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a b s t r a c t
Glycerol dialkyl glycerol tetraethers (GDGTs) and bulk organic geochemical parameters were examined
for a short core from the Bohai Sea, a Yellow River-dominated continental margin. A three end member
mixing model using branched/isoprenoid tetraethers (BIT) index, d13C and C/N shows that the average
fractions of soil, marine and plant organic matter (OM) during the period of 1933–2011 are 67.7% (38–
92%), 26.1% (0–58%) and 6.2% (0–23%), respectively. Abrupt changes of sedimentary OM compositions
around 1953, 1976 and 1996 are synchronous with the Yellow River mouth relocations. The BIT index
values (0.33–0.80) present a stronger correlation with crenarchaeol abundance (R2 = 0.88) than branched
GDGTs abundance (R2 = 0.27), suggesting that variations of marine Thaumarchaeota abundance rather
than soil OM inputs is the ﬁrst order factor controlling the BIT index values, although this proxy has been
widely used for soil OM. The comparison between the BIT index, nutrient status and historical Yellow
River sediment load indicates that the high sensitivity of the BIT index to the Yellow River channel shifts
cannot be explained by a nutrient stimulation mechanism, but instead is likely caused by the restriction
of Thaumarchaeota growth in highly turbid water due to the enormous sediment inputs from Yellow
River. Our study demonstrates that local conditions should be considered when applying the BIT index
as an environmental proxy.
Ó 2013 Elsevier Ltd. All rights reserved.

1. Introduction
Estuaries and continental margins are key locations for the global carbon cycle since over 90% of organic carbon preserved in
modern marine sediments is buried there (Hedges et al., 1997).
The relative amount of allochthonous terrigenous organic matter
(OM) in such environments is inﬂuenced by many factors, at least
including river sediment load, distance to river mouth, relative sea
level, marine primary productivity and early diagenesis (Hedges
et al., 1997; Gordon and Goñi, 2004; Herfort et al., 2006). A variety
of proxies based on bulk geochemical properties such as total organic carbon (TOC), stable carbon and nitrogen isotopes (d13C,
d15N) and the organic carbon to nitrogen ratio (C/N) as well as
molecular biomarkers such as long chain n-alkanes, lignin phenols
and long chain alkenones have been proposed to distinguish OM
sources (Meyers, 1997; Pancost and Boot, 2004). Since each proxy
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has intrinsic drawbacks, multiproxy approaches provide more
accurate environmental and climatic information (Meyers, 1997).
Recently, a novel biomarker proxy, the so-called branched and
isoprenoid tetraether (BIT) index, was introduced to track terrigenous (more speciﬁcally soil) OM in marine environments (Hopmans et al., 2004; Weijers et al., 2006). This index is based on
the relative abundance of branched glycerol dialkyl glycerol tetraethers (GDGTs) versus isoprenoid GDGT, namely crenarchaeol (Sinninghe Damsté et al., 2002). Branched GDGTs are predominantly
biosynthesized by soil/peat bacteria (Hopmans et al., 2004; Weijers
et al., 2006), while crenarchaeol is speciﬁc for non-extremophilic
Thaumarchaeota (previously identiﬁed as Group I Crenarchaeota)
(Sinninghe Damsté et al., 2002; Spang et al., 2010). The BIT index
is calculated as the following equation:

BIT intex ¼

I þ II þ III
I þ II þ III þ IV

where I, II, III and IV correspond to the GDGT structures in Fig. 1.
The BIT index value is generally > 0.9 in soils/peats and 0 in marine sediments without signiﬁcant ﬂuvial inputs (Hopmans et al.,
2004; Weijers et al., 2006). Since its advent, the BIT index has been
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Fig. 1. Structures of branched (I–III) and isoprenoid (IV) GDGTs used for the BIT
index.

increasingly used to estimate soil OM for different environments
(e.g., Herfort et al., 2006; Kim et al., 2006, 2012; Schouten et al.,
2007; Weijers et al., 2009; Zhao et al., 2011).
However, several issues can complicate interpretation of the BIT
index for soil OM (Walsh et al., 2008; Smith et al., 2012; Wu et al.,
2012). First, as the BIT index is a ratio, its value is inﬂuenced by not
only changes in the input of soil OM but also relative variations in
aquatic Thaumarchaeota abundance (Fietz et al., 2011a; Smith
et al., 2012). Second, selective degradation may substantially alter
the BIT index values. It has been reported that degradation rates of
crenarchaeol are 2-fold higher than those of soil derived branched
GDGTs under long term oxygen exposure (Huguet et al., 2008,

2009). During the transport from land to sea, complex processes
(e.g., hydrodynamic sorting, microbial degradation) can degrade
branched GDGTs to a greater extent than other organic geochemical proxies, resulting in underestimation of soil OM based on the
BIT index (Zhu et al., 2011). Third, branched GDGTs, although predominantly derived from soil/peat, may be in situ productions in
lakes and rivers (Peterse et al. 2009; Zhu et al., 2011; Fietz et al.,
2012; Zell et al., 2013). Therefore, more studies are needed to
understand sources and distributions of GDGTs in different environments as well as their applicability as environmental proxies.
The Yellow River (YR) dominated continental margin provides
an ideal venue to study the biogeochemical cycle of terrigenous
OM in seas. YR is the world’s second largest river in terms of sediment load and carries a long term average of 1.1  109 t sediment
to the sea per year, strongly inﬂuencing northeast Chinese marginal seas (Milliman et al., 1987; Zhang et al., 1995). This annual
sediment load, however, sharply decreased to 0.15  109 t after
1950 (Wang et al., 2007). One remarkable feature of YR is frequent
channel shifting due to high sediment load, relatively steep river
channel gradients in the lower reaches and intensive human interference (Saito et al., 2001). Since YR began ﬂowing into Bohai Sea in
1855, its mouth has shifted more than 50 times (Qiao et al., 2011).
Several studies have been carried out to reconstruct long term
Holocene sediment evolution of the YR delta (Saito et al., 2001;
Liu et al., 2004; Wang et al., 2007; Qiao et al., 2011). However,
the effect of short term events (e.g., YR channel shift) on the dispersal and deposition of OM in the adjacent seas has rarely been
reported (Yang et al., 2009). In this study, we analyzed GDGTs
and bulk organic geochemical parameters in a short core from
the southern Bohai Sea (Fig. 2). Our main objectives are to reconstruct high resolution variability of terrigenous and marine OM

Fig. 2. Typical channel changes of the Yellow River since 1930 and the location of sampling site (black dot) in the Bohai Sea.
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over the past eight decades and understand mechanisms controlling OM distributions and burial in such a dynamic continental
margin.

of 0.2 ml/min was used. Quantiﬁcation of GDGTs was obtained
by comparison of the [M + H]+ peak areas of individual GDGT to
the internal standard. Duplicate measurements show that the analytical reproducibility of the BIT index is better than 0.02.

2. Sampling and analytical methods
2.1. Study area and sampling
The Bohai Sea is a semi-enclosed shallow sea in North China
with a surface area of 77,000 km2 and an average water depth of
18 m (Sun et al., 2011). Since 1855, YR, although shifting its channel frequently, constantly drained into the Bohai Sea (Saito et al.,
2001; Qiao et al., 2011). In July 2011, a 65 cm long piston core
(BH-01; 119°18.9990 N, 37°30.9060 E) was collected in the Laizhou
Bay (southern Bohai Sea) (Fig. 2). The sediments are predominantly
composed of silt and clay, while sand only accounts for minor fractions. The core was sectioned at every 1 or 2 cm on the ship and
transported to the lab within 48 h. All the samples were kept at
20 °C until further analyses.
2.2.

137

Cs and

210

Pb dating

The detailed methods for 137Cs and 210Pb dating (half-life
22.3 years) have been described by Bao et al. (2010). Brieﬂy, about
5 g of dried sediments were used for 137Cs and 210Pb measurements. The activities of 210Pb, 226Ra and 137Cs were determined
by a low background c-ray spectrometer with a high pure Ge semiconductor (ORTEC Instruments Ltd., USA). The measurement precisions of 137Cs and 210Pb were ca. ± 5% and ± 10% at the 95% level of
conﬁdence, respectively. A total of 40 samples were used for the
radionuclide measurement.
2.3. Elemental and stable isotope analyses
The sediments were freeze dried and ground into ﬁne powder.
After the addition of excess 1 N hydrochloric acid to completely
remove inorganic carbon, TOC and TN were measured by an
Elementar Vario EL element analyzer, while d13C compositions
were run on a Flash EA1112HT coupled with MAT253 (Thermo
Fisher Scientiﬁc, Inc). The standard deviations based on the
replicate analyses were 0.02% for TOC, 0.005% for TN, and 0.15‰
for d13C.
2.4. GDGTs extraction and analyses
After the addition of 600 ng C46 GDGT as an internal standard
(Huguet et al., 2006), 10 g of freeze dried sediments were ultrasonically extracted (3) with 20 ml dichloromethane:methanol (3:1
v:v). The combined extracts were rotary evaporated to near
dryness and separated into two fractions over a silica gel column
with 10 ml hexane:dichloromethane (9:1 v:v) and 10 ml dichloromethane:methanol (1:1 v:v). The second fraction containing
GDGTs was dried under a mild nitrogen stream, ultrasonically dissolved in hexane:propanol (99:1 v:v) and ﬁltered through a PTFE
ﬁlter (0.45 lm pore size). An Agilent 1200 high performance liquid
chromatograph-atmospheric pressure chemical ionization-Agilent
6460 triple quadrupole mass spectrometer (HPLC-APCI-MS) was
used for the analyses. The injection volume was 5 ll. Separation
of the compounds was achieved in normal phase on an Alltech
Prevail Cyano column (150 mm; 2.1 mm; 3 lm). The GDGTs were
eluted isocratically with 90% hexane (solution A) and 10%
hexane:isopropanol (9:1 v:v) (solution B) for the ﬁrst 5 min, and
a linear gradient to 1.8% isopropanol in 45 min. After each run,
the column was cleaned by 100% solution B for 10 min, and then
equilibrated with solution A:B (90:10, v:v). A constant ﬂow rate

3. Results
3.1. Radionuclide activity proﬁles and geochronology
In the BH-01 core, the 210Pbexcess activities declined downward,
whereas 226Ra activities remained nearly constant with a mean
value of 55.6 Bq/kg (Fig. 3). The plots of depth (cm) versus
210
Pbexcess (Bq/kg) revealed a mean sedimentation rate of
1.04 cm/yr based on a constant initial concentration (CIC) model
(Kirchner, 2011).
The depth proﬁle of 137Cs activity showed maximum peaks at
41.5 cm (Fig. 3), corresponding to the maximum atomic weapon
testing in 1963 (Kirchner, 2011). The ﬁrst continuous appearance
of detectable 137Cs at 50 cm depth likely corresponds to 1952 when
ﬁrst atomic weapon test was conducted. Based on these two age
markers, the calculated mean sedimentation rate is 0.87 cm/yr
from 41.5–0 cm and 0.73 cm/yr from 65–41.5 cm.
Chronologies from the 210Pbexcess and 137Cs parameters are generally consistent with difference of < 5 years for the upper section
(25–0 cm). The age offset increased up to 15 years for the bottom
of the core. Given that the greatest YR channel shift occurred in
1976 (Fig. 2) and there is a relatively poor R2 value (0.54) for the
CIC model (Fig. 3), the sedimentation rate of the lower section is
likely different from that of the upper section. Thus the age model
used in this study is based on the 137Cs activity, which suggests
that the BH-01 core represents the period from 1933 to 2011. A total of 48 samples were analyzed and the time resolution is about
1 year/cm.

3.2. Bulk organic matter properties
The TOC content of the BH-01 core varied from 0.21–0.32%,
agreeing with the previous reports for Bohai Sea sediments (Hu
et al., 2009; Sun et al., 2011). The TOC content remained at relatively low values (0.21–0.26%) prior to 1964 (Fig. 4). Afterwards,
this proxy increased to 0.31% in 1979 and stayed at relatively higher levels for the past three decades except for a drop in 1996. The
TN content varied from 0.017–0.035% throughout the core, displaying a similar pattern to TOC (r = 0.85; p < 0.001).

Fig. 3. Depth proﬁles of
southern Bohai Sea.

137

Cs,

226

Ra and excess

210

Pb activities in the BH-01 core,
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Fig. 4. Distributions of bulk organic geochemical parameters in the BH-01 core,
southern Bohai Sea.

The C/N ratio is an indicator for distinguishing terrigenous versus marine OM since vascular plants are abundant in cellulose and
lignin and have C/N values of > 15, while protein rich algae have
values of 5–8 (Meyers, 1997). In the BH-01 core, the C/N ratio ranged from 8.5–12 (Fig. 4), suggesting mixed contributions of terrigenous and marine OM. This proxy increased upwards and stayed at
a relatively high level from 1958 to 1964. Afterwards, the C/N ratio
decreased and reached a minimum value in 1977. The period from
1977 to 2011 is characterized by relatively low C/N values with an
average of 9.7.
The organic d13C value has been widely used to estimate relative abundance of terrigenous and marine OM because C3 land
plants and marine plankton have a mean d13C values of 27‰
and 20‰, respectively (Fry and Sherr, 1984). In the BH-01 core,
the d13C values fell in a narrow range from 22.5‰ to 23.4‰, also
reﬂecting mixed inputs of terrigenous and marine OM (Fig. 4).
3.3. GDGT abundances and the BIT index
Throughout the BH-01 core, the concentrations of total,
branched and isoprenoid GDGTs ranged from 67–170 ng/g dry
weight sediment (dws), 30.7–83.4 ng/g dws and 17.9–108 ng/g
dws, respectively. Crenarchaeol, a biomarker for aquatic Thaumarchaeota (Sinninghe Damsté et al., 2002; Spang et al., 2010),
varied in abundance from 8.3–64.5 ng/g dws with an average of
29.4 ng/g dws, while the concentration of branched GDGTs
I + II + III (Fig. 1) ranged from 19.7–53.8 ng/g dws with an average
of 35.6 ng/g dws (Fig. 5). Based on the GDGTs distributions, the BIT
index values presented a wide range from 0.33–0.80.
4. Discussion
4.1. Implication of the BIT index in the YR dominated continental
margin
Based on the BIT index values, the BH-01 core can be divided
into ﬁve zones: Zone 1 (1933–1953): moderate BIT index values
from 0.39–0.43; Zone 2 (1953–1964): lowest BIT index values from
0.33–0.36; Zone 3 (1964–1976): relatively low but increasing BIT
values from 0.35–0.54; Zone 4 (1976–1997): the highest BIT index
values from 0.74–0.80; and Zone 5 (1997–2011): relatively high
but decreasing BIT index values from 0.76–0.48. Since the transport of soil OM to seas is mainly by rivers, the BIT index in marine
sediments is usually connected to the river discharge (Kim et al.,

Fig. 5. Age proﬁles of (a) the Yellow River annual sediment load (Wang et al., 2007),
(b) branched GDGTs I + II + III concentrations, (c) crenarchaeol concentrations and
(d) the BIT index values in the BH-01 core, Bohai Sea. Four major Yellow River
channel shifts (marked with stars) after 1950 occurred in 1953, 1964, 1976 and
1996 (see Fig. 1 for details).

2007). In this case, YR is the most important corridor and accounts
for over 90% of the terrigenous material to the Bohai Sea (Ren,
2006; Qiao et al., 2011). The BIT index in the BH-01 core, however,
presents a different pattern compared to the historical YR sediment
load (Fig. 5). Since 1950, the YR annual sediment load has substantially decreased from 20  108 t to 0.2  108 t, while the BIT index
values displayed an abrupt increase in 1976 and a rapid decrease
around 2000 (Fig. 5). Unexpectedly, the BIT index values remained
relatively constant within each zone, although the YR sediment
load continuously declined (Fig. 5). These disparities demonstrate
that the sediment load (or river discharge) is not the ﬁrst order factor controlling the BIT index in the BH-01 core. Instead, we note
that four pronounced BIT index oscillations in 1953, 1964, 1976
and 1998 are all synchronous with historical YR course shifts within the uncertainty of our dating (Fig. 5) (Pang and Si, 1979; Wang
et al., 2007).
Why are the BIT index values in the BH-01 core highly sensitive
to the YR channel shifts? One possible reason is that the YR mouth
relocation will reduce or increase the distance to the sampling site,
and thereby deposit more or less terrigenous OM there. However,
since the BIT index is a ratio of branched versus isoprenoid GDGTs
(Hopmans et al., 2004), its value is inﬂuenced by not only ﬂuvial
soil OM inputs but also marine Thaumarchaeota abundance
(Walsh et al., 2008; Fietz et al., 2011b; Smith et al., 2012). In the
BH-01 core, the BIT index shows a much stronger correlation with
crenarchaeol abundance (R2 = 0.88) than branched GDGT abundance (R2 = 0.27) (Fig. 6). The relative magnitude of variation in
crenarchaeol abundance (7.8; from 8.3-64.5 ng/g dws) is also substantially greater than the variation in branched GDGT abundance
(2.7; from 19.7–53.8 ng/g dws) (Fig. 5). These facts support the
proposition that large changes of marine Thaumarchaeota abundance control the BIT index values, as was similarly observed for
the Louisiana Continental Shelf (Smith et al., 2012) and other marginal seas (Fietz et al., 2011a, 2012 and references therein).
Large river dominated continental margins are areas undergoing the most intensive interaction between land and sea. Recent
studies found that some of marine Thaumarchaeota are nitriﬁers
and their abundance is dependent on primary productivity (Wuchter et al., 2006; Sinninghe Damsté et al., 2009; Fietz et al., 2011b).
Thus enhanced nutrient inputs can stimulate primary productivity
in continental margins and increase Thaumarchaeota abundance.
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ðd13 CÞsed ¼ fsoil ðd13 CÞsoil þ fplant ðd13 CÞplant þ fmar ðd13 CÞmar
With an additional mass balance equation:

fmar þ fsoil þ fplant ¼ 1

Fig. 6. Cross plots of the logarithmic values of the BIT index versus (a) branched
GDGTs and (b) crenarchaeol concentrations in the BH-01 core, Bohai Sea.

Consequently, more crenarchaeol is biosynthesized and deposited
in sediments, lowering the BIT index values (Walsh et al., 2008;
Smith et al., 2012). In the BH-01 core, higher N contents were observed after the 1970s (Fig. 4), corresponding to recent eutrophication in the Bohai Sea due to enormous inputs of industrial
wastewater and domestic sewerage (Jiang et al., 2005). However,
the period from the 1970s to the 1990s is characterized by the lowest crenarchaeol abundance (even normalized to organic carbon)
and the highest BIT index values (Fig. 5). This unexpected phenomenon suggests that the commonly used nutrient stimulation mechanism cannot explain the BIT index variations in the Bohai Sea.
Considering that YR is the most turbid large river in the world, in
which the suspended sediment concentration has an average of
25.5 kg/m3 and may attain 220 kg/m3 during the ﬂood season
(Ren and Shi, 1986), we propose that highly turbid ﬂow in the estuary plays a key role in the BIT index values. When the river mouth
shifts closer (further) to the study site, highly turbid ﬂow carries
more (less) sediments to the sampling site and thus reduces (increases) water transparency, providing undesirable (favorable)
conditions for marine planktons (including Thaumarchaeota)
growth (Turner et al., 1990). As a result, less (more) crenarchaeol
accumulates in the Bohai Sea sediments. This, along with increasing (decreasing) inputs of soil derived branched GDGTs, ampliﬁes
the magnitude of variations in the BIT index values.

where fsoil, fplant and fmar are the fractions of soil, plant and marine
OM, respectively. The marine end member values used are 20.9‰
for d13C (Fry and Sherr, 1984; Cai and Cai, 1993), 6.7 for C/N (Hu
et al., 2009) and 0 for the BIT index (Hopmans et al., 2004). For plant
end member values, we used 0 for BIT since no GDGTs are present in
plants (Hopmans et al., 2004), 30 for C/N (Weijers et al., 2009) and
27‰ for d13C given the predominance of C3 plants in the middle to
lower YR reach. The C/N ratio has a considerable range in soil from
the Chinese Loess Plateau, which accounts for 90% of YR sediments
(Ren, 2006). Lu and Liang (2011) analyzed C/N in three soil proﬁles
from the central Chinese Loess Plateau, which showed C/N ratios
varying from 8–12. Based on this, an average C/N value of 10 was
used for the soil end member. It has been reported that particulate
organic carbon in the lower YR had a mean d13C value of 24.9‰,
which is close to that of modern soils in Chinese loess (Cai and
Cai, 1993). Thus this value was used for the soil d13C end member.
The BIT index value for the soil end member is 0.91 based on a survey of global soils (Weijers et al., 2006).
The results from the three end member mixing model showed
that the average, minimum and maximum fractions of soil, plant
and marine derived OM in the BH-01 core were 67.7% (38–92%),
26.1% (0–58%) and 6.2% (0–22%), respectively (Fig. 7). The application of the three end member mixing model resulted in four negative values (3.0% to 0.1%) for the plant or marine OM
estimations, likely reﬂecting uncertainty of the end member values
used. Since these values are close to 0, we set them as zero. Compared to other large river fans adjacent to the Congo River (Weijers
et al., 2009) and the Mississippi and Atchafalaya rivers (Gordon
and Goñi, 2004), the sediments in the Bohai Sea consisted of
remarkably high soil OM components and exceptionally low plant
OM components, which was attributed to sparse vegetation cover
and severe soil erosion in the arid and semiarid Chinese loess plateau (Jiao et al., 2011). This result also agrees well with the ﬁnding
of Xia and Zhang (2011) who suggested that particulate organic
carbon in YR was mainly from soil erosion.
The OM composition in the BH-01 core exhibits the largest
change around 1976, when the soil OM fractions sharply increased
from 47% to 92% (Fig. 7). This change is synchronous with the
southward shift of the YR mouth from Diaokou to Qingshuigou
(Fig. 2). When the river mouth moved closer to the BH-01 site,

4.2. Estimation of organic matter sources using d13C, C/N and BIT
A two end member mixing model based on d13C or C/N has been
widely used to estimate the relative amount of terrigenous and
marine OM (Hedges et al., 1997 and references therein). However,
this approach has considerable uncertainty due to the highly heterogeneous nature of terrigenous OM (Gordon and Goñi, 2003;
Holtvoeth et al., 2005; Weijers et al., 2009). Soil OM, although
mainly derived from plant litter, is distinguished from plant OM
by elemental, isotopic and chemical compositions because of
humiﬁcation and mineralization of plant litter. Thus, a three end
member (soil, plant and marine OM) mixing model is needed. Here
we used the model developed by Weijers et al. (2009) to estimate
the relative amount of soil, plant and marine OM in the Bohai Sea,
which was expressed as follows:

BITsed ¼ fsoil BITsoil þ fmar BITmar
ðC=NÞsed ¼ fsoil ðC=NÞsoil þ fplant ðC=NÞplant þ fmar ðC=NÞmar

Fig. 7. Estimations of soil, marine and plant organic matter fractions in the BH-01
core based on the d13C, BIT index and C/N proxies.
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enormous amounts of YR ﬂuvial materials was transported and
deposited there, resulting in an abrupt increase of terrigenous
OM fractions. In contrast, a substantial decrease in the soil OM
fraction from 87% to 56% occurred from 1996 to 2000, which was
likely caused by the northward shift of the YR course in 1996
(Fig. 2). This northward relocation of the YR mouth increased the
distance to the BH-01 site and thus decreased terrigenous inﬂuence there. Another change of the OM compositions, despite moderate, was observed in the early 1950s when the soil OM fraction
decreased from 48% to 38%. This shift again coincided with the
northward relocation of the YR channel in 1953 (Fig. 2). These results strongly suggest that the YR channel shift is an important
driving force for redistribution of OM in the Bohai Sea.
5. Conclusions
The BIT index has been increasingly applied for tracking soil OM
in different marine environments. Here we reconstruct high resolution variability of the BIT index in the Bohai Sea, a Yellow River
dominated continental margin, for the past eight decades. Based
on the GDGT data, bulk geochemical parameters and 137Cs and
210
Pb activities, three conclusions can be drawn.
Soil OM represents a principal component of sedimentary OM
in the core with an average of 67.7%, followed by marine OM
(26.1%) and plant OM (6.2%). Such low contributions of plant OM
are remarkably different from other large river fans elsewhere,
likely attributed to sparse vegetation cover and severe soil erosion
in the arid and semiarid Chinese Loess Plateau.
The OM compositions display abrupt changes in 1953, 1976 and
1996, all of which are synchronous with the Yellow River channel
shifts. This provides evidence that the relocation of the Yellow River mouth is an important factor for redistribution of OM in this river dominated margin. Our study also suggests that the BIT index is
a potential proxy for river channel shifts, although more studies
are needed.
The BIT index presents a stronger correlation with crenarchaeol
than branched GDGTs, demonstrating that large variation of marine Thaumarchaeota abundance is a driving forcing for the BIT index values. However, under the strong inﬂuence of high turbid
Yellow River water, large oscillations of the BIT index (0.33–0.80)
cannot be explained by a nutrient stimulation mechanism, suggesting that local conditions should be considered when interpreting the BIT index.
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