum yield and total incident energy of each
waveband. Maximum quantum yield for most photochemical processes are in the
UV range (Moran and Zepp 1997), but total energy is much lower in this band
(Kirk 1994). In this study, the importance of UVB was assessed in three experi-
ments using quartz (UVB+UVA+PAR transmission) and borosilicate (UVA+PAR
transmission) containers (Figure 4). Photobleaching coefficients obtained in quartz
containers were significantly more negative (faster photobleaching) than in boro-

Figure 7. Changes of dissolved organic carbon concentration (DOC) as functions of cumulative sun-
light doses for summer (squares) and fall (triangles) experiments. Solid symbols are DOC changes in
dark controls and open symbols in transparent tubes. The slopes of the regression lines (open symbols)
are the photomineralization coefficients.
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silicate containers, although incident UVB represents only 4.5% of UVA and 0.1%
of PAR. Since PAR and UVB radiation was correlated at our monitoring site, the
seasonal trend of photobleaching coefficients measured using borosilicate contain-
ers is likely representative of those obtained when effects of the complete spectrum
are included (i.e. with quartz containers).

The seasonal variability of photobleaching coefficients in this study was lower
than the variability found in among-systems studies (Reche et al. 1999). Unlike the
results for among-systems, kb variability in our seasonal study was related to an
environmental factor (monthly rainfall) (Figure 5). DOC during rainy months was
more photoreactive (the fastest kb values) than during dry months (the slowest kb

values). In summer, photobleaching coefficients were low probably because the hu-
mic fraction of DOC was previously subjected to high solar radiation that resulting
in the degradation of chromophores. In addition summer rainfall was low decreas-
ing new inputs of chromophores (i.e. there is proportionally less photobleachable
substrate). In fall and spring, photobleaching coefficients were higher probably be-
cause DOC was subjected to lower solar radiation and recent rainfall episodes pro-
moted new inputs of chromophore-rich DOC (i.e. there is proportionally more pho-
tobleachable substrate).

Photomineralization rates did not appear to vary seasonally. Photomineralization
rates expressed as losses of carbon (mg C l−1h−1) were within the same range ob-
served in previous studies (Salonen and Vähätalo 1994; Granéli et al. 1996; Amon
and Benner 1996; Granéli et al. 1998). If these rates are normalized by their cor-
responding DOC concentrations, all values are remarkably close (0.0041–0.0067)
even with different experimental designs and waters from very diverse areas. Some
authors (Amon and Benner 1996; Granéli et al. 1998) have reported similar values
of DOC-specific DIC-production under different solar radiation spectra and differ-
ent DOC optical properties. These results suggest that photomineralization, prob-
ably, is a relatively constant rate of sunlight dose. In contrast, Lindell et al. (2000)
found seasonal changes in the values of DOC-specific DIC-production. In this
study, photomineralization coefficients were not significantly different. Therefore,
photomineralization appeared less variable, whereas photobleaching showed a clear
seasonal trend (probably linked to allochthonous inputs of photobleachable mate-
rial).

The fact that photobleaching and photomineralization had different decay kinet-
ics (exponential vs. linear) leads to significant differences in the experimental half
lives of a440 and DOC. Half lives of a440 were shorter (about one order of magni-
tude) than DOC half lives. This result underlines the more severe effect of solar
radiation on a440 than on DOC. Therefore, photobleaching and photomineralization
can differentially influence on a440 and DOC dynamics as was also noted by Molot
and Dillon (1997b); Curtis and Schindler (1997).

The net effects of photobleaching or photomineralization on a440 and DOC dy-
namics will also depend on water residence time. If a440 half lives for the water
column due to photobleaching are shorter than water residence times then there is
a greater potential for photobleaching to influence a440 dynamics. By contrast, if
those a440 half lives are longer than water residence time, the effect of photobleach-
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ing could be masked by new allochthonous inputs. The comparison between a440

half lives of water column and water residence time in the study lake (Figure 6)
suggests that during dry periods (spring and summer of 1996 and 1997) pho-
tobleaching strongly influenced the changes in a440. DOC half lives for water col-
umn were not estimated. However, photomineralization was not sufficient to have
strong effect on DOC dynamics due to the long DOC half lives under surface con-
ditions.

The results of this study show that external factors, such as rainfall, can drive
DOC and a440 dynamics. Solar radiation can also have a significant influence on
a440 when water residence times are sufficiently long. Environmental factors seem
to be important in determining DOC and a440 dynamics in shallow, small and for-
ested lakes with short residence times like the study system. However, more stud-
ies are necessary to characterize the relative importance of in-lake properties and
processes (morphometry, DOC production via photosynthesis, microbial degrada-
tion, etc) vs. external (catchment area, soil type, environmental factors, etc) factors
to forecast DOC and a440 dynamics and, hence, their functions in lakes.
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