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Abstract

Background: The seasonal variations in macroinvertebrate communities in tropical, temperate and subarctic regions
have been observed and well documented to date, but similar studies conducted in subtropical rivers at the regional
scale are relatively rare. In this paper, the macroinvertebrate communities from the main tributaries in the Three Gorges
Reservoir Catchment (TGRC) were investigated as a function of the four seasons to explore the temporal variations in
macroinvertebrate communities and further tests the temporal stability of certain metrics that are based on
macroinvertebrates under a routine bioassessment framework.

Results: The taxa richness reached the highest point in spring, followed by winter, autumn and summer. The
taxa Chironomidae, Heptageniidae, Corbiculidae and Baetidae dominated the communities across seasons. The
temporal variations in communities were mainly reflected in the changes in taxa proportions between seasons. The
percentages of the taxa Heptageniidae and Baetidae were the highest in autumn (normal discharge period) and lowest
in summer (high discharge period). The abundance of macroinvertebrates was the lowest in summer, increased
in autumn and winter, and then decreased in spring. Natural fluctuations of aquatic ecosystems (temporal effects)
resulted in variations that were apparent in macroinvertebrate-based metrics, such as EPT%, Baetidae%, Caenidae%,
Ephemerellidae% and Hydropsychidae%.

Conclusions: The results of our study demonstrated that the macroinvertebrate communities in the main tributaries of
the TGRC varied as a function of seasons. This variation was fundamentally similar to the seasonal patterns in subarctic
and temperate streams. Different hydro-morphological characteristics and water quality during the high discharge period
(summer), low discharge period (winter) and normal discharge period (spring and autumn) strongly affected
the distribution patterns of macroinvertebrate communities. Discharge variation among seasons resulted in
seasonal fluctuations in the density of macroinvertebrates. In the TGRC, autumn was the important hatching
period for mayflies (Ephemeroptera). The variations in metrics related to macroinvertebrates indicated that
temporal effects should not be neglected under a biomonitoring framework in future studies.
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Background

Macroinvertebrates are ubiquitous and diverse, allow for
the detection of a variety of perturbations in aquatic sys-
tems, and have relatively long life cycles when compared
to planktons; these characteristics make temporal scales

* Correspondence: 58249448@qq.com; chishiyun@gmail.com

'Key Laboratory of Ecological Impacts of Hydraulic-projects and Restoration
of Aquatic Ecosystem, Ministry of Water Resources, Wuhan 430079, People’s
Republic of China

“Institute of hydro-ecology, Ministry of Water Resources and Chinese
Academy of Sciences, Wuhan 430079, People’s Republic of China

( BioMed Central

of macroinvertebrate population response an appropriate
indicator for disturbance responses [1-4]. Although
macroinvertebrates are usually used as bio-indicators in
environmental or ecological assessments and present
several advantages compared to other aquatic organisms,
they are limited by various drawbacks and are influenced
by human stress and natural factors such as hydrological
regime, water temperature, light level, water chemistry,
food resources and habitat heterogeneity; these factors
present seasonal variations in communities due to
changes in species related to life history strategy [5-10].
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Nearly all facets of the life history of macroinvertebrates,
and consequently their distribution and abundance, are
influenced by water temperature, substrate type and
composition, hydraulic conditions and food availability.
In the natural aquatic system, the relative importance of
the facets that affect macroinvertebrates and the exact
pattern of seasonal variation in communities differ
among study cases or geographic location [4, 11]. There-
fore, seasonal changes in macroinvertebrate assemblages
can be large in some systems while small in others [12].
Accordingly, the seasonal effects on macroinvertebrate
community composition are important, should not be
neglected and should be taken into account for biomoni-
toring purposes [13, 14]. In tropical, temperate and sub-
arctic river or stream systems, seasonal variations in
macroinvertebrate assemblages have been observed and
well documented [8, 15-30]. However, most of these
investigations were confined to streams or rivers in tem-
perate and tropical areas, and subtropical rivers on the
regional scale have received much less attention [31, 32].

In China, investigations or studies related to the
seasonal variation in macroinvertebrate communities pri-
marily involved a single waterbody, and few study cases
were conducted in multiple waterbodies on a climatic re-
gional scale. The seasonal variations in density, biomass,
and diversity or taxa richness of macroinvertebrates were
usually simply described or analyzed, and the conclusions
varied among different study cases or bodies of water
within the same regional or climatic zone. These conflict-
ing results produced uncertainty over the bioassessment
confidence and precision when assessing the aquatic
ecological status with macroinvertebrate-based metrics
[33—38]. In this paper, with the background of carrying
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out the National Water Issues Three Gorges Reservoir
Special project during the Eleventh Five-Year Plan, the 27
main tributaries in the Three Gorges Reservoir Catchment
(TGRC) were investigated from 2010 to 2011 to explore
the temporal variations in macroinvertebrate communities
on a regional scale. The objective of this study was to de-
termine whether the macroinvertebrate communities from
the tributaries in the TGRC varied as a function of seasons
and to further test the temporal stability of certain metrics
based on macroinvertebrates under a routine bioassess-
ment framework. This study will provide a deeper under-
standing of the aquatic status in the future.

Methods

Study area

The TGRC lies in a 600-km mountain zone between the
cities Chongqing and Yichang, a transitional zone from
the Tibetan Plateau to rolling hills and plains. This zone
has a humid subtropical monsoon climate and an eleva-
tion of 800-2000 m. The TGRC has four distinct sea-
sons: warm winters, early springs, hot and dry summers,
and rainy, humid and foggy autumns. The mean annual
temperature is 16.5-19 °C, and the mean annual precipi-
tation is approximately 1100-1200 mm. The rainfall in
this region is abundant but unevenly distributed on the
temporal and spatial scale. For instance, the precipitation
from April to October accounts for over 80% of the total
annual rainfall (Fig. 1). The soil types comprise red soil,
yellow soil, and mountain yellow soil. With the Three
Gorges Dam (TGD) fully functional in 2010, the water level
of the reservoir ranged from 145 m to 175 m, while many
bays formed at the mouths of the many tributaries that ran
into the Yangtze River [39—41]. In this study, four surveys
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were conducted in the 27 main tributaries of the TGRC,
and all sampling sites were visited during each of the four
seasons. The spring data were collected in April 2010, the
summer data were collected in June 2011, the autumn data
were collected in August 2010, and the winter data were
collected in January 2011 (Additional file 1: Appendix 1
and Fig. 2).

Data collection

In each tributary, two to four sampling sites in principle
were set up from upstream to downstream. Macroinverte-
brate samples were randomly collected in riffle/run habi-
tats by a modified Surber sampler (0.1575 m? 500 pm
mesh). At each sampling site, two nets were collected and
merged to represent a single sample (total area 0.315 m?).
During the sampling period, some samples were missing
due to the absence of macroinvertebrates. A total of 241
samples were collected during the survey period. Samples
were placed into plastic wide-mouth bottles and fixed with
4% formalin. The fixed samples were then transported to
the laboratory after sorting for identification with an
Olympus microscope (BH-2, Japan) and Leica stereo-
microscope (EZ4D, Germany) [40]. The family level is
regarded to be the most sensitive when detecting commu-
nity change; it also has a reasonable trade-off between cost
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and discrimination, is achievable for most taxa, and can
be consistent among laboratories [4, 7, 12, 42, 43]. More-
over, identification to the family level is most appropriate
when samples contain many early instar larvae and are
thus difficult to identify to lower taxonomic levels [12].
Therefore, in our study, all specimens were identified to
or grouped into family levels. Water temperature (WT),
dissolved oxygen (DO), oxidation-reduction potential
(ORP), and conductivity (Cond) were measured in situ
with a multi-parameters analyzer (YSI 6600). Secchi depth
(SD) was measured in situ by a Secchi disc for analyzing
water transparency. The contents of chlorophyll a (Chl a)
in waterbodies were measured by ethyl alcohol spectro-
photometry in the laboratory.

Data treatment and analysis

The macroinvertebrate family-level richness (taxa rich-
ness), Shannon-Wiener index and density (ind m™2) were
calculated for each sampling site. Biodiversity was de-
scribed with the Shannon-Wiener index (H'): H' = =Y}
P;InP;, where P; is the relative abundance of the species i;
P;=N,/N, where N; is the density of the species i, n is the
number of species and N is the total density of the macro-
invertebrates [44]. Multivariate statistical analyses were
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performed using MjM PC-Ord version 6.0 software. For
visually displaying the differences among seasonal com-
munities, non-metric multidimensional scaling (NMDS)
was used to delineate the ordination as this technique was
found to be most robust when analyzing community data
[2, 45]. Rare taxa provide redundant information for ordi-
nations, and the final stress of an NMDS ordination
increases with sample size; therefore, prior to ordinations,
taxa occurring in <5% of samples were excluded to reduce
these biases [2, 12]. Prior to multivariate analysis, the
abundance data were log(x + 1) transformed to reduce the
effect of extremely abundant taxa [46]. The multivariate
analyses were performed with the default distance meas-
ure of Bray-Curtis similarity. Significance tests for differ-
ences in macro-invertebrate assemblages among seasons
(spring, summer, autumn, and winter) were undertaken
using Multi-Response Permutation Procedures (MRPP).
MRPP is a non-parametric procedure that is designed to
test for differences in multivariate responses among
groups and does not require multivariate normality and
homogeneity of variance, which are seldom met with eco-
logical community data [47]. The indicator taxa (families)
from different seasons were identified using the Indicator
Species Analysis (ISA) [48]. The ISA measures the fidelity
of taxa occurrence within groups with indicator values
(IV) for species in each group; these values range from 0
(no group indicator) to 100% (perfect group indicator).
The statistical significance for each species was tested with a
Monte Carlo randomization technique. Moreover, the
metrics based on taxa composition and abundance from the
different seasons were compared using a Kruskal-Wallis test
due to the heteroscedasticity of the data. This test assessed
the temporal stability under a bioassessment framework.
Furthermore, the macroinvertebrate density, taxa richness
and Shannon-Wiener index as a function of seasons were
also compared using the Kruskal-Wallis test to explore the
temporal dynamics with seasons [49]. The Kruskal-Wallis
tests were conducted by SPSS version 20.0 software.

Results

Water characteristics in the main tributaries

In the main tributaries of TGRC, the physical and chemical
properties of waterbodies changed with seasons. With the
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exception of pH, the differences in SD, WT, Chl a, DO,
ORP and Cond were found to be significant among seasons
(Kruskal-Wallis test, p < 0.01). The waterbodies had the
lowest transparency in summer and the highest transpar-
ency in winter. In summer and autumn, the waterbodies
had higher water temperatures. The contents of chlorophyll
a were highest in spring and lowest in winter. In spring and
summer, the waterbodies had relatively higher dissolved
oxygen concentrations, and in autumn and winter, the
waterbodies had relatively higher values of ORP when com-
pared to the other seasons. The values of Cond were the
lowest in spring while the highest in summer (Table 1).

Macroinvertebrate community composition

During the four seasons investigated, a total of 87 taxa
(family) were recorded in the 27 main tributaries of the
TGRC (Additional file 1: Appendix 2). The taxa richness
found during the four seasons varied (61 families in
spring, 40 families in summer, 47 families in autumn,
and 52 families in winter). The 10 most numerically
abundant taxa in each season are shown in Table 1. The
taxa Chironomidae, Heptageniidae and Baetidae were
very common and abundant in all four seasons and oc-
cupied the dominant positions in the macroinvertebrate
communities. The taxon Corbiculidae always appeared
in the list of the 10 most numerically abundant taxa but
with relatively small proportions. When combined with
data from all four seasons, the taxa Chironomidae, Hep-
tageniidae, Baetidae, Caenidae, Lymnaeidae, Tubificidae,
Leptophlebiidae, Corbiculidae, Hydropsychidae and Vivi-
paridae were the dominant taxa in the 27 main tributar-
ies of the TGRC (Table 2).

Temporal variation in communities

Prior to the NMDS analysis, rare taxa (occurrence at <5%
of sites) were removed from the family abundant data to
reduce the ordination biases. The three-dimensional stress
that was associated with the NMDS ordination based on
the log(x + 1) transformed abundant data was 0.1534, and
thus indicated that the plot gave a fair representation of
the associations among samples. In the NMDS biplot
(Fig. 3), the four-season sample groups were separated
from each other. According to the results of the MRPP

Table 1 Summary of the water parameters of the 27 main tributaries of TGRC

Seasons SD(cm) WT (°O) pH Chl a (ug/l) DO (mg/l) ORP (mv) Cond (uS/cm)
Spring 13169 + 112.87° 1596 + 1.84° 831 + 048° 10.53 + 25.06° 9.00 + 2.04° 145.85 + 45447 134.21 + 41.85°
Summer 5764 + 4924° 2235 + 343° 824 + 0.28° 582 +10.26° 882 + 1.89° 143.85 + 100.6” 305.09 + 141.79°
Autumn 136.64 + 52.03° 2002 + 2.87° 823 + 038% 7.76 £1021° 7.26 £ 149° 165.75 + 22.62° 288.23 + 78.94b°
Winter 239,69 + 73.18¢ 9.86 + 3.30° 826 + 032%° 1.15 + 2.03° 7.58 +0.77° 15412 + 38.02° 285.86 + 66.19b°
Chi-Square 163.955 420.838 5.844 174943 119.062 33.568 270117

p-value <0.001 <0.001 0.119 <0.001 <0.001 <0.001 <0.001

Note: Different letters represent significant differences, same letters represent nonsignificant differences
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Table 2 Proportion of individuals of the 10 most numerically
abundant macroinvertebrate taxa within the 27 main tributaries
of TGRC
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Table 3 Pairwise comparisons among four season
macroinvertebrate communities using the multi-response
permutation procedure (MRPP)

Taxon % of total individuals

Spring Summer Autumn Winter Total
Chironomidae 24.55 21.22 16.40 17.29 19.80
Heptageniidae 17.29 14.37 22.05 15.56 17.24
Baetidae 16.36 12.05 31.52 23.26 20.77
Caenidae 6.17 4.08 323
Lymnaeidae 397 2.84
Tubificidae 367 9.10 2.51 418
Ephemeridae 2.59 492
Leptophlebiidae 2.58 2.87 236 2.54
Corbiculidae 222 268 271 266 2.57
Tipulidae 1.90 283 3.86
Hydropsychidae 5.00 4.80 568 423
Elmidae 1.86
Viviparidae 1.80 5.75 2.73
Potamanthidae 1.58
Mytilidae 311
Ephemerellidae 2.58

tests (Table 3), the differences in communities from the
four seasons were very significant (p < 0.05), thus indicat-
ing that the macroinvertebrate taxa composition changed
with seasons. In light of the results of the ISA analysis, the
spring group was characterized by the taxa Caenidae,
Ceratopogonidae, unidentified Diptera and Chironomidae.
The taxon Planorbidae was the predominant taxa of the
summer group. The taxa Baetidae, Ecnomidae, Hepta-
geniidae and Leptoceridae characterized the autumn
group. The indicator taxa in the winter group were

Pair groups T A p
Autumn vs Summer -11.6299 0.0253 <0.0001
Autumn vs Spring —6.9442 0.0153 <0.0001
Autumn vs Winter —-3.7870 0.0075 0.0033
Summer vs Spring —7.5393 0.0167 <0.0001
Summer vs Winter —12.2007 0.0254 <0.0001
Spring vs Winter —7.6457 0.0158 <0.0001

Ephemerellidae, Tipulidae, Mytilidae, Hydropsychidae
and Limnephilidae (Table 4).

Temporal variation in metrics associated with taxa
composition, biodiversity and abundance

Among the metrics associated with taxa composition,
EPT% (Percentages of Ephemeroptera, Plecoptera and
Trichoptera), Baetidae%, Caenidae%, Ephemerellidae% and
Hydropsychidae% showed significant differences between
seasons (Kruskal-Wallis test, p < 0.05). EPT% and Baeti-
dae% reached their highest values in autumn, Caenidae%
reached their highest values in spring, and Ephemerelli-
dae% and Hydropsychidae% reached their maximum
values in winter. The other 5 metrics, including Chirono-
midae%, Heptageniidae%, Tipulidae%, aquatic insects% and
molluscs%, did not show significant differences between
seasons (Kruskal-Wallis Test, p > 0.05) (Fig. 4). The taxa
richness and Shannon-Wiener index showed strong
seasonal stability (Fig. 5). Moreover, the densities of macro-
invertebrates had significant temporal variations and
reached their minimum values in summer and maximum
values in winter (Fig. 6).

NMDS

Fig. 3 Ordination of sampling sites based on macroinvertebrate data. Sites were assigned to four season groups. Stress value = 0.1534

Season
H Spring
® Summer
B Autumn
u Winter
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Table 4 Indicator taxa and indicator values (IV) identified for
four season data using ISA analysis with Monte Carlo
permutation test (4999 runs)

Family name Seasons Indicator Value (IV) p-value
Caenidae Spring 255 0.0002
Ceratopogonidae Spring 17.8 0.0002
Unidentified Diptera Spring 18.8 0.0002
Chironomidae Spring 28.1 0.0258
Planorbidae Summer 121 0.0018
Baetidae Autumn 303 0.0004
Ecnomidae Autumn 11.8 0.0006
Heptageniidae Autumn 258 0.0286
Leptoceridae Autumn 6.9 0.0442
Ephemerellidae Winter 238 0.0014
Tipulidae Winter 22.1 0.002

Mytilidae Winter 11 0.0194
Hydropsychidae Winter 20.7 0.0282
Limnephilidae Winter 7.5 0.0398

Indicator species (p < 0.05)

Discussion
The results of our study showed that the macroinverte-
brate communities in the 27 main tributaries of the
TGRC varied with seasons. Among the four seasons, the
taxonomic richness that was determined on the family
level reached the highest point in spring, followed by
winter, autumn and summer. Seasonal patterns of mac-
roinvertebrates are largely a reflection of the seasonal
trends of the predominant organisms [50]. The top 10
predominant taxa compositions showed distinct tem-
poral variations as a function of seasons. Among them,
the taxa Chironomidae, Heptageniidae, Corbiculidae and
Baetidae were predominant across the four seasons and
thus showed a certain extent of temporal stability. The
temporal variations in communities were mainly reflected
by changes in taxa proportions between seasons, which
were confirmed by the results of the MRPP and ISA ana-
lyses. Moreover, the ordination plots based on NMDS
analysis also revealed four distinct seasonal assemblages
based on taxonomic composition. Studies showed that the
taxonomic level decided the direction and the amount of
seasonal variations in macroinvertebrate communities
[43], and the use of the family level contributed to a de-
crease in temporal variation [7]. This is because represen-
tatives of families are likely to be present throughout the
year, while lower taxa may be present at different times of
the year due to their life cycles [43]. However, in our
study, temporal variations in macroinvertebrate commu-
nities were still detected at the family level.

Strong seasonal variation among macroinvertebrates
was confined primarily to streams at low altitudes
(600-800 m) with the greatest monsoon rainfall [51].
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Meanwhile, hydro-morphological characteristics and the
water quality of aquatic systems largely determined
changes in macroinvertebrate communities [17]. In the
TGRC, the tributaries with elevations of 800-2000 m ex-
hibited different hydro-morphological characteristics and
water quality during the high discharge period (summer),
the normal discharge period (spring and autumn) and the
low discharge period (winter) [52, 53]. These differences
strongly  affected the distribution patterns of
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macroinvertebrate communities among different seasons
(Table 1) because, during the wet season, high discharge
usually triggers the drift behavior of some species and en-
hances the colonization of new species, thus bringing
out the temporal variations in the abundance of the
major taxa [17].

Studies showed that the highest concentrations of in-
dividuals from most major taxonomic groups were
found during the egg hatching season [6]. Mayflies
(Ephemeroptera) were more abundant during the dry
season and decreased during the wet season as a result
of being washed away [17]. The rational explanation for
this phenomenon is that the dry season, with low
current and relatively high water temperature, is often
the major hatching period for mayflies and thus results
in the rapid growth in individuals [17]. Our study
showed that the percentage of the taxa Heptageniidae
and Baetidae, which were involved in the top 10
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g
3
=
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-
T
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Fig. 6 Metrics of macroinvertebrate communities related to abundance
in four seasons during 2010-2011. Results of Kruskal-Wallis tests
are shown in the figure

predominant taxa composition, was highest (53.57%) in
autumn (the normal discharge period) and lowest
(26.42%) in summer (the high discharge period). Our re-
sults were slightly different from the previously de-
scribed observational results and inferred that autumn
was the important hatching period for mayflies.

Seasonal patterns in climate, such as precipitation and
insolation, result in within-year changes in the flow and
temperature of aquatic systems. These changes greatly
influence the timing of emergence, reproduction, growth
and development of many aquatic macroinvertebrates
and, in turn, influence the seasonal replacement of organ-
isms [54]. Thus, among the numerous environmental
conditions, discharge and water temperature are often
considered the important factors that contribute to the
marked seasonality in assemblage composition [7, 24, 25,
27, 55]. According to the theory “intermediate distur-
bances”, the season variations in discharge and water
temperature enhance species richness and maintain max-
imum species density. Discharge variation as a function of
seasons contributes to the changes of available habitats by
affecting areas of wetted perimeter in river systems, while
water temperature variation as a function of seasons re-
sults in disturbances to many species with different life
history strategies [24]. During the wet season, high dis-
charge events can cause severe population losses and
changes in the community composition and structure of
macroinvertebrates; spate-induced disturbances also in-
duce high variation in wet-season samples [31, 32]. The
fluctuations in densities of macroinvertebrates are associ-
ated with the unpredictable floods and different life histor-
ies of most macroinvertebrates in tropical areas. At
temperate latitudes, loss of organisms through flushing
during the spring thaw or summer emergence of aquatic
insects caused the density fluctuations of macroinverte-
brates; in the tropical areas, however, the interruption of
flow or low flow resulted in a marked reduction in density
[17]. Streams in monsoonal environments are subject to
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extreme seasonal variation in flow. Predictable floods and
spates in these areas are qualified as disturbances due to
their large magnitude and geomorphological effect [31]. In
the TGRC tributaries, which were located in a subtropical
region with altitudes from 800 to 1000 m, discharge vari-
ation among seasons was still an important factor that
caused the density fluctuations in macroinvertebrates. The
discharge of these tributaries is often large due to floods
that occur frequently in summer, and the density of mac-
roinvertebrates in summer declined by scouring when
compared to other seasons. The significant differences in
community composition among seasons reflected the dif-
ferent life history strategies of most macroinvertebrate
taxa [56].

Temporal changes in macroinvertebrate composition
have been related to life history patterns in the commu-
nity, and this relationship has been hypothesized to have
evolved in response to food availability and seasonal
changes in physicochemical factors [9]. Seasonal abun-
dance of food could strongly influence the life cycles of
the aquatic community and could result in the seasonal
variation in macroinvertebrate community composition
[6, 57]. The variations of food abundance as a function
of season can result in significant seasonal variations in
the abundance of certain taxa [7]. In tropical areas, the
end of each dry season and the start of the rainy season
experience the accumulation of allochthonous materials
such as leaves and twigs. The accumulation of these ma-
terials in riverbeds provides shelters, or habitats, and
food sources for macroinvertebrates [17]. In the TGRC
tributaries, leaves and twigs from mountain trees along
the riverbeds served as important shelters for some taxa,
especially mayflies and caddisflies, and the attached algae
were important food resources for scrapers. It was pos-
sible that these factors were the reasons why the percent-
ages of EPT taxa were high in all seasons and exhibited
significant temporal variations (Fig. 4a). In subarctic and
temperate streams, the abundance of macroinvertebrates
was low in mid-summer, increased in late summer and au-
tumn due to recruitment from the hatching and growth of
shredders that followed autumnal leaf input, and sharply
declined in spring due to associated adult emergence [19].
In our study, the abundance of macroinvertebrates was
the lowest in summer, increased in autumn and winter,
and then decreased in spring. The temporality of macroin-
vertebrates in these subtropical tributaries was fundamen-
tally similar to the seasonal patterns in subarctic and
temperate streams. In subtropical areas, such as Georgia,
USA, the number of EPT taxa showed high variation
among seasons, while chironomid richness demonstrated
decent seasonal stability [2]. In tropical forest streams,
such as those in Malaysia, relatively more EPT individuals
were found during the dry season when compared to the
wet season and the seasonality impact on EPT taxa was
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extremely evident [58]. In this study, the percentages of
EPT taxa, some mayflies such as Baetidae, Caenidae and
Ephemerellidae, and caddisflies such as Hydropsychidae
showed significant temporal variation (p < 0.01). The per-
centage of Chironomidae, however, displayed nonsignifi-
cant temporal variation (p = 0.079). This finding was
related to the seasonal changes in the life cycles of particu-
lar taxa, resulting in the seasonality changes in relative
abundances [59]. In subtropical monsoonal climate
streams, small body sizes, short life cycles and continuous
reproduction could be important strategies that ensure
the rapid resilience and persistence of macroinvertebrate
assemblages through time [31]. These factors may explain
why the percentage of Chironomidae abundance showed
nonsignificant temporal variation in the TGRC.

Macroinvertebrates are sensitive to watershed condi-
tions and exhibit sufficient stability in assemblage struc-
ture over time; these characteristics make them useful as
long-term monitors of aquatic system health and indica-
tors of water quality [3]. Seasonal changes in macroin-
vertebrate taxon abundances that are related to life
history introduce temporal variation into macroinverte-
brate community structure and can potentially confound
bioassessments [56]. In bioassessment framework, sea-
sonal variability should be taken into account for provid-
ing acceptable levels of confidence and precision [14,
60]. Some metrics did not change significantly with sea-
sons because certain representative species from differ-
ent orders were present in all seasons [13]. Furthermore,
certain metrics with pronounced seasonal variability lead
to the greatest criticism in biomonitoring [61]. Ignoring
natural seasonal variability in metrics can confound the
detection of anthropogenic environmental change and
affect the consistency and efficacy of metrics [2, 4, 6,
62]. In the streams of central Europe, a region domi-
nated by a temperate climate, most metrics based on
macroinvertebrates exhibited significant differences
among seasons [6]. In the streams located in central
western Georgia, USA, an area characterized by subtrop-
ical climate, the metrics related to compositional and
functional feeding group measurements also showed
high seasonal and annual variation [2]. In this paper, nat-
ural fluctuation of aquatic ecosystems (temporal effects)
resulted in variations in metrics such as EPT%, Baeti-
dae%, Caenidae%, Ephemerellidae% and Hydropsychi-
dae%. These results indicate that seasonal effects should
not be neglected under biomonitoring framework.

In climate regions with relatively high seasonal envir-
onmental variability or complex climatic patterns, the
macroinvertebrate fauna was always characterized by the
stochastic, unstable community structure in aquatic sys-
tems; within these systems, organisms had fast growth
and high colonization capacity, and showed strong tem-
poral variation or seasonality [31, 55]. For instance, the
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species richness and abundance were significantly higher
during the dry season than during the wet season in
tropical streams [22, 58]. Considerable seasonal and an-
nual variations were observed in the densities of the
major macroinvertebrate groups in the arctic and alpine
river systems [63]. In the temperate zone, macroinverte-
brate communities varied seasonally and displayed
significant seasonality [64]. In the TGRC tributaries, Chi-
ronomidae, Heptageniidae and Baetidae were the three
most numerous families across seasons, but their changes
in abundance as a function of season could induce strong
temporal variations among all macroinvertebrates. This
would cause temporal variations in a series of metrics
based on macroinvertebrates, and further demonstrates
that the seasonal effects in biomonitoring studies should
not be ignored in future studies. In the subtropical mon-
soonal climate streams of South America, community
composition and abundance of macroinvertebrates dif-
fered significantly between seasons [31]. This variation
was supported by our results, which showed that the effect
of seasons on macroinvertebrate communities were very
strong in subtropical monsoonal areas.

Conclusion

The temporal variations in macroinvertebrate communi-
ties in the main tributaries of the TGRC were significant,
and Chironomidae, Heptageniidae, Corbiculidae and
Baetidae dominated the communities across seasons.
The changes in taxa proportions caused the temporal
variations in the communities, and the temporal varia-
tions could be detected at the family level. The different
hydro-morphological characteristics and water quality
during different seasons strongly affected the distribu-
tion patterns of macroinvertebrate communities, and au-
tumn was the important hatching period for mayflies in
the TGRC. Discharge variation among seasons was an
important factor for the density fluctuations of macroin-
vertebrates. In the TGRC tributaries, the temporal vari-
ation patterns of macroinvertebrates were fundamentally
similar to the seasonal patterns in subarctic and temper-
ate streams. Natural fluctuations in aquatic ecosystems
(temporal effects) resulted in variations in some
macroinvertebrate-based metrics and indicated that sea-
sonal effects should not be neglected under biomonitor-
ing framework. Furthermore, our results also supported
the observation that seasonal effects on macroinverte-
brate communities were very strong in subtropical mon-
soonal areas.

Additional file
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