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A critical review of the effect of water storage reservoirs on
organic matter decomposition in rivers
John Gichimu Mbaka and Mercy Wanjiru Mwaniki

Abstract: Organic matter decomposition is vital in sustaining river food webs. However, little is known about the effect of water
storage reservoirs on organic matter decomposition in rivers. In this paper, we reviewed and analyzed 37 studies that investi-
gated the effect of man-made reservoirs on organic matter decomposition in rivers. Most studies focused on decomposition of
tree leaf litter (54.1%) and macrophytes litter (43.2%), while fewer studies evaluated decomposition of wood (2.7%). Based on
qualitative analysis, the effect of small weirs on organic matter decomposition is local and the effect on most habitat variables
is minimal. Mean effect sizes (Hedges’ g) for organic matter decomposition were −1.98 for small weirs, −1.31 for small reservoirs,
and −0.66 for large reservoirs. This review demonstrates that, in general, reservoirs have a negative effect on litter decomposi-
tion. Litter decomposition, an important ecosystem process, is sensitive to impacts of reservoirs in different types of rivers.

Key words: dam, organic matter decomposition, energy source, ecological integrity, environment.

Résumé : La décomposition de matière organique est essentielle au maintien des réseaux trophiques fluviaux. Cependant, on en
sait très peu à propos de l’effet des réservoirs de retenue sur la décomposition de matière organique dans les rivières. Dans le
cadre de cette étude, nous avons passé en revue et avons analysé 37 études au sujet de l’effet des réservoirs artificiels sur la
décomposition de matière organique dans les rivières. La plupart des études ont porté sur la décomposition des litières de feuilles
d’arbres (54,1 %) et des litières de macrophytes (43,2 %), tandis que moins d’études ont évalué la décomposition de bois (2,7 %).
D’après l’analyse qualitative, l’effet de petits déversoirs sur la décomposition de matière organique est local et l’effet sur la
plupart des variables d’habitat est minimal. Les ampleurs moyennes de l’effet (g de Hedges) de la décomposition de matière
organique étaient −1,98 pour les petits déversoirs, −1,31 pour les petits réservoirs et −0,66 pour les grands réservoirs. Cet examen
démontre qu’en général les réservoirs ont un effet négatif sur la décomposition de litière. La décomposition de litière, un
processus écosystémique important, est sensible aux impacts des réservoirs situés dans différents types de rivières. [Traduit par
la Rédaction]

Mots-clés : barrage, décomposition de matière organique, source d’énergie, intégrité écologique, environnement.

1. Introduction
Reservoirs are one of the most common human impacts on

rivers worldwide (Nilsson et al. 2005). Reservoirs are constructed
to supply water for purposes such as agriculture, domestic use,
hydroelectric power generation, and recreation. As a result of
increased demand for water, the number of reservoirs has in-
creased dramatically in the last 100 years (WCD 2000). This has
resulted in regulation of flow for more than half of all rivers
globally (WCD 2000). Despite the various benefits that are pro-
vided by reservoirs, they may increase abiotic factors such as
water temperature and nutrients and decrease biotic factors
such as fungi and invertebrates, and functional ecosystem pro-
cesses (e.g., litter decomposition) (Elosegi and Sabater 2013;
Mbaka and Mwaniki 2015; von Schiller et al. 2015).

Most studies on the effect of reservoirs on rivers focused on
habitat factors and biotic communities, such as invertebrates,
fish, and algae (Rosenberg et al. 1997; Ellis and Jones 2013; Mbaka
and Mwaniki 2015). However, depending on the impact of reser-
voirs on river habitat factors and biotic communities, reservoirs
also have negative or positive effects on riparian vegetation
and fundamental ecosystem processes, such as organic matter

decomposition—an important source of energy in rivers and
greenhouse gases in the environment (Fisher and Likens 1973;
Jansson et al. 2000; Abril et al. 2013). Allochthonous organic mat-
ter can contribute more than 90% carbon in headwater streams
(Fisher and Likens 1973). This observation led to conceptualization
of ecosystem processes, where organic matter is initially de-
composed by microorganisms (e.g., fungi), and subsequently by
macroinvertebrate shredders, that breakdown coarse particulate
organic matter into fine organic particles (Vannote et al. 1980;
Graça 2001; Pascoal and Cássio 2004). The fine organic matter be-
comes a crucial food source for primary consumers, such as filtering-
collectors, that are consumed by predators. Therefore, any alteration
of organic matter transfer and decomposition in rivers would modify
the food web structure and energy flow (Muehlbauer et al. 2009;
Mendoza-Lera et al. 2012).

Given that reservoirs may cause habitat factors (e.g., nutrients,
flow) to increase or decrease, their effect on biotic communities
(e.g., fungi, bacteria, and invertebrates) and organic matter decom-
position process may be either positive or negative (Menéndez et al.
2012). Depending on study design (e.g., longitudinal location of
study sites), type of organic matter, litter bags mesh size, and
characteristics related to reservoirs, such as trophic status, water
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release mechanism, size, and water residence time, reservoirs
may have varied effects on biotic and abiotic factors and organic
matterdecompositionprocess (NelsonandRoline2000;Menéndezetal.
2012; Quintão et al. 2013; Mbaka and Mwaniki 2015). Differences in
response of biotic and abiotic factors among rivers may increase
or decrease organic matter decomposition rates in reservoirs, up-
stream sites flooded by reservoirs or downstream sites (Short and
Ward 1980; Casas et al. 2000; Menéndez et al. 2012). For example,
Quintão et al. (2013) evaluated the effect of two large reservoirs
(i.e., reservoirs with water storage capacity greater than 3 000 000 m3,
WCD 2000), with different trophic status, on aquatic macrophytes
(Eichhornia sp., Typha sp.) leaves decomposition rates using 10 mm
mesh size litter bags. The authors found the highest decomposi-
tion rates in the eutrophic reservoir. Leaf litter decomposition
was mainly influenced by microorganisms (i.e., fungi and bacte-
ria), than invertebrate shredders, and water temperature, oxygen,
and nutrient concentrations influenced microbial development.
Short and Ward (1980) assessed the effect of a reservoir that
released deep water on alder tree leaf (Alnus sp.) packs decompo-
sition rate and found that although the mean abundance of inver-
tebrate shredders was reduced at the downstream site, high
temperature increased leaf packs breakdown rate, through in-
creased microbial processing. Mendoza-Lera et al. (2012) evaluated
the effect of small reservoirs (14 000–64 000 m3) on decomposi-
tion rates of alder tree leaves, using 5 mm mesh size bags, and
they found that although the reservoirs had minor effects on
factors such as temperature, nutrients, flow, and fungi abun-
dance, leaf litter decomposition rates were reduced at the down-
stream sites of reservoirs owing to low abundance of invertebrate
shredders. In contrast, Mbaka and Schäfer (2016), using 8 mm
mesh size bags, reported that small weirs (80–720 m3) that re-
leased surface water caused a reduction in the abundance of in-
vertebrate shredders and alder tree leaf litter decomposition rates
at the sites located immediately upstream of the area flooded by
the weirs, although factors such as temperature and nutrients did
not differ significantly among sites.

The organic matter decomposition process is useful in evalua-
tion of the effect of disturbance on ecological integrity of lotic
ecosystems (Castela et al. 2008; Young et al. 2008). Moreover, or-
ganic matter decomposition can help to disentangle the ecologi-
cal effect of reservoirs in the presence of multiple stressors (Colas
et al. 2013). However, little is known about the effect of reservoirs
on organic matter decomposition in rivers (Menéndez et al. 2012).
This review paper, therefore, aimed to conduct a synthesis of case
studies, by qualitative and quantitative analysis, to gain further
insights on the effect of different types of reservoirs on organic
matter decomposition in rivers. We hypothesized that reservoirs
would have a negative effect on litter decomposition rate by de-
creasing habitat variables, such as water flow rate, and densities
of invertebrate shredders and microorganisms (e.g., fungi).

2. Literature survey and data analysis
The databases Web of Knowledge, Pubmed, Google Scholar, and

Scopus were searched for publications on the effect of man-made
water storage reservoirs on organic matter decomposition in riv-
ers. The search was limited to papers published between 1980 and
2016. Papers were searched using the following terms: (dam OR
impoundment OR reservoir OR pond OR weir) AND (decomposi-
tion OR decay OR processing OR breakdown) AND (leaf litter OR
wood OR organic matter) AND (stream OR river). Moreover, the
searches were enhanced by scanning reference lists of identified
papers for additional literature. A total of 47 papers based on this
criteria were found. Out of these papers, 10 papers were excluded
from further analysis because the research was conducted in

dammed rivers, but focused on other stressors (e.g., metals or
green house gases, e.g., Abril et al. 2013), or involved laboratory
mesocosm studies (e.g., Bonanomi et al. 2015) and lakes. The re-
maining 37 papers were read thoroughly and qualitative informa-
tion such as study design, type of organic matter (e.g., leaf litter),
mesh size of litter bags, and reservoir details (e.g., volume) was
obtained (see supplementary data, Table S11) . The biotic and abi-
otic factors (e.g., invertebrates, fungi, temperature, nutrients, and
flow velocity), as well as organic matter decomposition, were di-
vided into three groups based on significant increase and de-
crease, or no significant effect of reservoirs (Table S21)—although
non-significance may sometimes be as a result of low statistical
power (Lieber 1990). The longitudinal location of study sites was
coded as FU (further upstream), for study sites not impacted (con-
trol) by reservoirs; IU (immediate upstream), for study sites lo-
cated less than 50 m from the area flooded by reservoirs; RES
(reservoir), for study sites located within reservoirs; ID (immediate
downstream), for study sites located within 50 m from the dam
wall; and FD (further downstream), for study sites potentially im-
pacted by reservoirs, but located further downstream (Table S21).
Reservoirs were categorised into (i) large reservoirs (volume greater
than 3 000 000 m3, WCD 2000), (ii) small reservoirs (volume be-
tween 50 000 and 3 000 000 m3), and (iii) small weirs (volume less
than 50 000 m3).

The effect of water storage reservoirs on habitat variables and
organic matter decomposition was quantified by calculating
standardised mean differences, Hedges’ g (Gurevitch and Hedges
1993)—using means and standard errors and means and standard
deviations. A 95% confidence interval (CI) was used to evaluate
whether g was statistically significantly different from zero, with
significant results having a CI without a zero (Gurevitch and
Hedges 1993). Data analysis was performed using MetaWin statis-
tical software package version 2.0 (Rosenberg et al. 2000).

3. Literature survey findings

3.1. Database description
Our survey of the literature resulted in 37 papers that satisfied

our search criteria (Table S11) on the effect of reservoirs on organic
matter decomposition in rivers. The majority of studies assessed
large reservoirs (51.5%) and small reservoirs (39.4%), with fewer
studies focusing on small weirs (9.1%). Most of the studies targeted
decomposition of tree leaf litter (54.1%) and macrophytes (43.2%),
whereas fewer studies (2.7%) dealt with decomposition of wood.
Litter was mainly collected after natural abscission (44.8%) and
before abscission (44.8%) than during abscission (10.4%). Coarse
mesh litter bags (68.8%) were more frequently used than leaf
packs (18.7%) or fine mesh litter bags (12.5%); and decomposition
was mainly evaluated using the negative exponential model (63.3%)
than the linear model (26.7%), or both models (10%). Evaluation of
the effect of reservoirs on rivers was primarily conducted through
comparison of reference conditions to further downstream
(27.5%) and reservoir reaches (27.5%), while fewer studies assessed
immediate upstream (5.3%) and immediate downstream (12.2%)
reaches.

3.2. Qualitative review
Generally, small weirs had no significant effect on most habitat

variables, compared with large reservoirs (Table 1). For example,
studies on small weirs found that they had no significant effect on
chemical variables, whereas large reservoirs were reported to sig-
nificantly increase conductivity, nitrates, phosphates, and am-
monium. Additionally, small weirs were primarily reported to
significantly decrease the densities of invertebrate shredders and
organic matter decomposition rates at study sites located within

1Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/er-2016-0041.
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the vicinity of reservoirs (IU, RES, ID), whereas small reservoirs
were reported to increase or decrease the two variables at study
sites located in reservoirs (RES) and further downstream (FD)
(Table 1).

3.3. Quantitative analysis
Results of analysis of the effect sizes of physico-chemical

variables, biotic communities (e.g., invertebrates), and litter
decomposition are presented in Table 2. With regard to chemical
variables, large reservoirs caused a significant increase in conduc-
tivity (g = 3.34, CI = 1.05 to 5.62) at the immediate and further
downstream reaches. However, large reservoirs had a negative
and non-significant effect on pH (g = −1.27, CI = −3.08 to 0.54).
Small reservoirs had negative and non-significant effects on phos-
phates (g = −0.18, CI = −1.28 to 0.91), conductivity (g = −0.04, CI =
−1.14 to 1.06), and oxygen (g = −0.09, CI = −1.23 to 1.04). A similarly
negative trend was observed for chemical variables such as phos-
phates, oxygen, nitrates, and pH at the immediate upstream, res-
ervoir, and immediate downstream sites of small weirs. With
regard to physical variables, small weirs had a non-significant
effect on water velocity (g = −1.82, CI = −3.85 to 0.21). Large reser-
voirs had a larger positive effect on water temperature (g = 0.49)
than small weirs (g = 0.04). Small reservoirs had a negative effect
on invertebrate density (g = −0.55), shredders density (g = −0.65),
and fungi density (g = −0.34). Small weirs had the largest negative
effect on litter decomposition rate (g = −1.98), followed by small
reservoirs (g = −1.31) and large reservoirs (g = −0.66). In general, the
effect of small weirs and reservoirs on most habitat variables was
smaller than that of large reservoirs. Small weirs primarily had an
effect on variables at the reaches located in close proximity to the
reservoirs, whereas small reservoirs affected sites located further
downstream.

4. Impact of reservoirs on organic matter
decomposition in rivers

Based on qualitative review, small weirs had no significant ef-
fect on most water variables and affected organic matter decom-
position process at the study sites located near the reservoirs. On
the other hand, small and large reservoirs caused many variables
to significantly increase or decrease at the reservoir, immediate
downstream, and further downstream (Table 1). Large reservoirs
have bigger effects on river physico-chemical conditions than

small weirs, owing to their greater volume and water retention
time (Poff and Hart 2002; Maxted et al. 2005). Consequently, this
will affect the spatial extent to which habitat variables are af-
fected (Poff and Hart 2002).

Quantitative analysis showed that small weirs (g = −1.98, CI =
−3.82 to −0.14) and small reservoirs (g = −1.31, CI = −1.82 to −0.79)
had significant negative effects on leaf litter decomposition rate.
Large reservoirs had a non-significant effect (g = −0.66, CI = −1.65 to
0.34) on leaf litter decomposition rate (Table 2). This suggests that
water storage reservoirs have varied effects on litter decomposi-
tion process. For example, Tuch and Gasith (1989) evaluated the
effect of a large reservoir (4 000 000 m3) on macrophyte (Typha sp.)
leaf litter decomposition rate and found that study sites located
further downstream (1.5 km) had significantly slower decomposi-
tion rates than reference sites. In contrast, Casas et al. (2000)
investigated the effect of a large reservoir (70 000 000 m3) that
released deep water on tree leaf litter decomposition rate and
found that the reservoir did not have a significant effect. The
authors suggested that although high nutrient concentrations
(up to 14 fold) at the downstream side could have accelerated
decomposition rates (Suberkropp and Chauvet 1995), high hy-
drological variability at the upstream side may have caused
greater physical breakdown of leaf litter (Rueda-Delgado et al.
2006). González et al. (2013) investigated the effect of a small
reservoir (90 000 000–710 000 000 m3) on alder tree leaf litter de-
composition process and found that the decomposition rate was
significantly reduced at the downstream side. The authors sug-
gested that modification in the structure of invertebrate (e.g.,
shredders) and fungi communities could be responsible for the
observed differences. The strong negative effect (g = −1.98) of small
weirs on leaf litter decomposition rate can be attributed to the
negative effect of weirs on water velocity (g = −1.82), nitrates
(g = −0.11), phosphates (g = −0.02), or fine sediment deposition
(Belančić et al. 2009; Avilés and Niell 2007; Sanpera-Calbet et al.
2012; Ágoston-Szabó et al. 2016).

Other factors that influence organic matter decomposition in
regulated rivers include reservoir typology (e.g., water release
mechanism), activities in the catchment area, season of investiga-
tion, and size of river (Menéndez et al. 2012; Colas et al. 2013;
Arroita et al. 2015; Abril et al. 2015). For example, Menéndez et al.
(2012) investigated the effect of four small surface and deep
release reservoirs on alder tree leaf litter decomposition rates

Table 1. Number of studies that reported effect of reservoirs on biotic and abiotic factors and organic matter decompo-
sition in rivers.

Variable

Small weir Small reservoir Large reservoir

Increase Decrease
No
change Increase Decrease

No
change Increase Decrease

No
change

Width — 1ID — — — 4 — — —
Velocity — 2ID 1 — 2FD 3 — — 2
Temperature — — 3 1FD 1FD 4 — — 2
pH — — 3 1FD — 2 — — 3
Canopy cover — — 1 — — 3 — 1FD —
Fine sediment — — — — — 4 — — —
Oxygen — — 3 1FD — 5 — — 2
Conductivity — — 2 — 1FD 6 2FD,ID — 1
Alkalinity — — — — — 3 — — 2
Nitrates — — 3 — — 5 2FD,ID — —
Phosphates — — 2 — — 4 1FD — —
Ammonium — — 1 — — 2 1ID — —
Fungi diversity — — — 1FD — 3 — — —
Fungi abundance — — — 1FD 1FD 3 — — —
Invertebrate diversity — — — — 3FD 2 — — 1
Invertebrate density — — 1 — — 5 — — 2
Invertebrate shredders density — 2IU,ID — 1FD 1FD 3 — 1ID 1
Decomposition rate — 3IU,RES,ID — 1FD 5FD,RES — — 3ID,RES 1

Note: IU, immediate upstream; RES, reservoir; ID, immediate downstream; FD, further downstream.
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and found that the reservoir that released deep water caused
decomposition rate to significantly increase at the downstream
site, as a result of increase in water temperature, concentration of
dissolved inorganic nitrogen, and density of macroinvertebrate
shredders. However, the reservoirs that released surface water
caused decomposition rates to decrease at the downstream sites,
as a result of reduction in densities of shredding invertebrates.
The activities (e.g., metal contamination) taking place in an area
also influence organic matter decomposition rates in reservoirs.
For example, Colas et al. (2013) investigated tree leaf litter decom-
position rates in small reservoirs located in areas that received
different levels of metal contamination and found that decompo-
sition rates were reduced in contaminated reservoirs. With regard
to size of river, Abril et al. (2015) evaluated the effect of small weirs
and reservoirs, located on low- and high-order (Strahler 1957)
streams, on commercial wood sticks (Populus sp.) decomposition
rates and found that decomposition rates were only significantly
different between lotic and lentic reaches in high-order streams.
Seasonal differences in decomposition rates were also more
pronounced in high-order streams. The discrepancies between
streams in decomposition rates were attributed to variability in
factors such as water temperature, nutrient concentrations, and
water residence time. Similarly, Arroita et al. (2015) investigated
the effect of small weirs on leaf litter decomposition rates, during
different seasons, and found that decomposition rates were only
significantly different between impact and reference reaches in
winter. The authors also found that damming significantly re-
duced water discharge, width, and water depth, but did not affect
water quality. These effects on wetted river width and hydraulic
depth are termed ecosystem contraction, and they have been re-
ported to significantly influence biotic communities and lotic eco-
system functions (Dewson et al. 2007; Elosegi and Sabater 2013;
Mbaka and Schäfer 2016). In summary, studies assessing the effect
of water storage reservoirs should take into account the different
factors that affect organic matter decomposition in rivers.

Most studies (80%) evaluated decomposition of tree leaf litter.
This finding could be due to studies selectively focusing on the
most common and abundant riparian vegetation type in a study
area (Quintão et al. 2013; Mbaka and Schäfer 2016). Nevertheless,
decomposition of plant detritus is affected differently by reservoirs
(Carpenter et al. 1983; Quintão et al. 2013). For example, Pinna et al.
(2003) evaluated decomposition rates of reed (Phragmites sp.) and al-
der tree leaves in streams affected by reservoirs. The authors re-
ported that alder tree leaves decomposed significantly faster than
reed leaves, and decomposition rates for both plants were slower
at the study sites affected by reservoirs. Pomeroy et al. (2000)

compared leaf litter decomposition rates of native willow (Salix
sp.) and cottonwood (Populus sp.) to those of non-native cedar
(Tamarix sp.) at the downstream side of a large reservoir. The study
showed that leaf litter decomposition rates were slower than in
non-regulated river systems, and that there were significant dif-
ferences in the decomposition rates of different plant leaves, with
cottonwood having the fastest decay rate.

The leaf litter used in the reviewed studies was primarily (44.8%)
collected before or after natural abscission. Given that plant leaves
greatly change their constituents (e.g., secondary compounds and
nutrients) and quality during abscission (Sanger 1971; Lee and
Gould 2002), collection of leaf litter during different times can
have varied effects on breakdown of leaves by biotic communi-
ties, and affect comparability of decomposition rates across dif-
ferent dammed river systems. Ideally, leaf litter for assessment of
decomposition process in dammed river systems should be col-
lected when litter falls naturally, by using methods such as traps
(Muehlbauer et al. 2009).

The negative exponential decay model was more frequently
(63.3%) applied in organic matter decomposition studies. This
finding could be due to the reviewed studies mainly focusing on
parameters reflecting the speed of litter breakdown, although
models based on such parameters may not take into account
other aspects that influence the decomposition process (e.g., tem-
perature) (Gessner and Chauvet 2002; Menéndez et al. 2012). Use of
different models may be more useful because decomposition
rates may be better adjusted to certain models (Pozo et al. 2011;
Menéndezetal. 2012;Gonzálezetal. 2013). Forexample,Menéndezetal.
(2012) evaluated the effect of four small reservoirs on alder tree
leaf litter decomposition rate and found that the decomposition
dynamics between control and impacted sites were better ex-
plained by a linear than by an exponential model. Cho and Kong
(1998) evaluated the effect of reservoirs on 10 emergent macro-
phyte species decomposition rates using four decay models. The
authors found that an asymptotic decay model provided a better
estimate of the litter decomposition process in the littoral zone of
a reservoir.

Coarse mesh litter bags were more frequently (68.8%) used in
organic matter decomposition studies than fine mesh bags. This
finding may be due to studies primarily focusing on the decom-
position process mediated by invertebrate shredders. Never-
theless, use of fine mesh bags help to identify organic matter
breakdown by microorganisms (Nelson and Roline 2000). For ex-
ample, Nelson and Roline (2000) evaluated the decomposition rate
of aspen (Populus sp.) in a stream impacted by a large reservoir
using fine and coarse mesh litter bags. The authors found that the

Table 2. Effect size (Hedges' g) mean values and associated 95% confidence intervals (CI) for the effect of water storage reservoirs on habitat
variables, biotic communities (e.g.invertebrates), and organic matter decomposition in rivers.

Variable

Small weir Small reservoir Large reservoir

n g (95% CI) n g (95% CI) n g (95% CI)

Width — — 3 0.34 (−1.4 to 2.0)FD — —
Velocity 3 −1.82 (−3.85 to 0.21)IU,RES,ID 4 −0.27 (−1.38 to 0.83)FD 3 −0.02 (−1.96 to 1.92)ID,FD

Temperature 3 0.04 (−1.43 to 1.52)IU,RES,ID 4 −0.13 (−1.24 to 0.98)FD 3 0.49 (−1.25 to 2.24)ID,FD

pH 3 −0.20 (−1.69 to 1.28)IU,RES,ID 3 0.29 (−1.29 to 1.87)FD 3 −1.27 (−3.08 to 0.54)RES,ID,FD

Fine sediment — — 3 0.58 (−1.08 to 2.25)FD — —
Oxygen 3 −0.34 (−1.86 to 1.16)IU,RES,ID 4 −0.09 (−1.23 to 1.04)FD 3 0.83 (−0.77 to 2.44)ID,FD

Conductivity 3 0.04 (−1.43 to 1.52)IU,RES,ID 4 −0.04 (−1.14 to 1.06)FD 3 3.34 (1.05 to 5.62)ID,FD

Alkalinity — — 3 0.28 (−1.35 to 1.93)FD — —
Nitrates 3 −0.11 (−1.68 to 1.46)IU,RES,ID 4 0.18 (−0.91 to 1.28)FD — —
Phosphates 3 −0.02 (−1.78 to 1.73)IU,RES,ID 4 −0.18 (−1.28 to 0.91)FD — —
Invertebrate density — — 4 −0.55 (−1.21 to 0.11)FD — —
Invertebrate shredders density — — 4 −0.65 (−1.32 to 0.01)FD — —
Fungi density — — 4 −0.34 (−1.0 to 0.33)FD — —
Fungi diversity — — 3 0.21 (−0.71 to 1.13)FD — —
Leaf litter decomposition rate 3 −1.98 (−3.82 to −0.14)IU,ID,RES,CMB 6 −1.31 (−1.82 to −0.79)FD,CMB 3 −0.66 (−1.65 to 0.34)RES,ID,FD,CMB

Note: n, number of studies; IU, immediate upstream; RES, reservoir; ID, immediate downstream; FD, further downstream; CMB, coarse mesh bag.
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leaves protected from macroinvertebrates with fine mesh litter
bags did not demonstrate differences in decomposition rates
between study sites, suggesting that decomposition by microor-
ganisms was not significantly different. However, there were sig-
nificant differences in leaf litter decomposition rates in coarse
mesh litter bags between sites, suggesting that differences in mac-
roinvertebrate communities played a vital role in the decomposi-
tion process.

Organic matter decomposition is an important source of energy
for river food webs and has been proposed as a tool for assessing
ecosystem health (Gessner and Chauvet 2002). Therefore, for stud-
ies to comprehensively investigate the effect of water storage res-
ervoirs on rivers, they should take into consideration the effect on
habitat conditions, composition of organisms, and functional pro-
cesses, such as ecosystem metabolism and organic matter decom-
position (Rosenberg et al. 1997; Death et al. 2009; Aristi et al. 2014).
Importantly, the effect of small reservoirs on river health may be
better revealed by assessing organic matter decomposition because
effects on water quality may be limited (e.g., Mendoza-Lera et al.
2012; González et al. 2013; Mbaka and Schäfer 2016). In conclusion,
it is vital to assess the effect of water storage reservoirs on ecosys-
tem function, and structure, to better the detection of ecological
impacts, and conservation of different types of regulated river
systems.
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Belančić, A., Kepčija, R.M., Miliša, M., Moraj, A.P., and Habdija, I. 2009. Flow
velocity effect on leaf litter breakdown in Tufa depositing system (Plitvice
lakes, Croatia). Int. Rev. Hydrobiol. 94: 391–398. doi:10.1002/iroh.200811162.

Bonanomi, G., Senatore, M., Migliozzi, A., De Marco, A., Pintimalli, A.,
Lanzotti, V., and Mazzoleni, S. 2015. Decomposition of submerged plant litter
in a Mediterranean reservoir: A microcosm study. Aquat. Bot. 120: 169–177.
doi:0.1016/j.aquabot.2014.05.006.

Carpenter, J., Odum, W.E., and Mills, A. 1983. Leaf litter decomposition in a
reservoir affected by acid mine drainage. Oikos, 41: 165–172. doi:10.2307/
3544260.

Casas, J.J., Zamora-Muñoz, C., Archila, F., and Alba-Tercedor, J. 2000. The effect of
a headwater dam on the use of leaf bags by invertebrate communities. Regul.
Rivers Res. Manage. 16: 577–591. doi:10.1002/1099-1646(200011/12)16:6<577::
AID-RRR587>3.0.CO;2-P.

Castela, J., Ferreira, V., and Graça, M.A. 2008. Evaluation of stream ecological
integrity using litter decomposition and benthic invertebrates. Environ. Pol-
lut. 153: 440–449. doi:10.1016/j.envpol.2007.08.005. PMID:17923178.

Cho, K., and Kong, H. 1998. A comparative study on litter decomposition of
emergent macrophytes in the littoral zone of reservoir. Korean J. Biol. Sci. 2:
333–339. doi:10.1080/12265071.1998.9647427.

Colas, F., Baudoin, J., Danger, M., Usseglio-Polatera, P., Wagner, P., and Devin, S.
2013. Synergistic impacts of sediment contamination and dam presence on
river functioning. Freshw. Biol. 58: 320–336. doi:10.1111/fwb.12060.

Death, R.G., Dewson, Z.S., and James, A.B.W. 2009. Is structure or function a

better measure of the effects of water abstraction on ecosystem integrity?
Freshw. Biol. 54: 2037–2050. doi:10.1111/j.1365-2427.2009.02182.x.

Dewson, Z.S., James, A.B.W., and Death, R.G. 2007. Stream ecosystem function-
ing under reduced flow conditions. Ecol. Appl. 17: 797–808. doi:10.1890/06-
1901.1.

Ellis, L.E., and Jones, N.E. 2013. Longitudinal trends in regulated rivers: a review
and synthesis within the context of the serial discontinuity concept. Environ.
Rev. 21: 136–148. doi:10.1139/er-2012-0064.

Elosegi, A., and Sabater, S. 2013. Effects of hydromorphological impacts on river
ecosystem functioning: a review and suggestions for assessing ecological
impacts. Hydrobiologia, 712: 129–143. doi:10.1007/s10750-012-1226-6.

Fisher, S.G., and Likens, G.E. 1973. Energy flow in Bear Brook, New Hampshire:
an integrative approach to stream ecosystem metabolism. Ecol. Monogr. 43:
421–439. doi:10.2307/1942301.

Gessner, M.O., and Chauvet, E. 2002. A case for using litter breakdown to assess
functionalstreamintegrity.Ecol.Appl.12:498–510.doi:10.1890/10510761(2002)
012[0498:ACFULB]2.0.CO;2.

González, M.J., Mollá, S., Roblas, N., Descals, E., Moya, Ó., and Casado, C. 2013.
Small dams decrease leaf litter breakdown rates in Mediterranean mountain
streams. Hydrobiologia, 712: 117–128. doi:10.1007/s10750-012-1144-7.

Graça, M.A. 2001. The role of invertebrates on leaf litter decomposition
in streams - a Review. Int. Rev. Hydrobiol. 86: 383–393. doi:10.1002/1522-
2632(200107)86:4/5<383::AID-IROH383>3.0.CO;2-D.

Gurevitch, J., and Hedges, L.V. 1993. Meta-analysis: combining the results of
independent experiments. In Design and analysis of ecological experiments.
Edited by S.M. Scheiner and J. Gurevitch. Chapman and Hall, New York.
pp. 378–398.

Jansson, R., Nilsson, C., Dynesius, M., and Andersson, E. 2000. Effects of river
regulation on river-margin vegetation: a comparison of eight boreal riv-
ers.Ecol.Appl.10:203–224.doi:10.1890/1051-0761(2000)010[0203:EORROR]2.
0.CO;2.

Lee, D.W., and Gould, K.S. 2002. Why leaves turn red. Am. Sci. 90: 524–531.
doi:10.1511/2002.39.794.

Lieber, R.L. 1990. Statistical significance and statistical power in hypothesis
testing. J. Orthop. Res. 8: 304–309. doi:10.1002/jor.1100080221. PMID:2303964.

Maxted, J.R., McCready, C.H., and Scarsbrook, M.R. 2005. Effects of small ponds
on stream water quality and macroinvertebrate communities. New Zeal. J.
Mar. Freshw. Res. 39: 1069–1084. doi:10.1080/00288330.2005.9517376.

Mbaka, J.G., and Mwaniki, M.W. 2015. A global review of the downstream effects
of small impoundments on stream habitat conditions and macroinverte-
brates. Environ. Rev. 23: 257–262. doi:10.1139/er-2014-0080.

Mbaka, J.G., and Schäfer, R.B. 2016. Effect of small impoundments on leaf litter
decomposition in streams. River Res. Appl. 32: 907–913. doi:10.1002/rra.2924.

Mendoza-Lera, C., Larrañaga, A., Pérez, J., Descals, E., Martínez, C., Moya, O.,
et al. 2012. Headwater reservoirs weaken terrestrial—Aquatic linkage by
slowing leaf litter processing in downstream regulated reaches. River Res.
Appl. 28: 13–22. doi:10.1002/rra.1434.

Menéndez, M., Descals, E., Riera, T., and Moya, O. 2012. Effect of small reservoirs
on leaf litter decomposition in Mediterranean headwater streams. Hydrobio-
logia, 691: 135–146. doi:10.1007/s10750-012-1064-6.

Muehlbauer, J.D., LeRoy, C.J., Lovett, J.M., Flaccus, K.K., Vlieg, J.K., and Marks, J.C.
2009. Short-term responses of decomposers to flow restoration in Fossil
Creek, Arizona, U.S.A. Hydrobiologia, 618: 35–45. doi:10.1007/s10750-008-
9545-3.

Nelson, S.M., and Roline, R.A. 2000. Leaf litter breakdown in a mountain stream
impacted by a hypolimnetic release reservoir. J. Freshw. Ecol. 15: 479–490.
doi:10.1080/02705060.2000.9663770.

Nilsson, C., Reidy, C.A., Dynesius, M., and Revenga, C. 2005. Fragmentation and
flow regulation of the world’s large river systems. Science, 308: 405–408.
doi:10.1126/science.1107887. PMID:15831757.

Pascoal, C., and Cássio, F. 2004. Contribution of fungi and bacteria to leaf litter
decomposition in a polluted river. Appl. Environ. Microbiol. 70: 5266–5273.
doi:10.1128/AEM.70.9.5266-5273.2004. PMID:15345409.

Pinna, M., Sangiorgio, F., Fonnesu, A., and Basset, A. 2003. Spatial analysis of
plant detritus processing in a Mediterranean river type: the case of the
River Tirso Basin, Sardinia, Italy. J. Environ. Sci. 15: 227–240. doi:1001-
074202-0227-14.

Poff, N.L., and Hart, D.D. 2002. How dams vary and why it matters for the
emerging science of dam removal. BioScience, 52: 659–668. doi:10.1641/0006-
3568(2002)052[0659:HDVAWI]2.0.CO;2.

Pomeroy, K.E., Shannon, J.P., and Blinn, D.W. 2000. Leaf breakdown in a regu-
lated desert river: Colorado River, Arizona, U.S.A. Hydrobiologia, 434: 193–
199. doi:10.1023/A:1004081309986.

Pozo, J., Casas, J., Menéndez, M., Mollá, S., Arostegui, I., Basaguren, A., et al. 2011.
Leaf-litter decomposition in headwater streams: a comparison of the process
among four climatic regions. J. N. Am. Benthol. Soc. 30: 935–950. doi:10.1899/
10-153.1.

Quintão, J.M., Rezende, R.S., and Junior, J.F.G. 2013. Microbial effects in leaf
breakdown in tropical reservoirs of different trophic status. Freshw. Sci. 32:
933–950. doi:10.1899/12-112.1.

Rosenberg, D.M., Berkes, F., Bodaly, R.A., Hecky, R.E., Kelly, C.A., and
Rudd, J.W.M. 1997. Large-scale impacts of hydroelectric development.
Environ. Rev. 5: 27–54. doi:10.1139/a97-001.

Mbaka and Mwaniki 197

Published by NRC Research Press

E
nv

ir
on

. R
ev

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

M
ac

ha
ko

s 
U

ni
ve

rs
ity

 (
IN

A
SP

) 
on

 0
8/

21
/1

9
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

http://dx.doi.org/10.1016/j.jsames.2012.11.007
http://dx.doi.org/10.1016/j.scitotenv.2015.02.015
http://dx.doi.org/10.10071s10750-015-2626-3
http://dx.doi.org/10.1111/fwb.12385
http://dx.doi.org/10.1016/j.scitotenv.2014.06.124
http://dx.doi.org/10.1016/j.scitotenv.2014.06.124
http://dx.doi.org/10.1007/s11270-006-9253-4
http://dx.doi.org/10.1002/iroh.200811162
http://dx.doi.org/0.1016/j.aquabot.2014.05.006
http://dx.doi.org/10.2307/3544260
http://dx.doi.org/10.2307/3544260
http://dx.doi.org/10.1002/1099-1646(200011/12)16%3A6%3C577%3A%3AAID-RRR587%3E3.0.CO;2-P
http://dx.doi.org/10.1002/1099-1646(200011/12)16%3A6%3C577%3A%3AAID-RRR587%3E3.0.CO;2-P
http://dx.doi.org/10.1016/j.envpol.2007.08.005
http://www.ncbi.nlm.nih.gov/pubmed/17923178
http://dx.doi.org/10.1080/12265071.1998.9647427
http://dx.doi.org/10.1111/fwb.12060
http://dx.doi.org/10.1111/j.1365-2427.2009.02182.x
http://dx.doi.org/10.1890/06-1901.1
http://dx.doi.org/10.1890/06-1901.1
http://dx.doi.org/10.1139/er-2012-0064
http://dx.doi.org/10.1007/s10750-012-1226-6
http://dx.doi.org/10.2307/1942301
http://dx.doi.org/10.1890/10510761(2002)012%5B0498%3AACFULB%5D2.0.CO;2
http://dx.doi.org/10.1890/10510761(2002)012%5B0498%3AACFULB%5D2.0.CO;2
http://dx.doi.org/10.1007/s10750-012-1144-7
http://dx.doi.org/10.1002/1522-2632(200107)86%3A4/5%3C383%3A%3AAID-IROH383%3E3.0.CO;2-D
http://dx.doi.org/10.1002/1522-2632(200107)86%3A4/5%3C383%3A%3AAID-IROH383%3E3.0.CO;2-D
http://dx.doi.org/10.1890/1051-0761(2000)010%5B0203%3AEORROR%5D2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2000)010%5B0203%3AEORROR%5D2.0.CO;2
http://dx.doi.org/10.1511/2002.39.794
http://dx.doi.org/10.1002/jor.1100080221
http://www.ncbi.nlm.nih.gov/pubmed/2303964
http://dx.doi.org/10.1080/00288330.2005.9517376
http://dx.doi.org/10.1139/er-2014-0080
http://dx.doi.org/10.1002/rra.2924
http://dx.doi.org/10.1002/rra.1434
http://dx.doi.org/10.1007/s10750-012-1064-6
http://dx.doi.org/10.1007/s10750-008-9545-3
http://dx.doi.org/10.1007/s10750-008-9545-3
http://dx.doi.org/10.1080/02705060.2000.9663770
http://dx.doi.org/10.1126/science.1107887
http://www.ncbi.nlm.nih.gov/pubmed/15831757
http://dx.doi.org/10.1128/AEM.70.9.5266-5273.2004
http://www.ncbi.nlm.nih.gov/pubmed/15345409
http://dx.doi.org/1001-074202-0227-14
http://dx.doi.org/1001-074202-0227-14
http://dx.doi.org/10.1641/0006-3568(2002)052%5B0659%3AHDVAWI%5D2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2002)052%5B0659%3AHDVAWI%5D2.0.CO;2
http://dx.doi.org/10.1023/A%3A1004081309986
http://dx.doi.org/10.1899/10-153.1
http://dx.doi.org/10.1899/10-153.1
http://dx.doi.org/10.1899/12-112.1
http://dx.doi.org/10.1139/a97-001


Rosenberg, M.S., Adams, D.C., and Gurevitch, J. 2000. MetaWin: statistical soft-
ware for meta-analysis, version 2.0. Sinauer Associates, Sunderland,
Massachusets, USA.

Rueda-Delgado, G., Wantzen, K.M., and Tolosa, M.B. 2006. Leaf-litter decompo-
sition in an Amazonian floodplain stream: effects of seasonal hydrological
changes. J. N. Am. Benthol. Soc. 25: 233–249. doi:10.1899/0887-3593(2006)25
[233:LDIAAF]2.0.CO;2.

Sanger, J.E. 1971. Quantitative investigations of leaf pigments from their incep-
tion in buds through autumn coloration to decomposition in falling leaves.
Ecology, 52: 1075–1089. doi:10.2307/1933816.

Sanpera-Calbet, I., Chauvet, E., and Richardson, J.S. 2012. Fine sediment on
leaves: shredder removal of sediment does not enhance fungal colonisation.
Aquat. Sci. 74: 527–538. doi:10.1007/s00027-011-0245-0.

Short, R.A., and Ward, J.V. 1980. Leaf litter processing in a regulated rocky
mountain stream. Can. J. Fish. Aquat. Sci. 37: 123–127. doi:10.1139/f80-015.

Strahler, A.N. 1957. Quantitative analysis of watershed geomorphology. Trans.
Am. Fish. Soc. 38: 913–920. doi:10.1029/TR038i006p00913.

Suberkropp, K., and Chauvet, E. 1995. Regulation of leaf breakdown by fungi in

streams: influences of water chemistry. Ecology, 76: 1433–1445. doi:10.2307/
1938146.

Tuch, K., and Gasith, A. 1989. Effects of an upland impoundment on structural and
functional properties of a small stream in a basaltic plateau (Golan heights,
Israel). Regul. Rivers Res. Manage. 3: 153–167. doi:10.1002/rrr.3450030115.

Vannote, R.L., Minshall, G.W., Cummins, K.W., Sedell, J.R., and Cushing, C.E.
1980. The River Continuum Concept. Can. J. Fish. Aquat. Sci. 37: 130–137.
doi:10.1139/f80-017.

von Schiller, D., Aristi, I., Ponsatí, L., Arroita, M., Acuña, V., Elosegi, A., and
Sabater, S. 2015. Regulation causes nitrogen discontinuities in Mediterra-
nean rivers. Sci. Total Environ. 540: 168–177. doi:10.1016/j.scitotenv.2015.07.
017. PMID:26233271.

WCD. 2000. World Commission on Dams. Dams and Development. A New
Framework for Decision-making: the report of the World Commission
on Dams. Earthscan. Available from http://www.unep.org/dams/WCD/
report.asp.

Young, R.G., Matthaei, C.D., and Townsend, C.R. 2008. Organic matter break-
down and ecosystem metabolism: functional indicators for assessing river
ecosystem health. J. N. Am. Benthol. Soc. 27: 605–625. doi:10.1899/07-121.1.

198 Environ. Rev. Vol. 25, 2017

Published by NRC Research Press

E
nv

ir
on

. R
ev

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

M
ac

ha
ko

s 
U

ni
ve

rs
ity

 (
IN

A
SP

) 
on

 0
8/

21
/1

9
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

http://dx.doi.org/10.1899/0887-3593(2006)25%5B233%3ALDIAAF%5D2.0.CO;2
http://dx.doi.org/10.1899/0887-3593(2006)25%5B233%3ALDIAAF%5D2.0.CO;2
http://dx.doi.org/10.2307/1933816
http://dx.doi.org/10.1007/s00027-011-0245-0
http://dx.doi.org/10.1139/f80-015
http://dx.doi.org/10.1029/TR038i006p00913
http://dx.doi.org/10.2307/1938146
http://dx.doi.org/10.2307/1938146
http://dx.doi.org/10.1002/rrr.3450030115
http://dx.doi.org/10.1139/f80-017
http://dx.doi.org/10.1016/j.scitotenv.2015.07.017
http://dx.doi.org/10.1016/j.scitotenv.2015.07.017
http://www.ncbi.nlm.nih.gov/pubmed/26233271
http://www.unep.org/dams/WCD/report.asp
http://www.unep.org/dams/WCD/report.asp
http://dx.doi.org/10.1899/07-121.1

	Review
	1. Introduction
	2. Literature survey and data analysis
	3. Literature survey findings
	3.1. Database description
	3.2. Qualitative review
	3.3. Quantitative analysis

	4. Impact of reservoirs on organic matter decomposition in rivers

	Acknowledgements
	References


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages true
	/ColorSettingsFile (None)
	/AutoRotatePages /PageByPage
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 99
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 600
	/NeverEmbed [
		/Arial-Black
		/Arial-BlackItalic
		/Arial-BoldItalicMT
		/Arial-BoldMT
		/Arial-ItalicMT
		/ArialMT
		/ArialNarrow
		/ArialNarrow-Bold
		/ArialNarrow-BoldItalic
		/ArialNarrow-Italic
		/ArialUnicodeMS
		/CenturyGothic
		/CenturyGothic-Bold
		/CenturyGothic-BoldItalic
		/CenturyGothic-Italic
		/CourierNewPS-BoldItalicMT
		/CourierNewPS-BoldMT
		/CourierNewPS-ItalicMT
		/CourierNewPSMT
		/Georgia
		/Georgia-Bold
		/Georgia-BoldItalic
		/Georgia-Italic
		/Impact
		/LucidaConsole
		/Tahoma
		/Tahoma-Bold
		/TimesNewRomanMT-ExtraBold
		/TimesNewRomanPS-BoldItalicMT
		/TimesNewRomanPS-BoldMT
		/TimesNewRomanPS-ItalicMT
		/TimesNewRomanPSMT
		/Trebuchet-BoldItalic
		/TrebuchetMS
		/TrebuchetMS-Bold
		/TrebuchetMS-Italic
		/Verdana
		/Verdana-Bold
		/Verdana-BoldItalic
		/Verdana-Italic
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Average
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.0
	/GrayImageDownsampleThreshold 1.0
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 0
	/PreserveOverprintSettings false
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.0
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /RelativeColorimeteric
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


