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Abgtract : The Longgan Lake is a shdlow mestrophic macrophytesbminated lake. According to the highr rel ution diatom research
from its sediment core , the diatom community successon was built , and the total phosphorus (TP) and chlorophyll-a (Chi-a) con-
centration were quartitatively recongructed for the pas 2000 years, based on the diatomr TP and digtonr Chla trander functions.
The shiftsof diatom assamblages d© mirrored the developments of aquetic plant , reflecting the characters of aquetic ecosygem
awlution. The irferred epilimnetic TP concentration fluctuated within a amdl range of 36 to 624 ¢/ L , indicating the lake remained
a relaive gable mesotrophic gatusin the long hidorical period. The periodica variaionsdf the distom assemblage and trophic gar
tus suggest a mitigeting function of shalow macrophyte- dominated lakes to nutrient input. The changes of lakes trophic datus con't
linearly regond to the human digurbance in the catchment. The dynamics mechanism of phogphorus in macrophyte- dominated
lakes, asirferred from diaoms, will provide a scientific foundation for the prediction of trophic datus change in a shdlow lake, as

well asthe lake ecologicd redoration and managemernt decisons.
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The importance of aquatic vegetation to the elogi-
ca redoration has been recognized comnonly by limmolo-
gds and lake managements® ™. As to the eoological
redoration in eutrophicated lakes, it is of great dgnifi-
cance to know the dynamic process of the ecosysem evo-
[ution in a macrophyte-dominated lake under the human
impactsin hidorical period , to make it clear whether the
community sructure and ecological function would be &-
fected by the extengon of the vegetation gronth , to find a
lution to remain deady benign ecosysem dter the re-
oovery. Lacking of the long-term nonitoring data about
the eologicd datus and water quality , it is difficult to st
redigic goas for redoration and management deci-
gons® ™! | aswell asto evaluate and predict the long ex-
pected dfect dter remedy. Aiming at those quegions
mentioned above it is necessary to develop the paleolimno-
logc sudy on shalow macrophytedominated lakes. In re-
cent years the researches on the paeoecology , particularly
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on the environment recongruction based on the sediment
biomarker such as diaom have made rapid
progress’ . far the diatom based nutrient recorr
gructions in shallow lakes mainly are limited to the agae
dominated lakes with eutrophic condition'® 2! only a
few reports ooncerned the  macrophyte-dominated
lakes'™!. Lakes in the midde and lower reaches of the
Yangtze River are large and shallow. Mog of them are de-
veloped from the flood plain with long hisory!™!. That
area is d o high-dendty populated. Recently some inpor-
tant lakes such as the Taihu Lake and the Cheohu Lake
have become agae-dominated and resulted in the deterio-
ration of water quality due to grong human disurbance.
Many other lakes a9 encounter the potential eutrophicar
tion. Fortunately there gill exig¢ ome macrophyte-domi-
nated lakesin the region , providing a perfect place for the
researches about the relationship between aquatic vegeter
tion ecology and the nutrition dynamics under human dis

Foundation item :the Stientific Innovation Projects of Chinese Acadenmy of Stiences( KZCX1- SA-12) and the 973 projects(20020B412300)

Corresponding author :Yang Xiangdong , Emil :xdyang @nigas. ac. cn



DONG XuHui et d. :DIATOM COMMUNITY SUCCESSION AND NUTRIENT EVOLUTION RECORDED FROM
A SEDIMENT CORE OF THELONGGAN LAKE, A LARCE SHALLOW LAKE IN EAST CHINA

703

turbance. The aims of this sudy are (1) to recongruct
the hidoric nutrient basdine through the high-resolution
diatom research from a sediment core of Longgan Lake.
(2) to discuss the relationship between aquatic ecosysem
and trophic date, in order to provide stientific back-
ground irformeation for the prediction of lake environmental
change and for the ecologica management.

The Longgan Lake (29°52 —30°05 N, 115°19 —
116°17 E) iscdled Leichi” in ancient time, located in
the rorth coagt of the Yangtze River and in the border of
Hubei and Anhui provinces (Fig. 1). Its area was
578. 95knT originally 40 years agp , with broad area of
wetland around it , but now it shrinks to 316. 2knT due to
human reclamation. The wetland vegetation dnogt disgp-

1lo Q0L

pears, reduced by farming land. The Longgan Lake is a
shdlow and outlet lake , with the irflow from Huangme ,
Huaiangting and Jingzhu in the outh of the Dabie Moun-
tain area. The outflows converge into the Yangize River
through two branch rivers. Currently the Longgan Lake is
a meotrophic macrophyte- dominated lake with abundant
aguatic plant™®*®!. Acoording to the result of successve
seana invedigation from 2000 to 2003, the concentra
tion of tota phogphorus (TP) in suface water was 51
Mg/L, with total nitrogen of 7741g/L , chlorophyll-a
(Ch-a) o 3.pg/L, chemicd oxygen demanded of
406 g/L. The maximum and mean depth was 4. 58m
and 3. 78m, regpectivdy. The ratio of the catchment s
area to the lake area was about 17. 41
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1 Methods

The core , with a length of 123cm, is located at the
center of the Longgan Lake under a water depth of 3. 5m.
The lithology of the prdfile from bottom to top is as fol-
lows: 123-62.5cm, greyish green mud; 62.5 42cm,
greenish grey mud with nore organic remains; 42-25cm,
dight grayish dark mud with some banding of yellow mud ;
25-14cm, grey mud ;top 14cm, greyish dark mud. Sanr
pleswere diced in the field a 1cm interva. Subsanples
were treated with gdandard method, namely the HQA
(10%) and H,O, method!*”!. After the diatom samples
nmounted on dass dides, ecies were identified and
oounted usng a Leica microscope (oil immerson objec

tive , magnification 10 x 100) . Diatom taxonomny followed
Krammer and Lange-Bertaot!™®]. At least 300 valveswere
oounted for each sanple. Species abundance was ex-
presed as percentage.

The sadiment chrorology of the above 25cm section
was provided by #°Pb dating. The chrorology of the 42 —
62. 5cm section was irferred from the conparion between
the sediment proxy and the hidoricad events recorded in
the literature. The detail description rfersto Yang et al.
(2002) 1!, Snce the sediments are olid grayish-green
mud below the 62.5cm, it is inposible to irfer the
chrorology below this depth due to changed sediment ac-
cumulation rate. According to published literature!® 2! |
aC dataof bulk organic metter a the depth of 123cmin



704

ACTA HYDROBIOLOGCA SINICA 30

amther core , which was taken near to our core, is 1892
+73 a BP (cdibrated age is 136 AD) . The ages for
dme key layers are sown in FHg. 3 and FHg. 4.

The quartitive recongructionsfor the pagt epilimnetic
TP and Chl-a concentration were based on the diatom data
in a sediment core and with the diagonmbased TP and Chl-
a trander functions which derived from the 49 lakes in the
midde and lowver reaches of the Yangze River (Yang,
2004) 2! The current TP and Chl-a concentrations in the
Longgan Lake are within the arranged gradient bounds (the
gradient of TP and Chl-a are 30—56Q ¢g/L and 2. 14—
77.00 g/L , repectivdy; Dong et d , 20041)) | siitable
for the recondruction of the two environment indicators.
The egablishment o the trander functions was acoording
the CCA (Caronicd Qorregpondence Andyds) result from
the diaomwater qudity datasst , where TP, followed by
Chl-a, are the mog inportant variables, explaining mog of
the diaom datal®'. The diatom TP trander function was
achieved usng the weighted-average (WA) nodd due to
TP gradient length (2. 59 gandard deviation) , while the
partial-leas- square (LS node *! was sdlected to gener-
ae diaom Chl-a trander function (Chi-a gradient lengh is
1.9 gandard deviaion ). The TP nodel showed its high
predictive power (R =0.75) , low predictive error (RvI-
SERack =0.17) and good correlation between observed and

dialom irferred TP. However , Chla nodd had a rdatively
poor predictive ahility with Rie = 0. 68, and higher pre-
dictive error with RMSEP .« = 0. 24?1, The reconsruc-
tions were pefformed udng the program CAL IBRATE ver-
son 7.0,

2 Reaults

The diatoms are very abundant , dominated with epi-
phytic, facultative planktonic and berthic taxa, and the
planktonic taxa are seldom found in the whole sediment
oore. The facultative planktonic ecies are manly Aula-
cosdira granulata, with few A. alpigena, A. ambigua,
Syredra ulna and E. pettinalis. The benthic ecies
mainly include Fragilaria construens var. venter , following
with ome other avdll Fragilaria types such as F. brevis
triata, F. pinnata and ome Navicula. Lots of epiphytic
gecies are sen successndy in the core. Anong them
Achnanthes minutissma, Cocconels placentula, Epithemia
adnata, Cymbdla afinis have rdatively high percentage.
Asawhole, when A. granulata or Fragilaria construens
var. venter become the snge dominant ecies, the di-
atom diversty measured by Hill's N2 vaue!®! is loweg.
And when the epiphytic gecies become the dominant as
smblage, the diverdty isvery high , which is nog obvious
at the top of the core (above 10cm. ! Fg.2).

Diatom diversity
1

1T 1 1T T 17T 7T 1T T
60 70 80 90 100 110 120

Depth (cm)

Fg.2 The daom diversty of the sediment core

Acoording to the changes of the diatom percentages
the core can be divided into 8 Zones asfollows (Fig. 3) :

Zone  (120-109cm) : A. granulata is the Snge
dominant gecies in the basa zone. F. construens var.
venter shows an increasng trend. Other Pecies such as
Gyrosigma acuminatum , Gomphonema parvulum, Euno-
tia pectinalis and Amphora libyca occur frequently with
lower percentages. The species diverdty of this zone is

relaively lower than Zone

Zone  (109-76cm) : This zone, with a higher di-
verdty, is characterized by both A. granulata and F.
construens var. venter. me gecies such as G.  acumi-
natum, G. parvulum, Fragilaria capucina, A. libyca,
C. dfinis increase in percentages.

Zone (76-65cm) :The Pecies F. construens var.
venter isin an overwheming high percentage in this zone.
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ers but declines again in the upper part of this zone.

A. granulata and other gecies, aswell asthe diversty,

is characterized by

(49 42cm) : Zone
high percentages for epiphytic taxa, i. e.

Zone

obvioudy decrease. The epiphytic fecies reach to the

lowes vaue in this interval .

E. adnata,

C. placentula, A. minutisima and C. dfinis. The di-
verdty and the gecies number increases obvioudy. The

(65-49cm) : A. granulata again become

dominant gecies. E. pectinalis, G. acuminatum a
experience a dight increase.

Zone

gmall typesof Fragilaria and A. granulata decrease or

In individua layer E.

disgppear rgpidly. Moreover Aulaccseira alpigena and

%.

pectinalis increases suddenly and reaches up to 30
Other gecies in the zone had very low percentages. The

me facultative plankton gecies such as Nitzschia anr

phibia show a dight increase in this gage.

diatom divergty increases in ome extent in the lower lay-
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acuminatum , nog epiphytic gecies decrease in the pop-
ulation. Small anount of benthic gecies a occurred
frequently. The diatom diversty changes greatly and drops

(25 —42cm) : The lower part of this zone is

Zone
dominated by A.

granulata. , follomed by Fragilaria

construens var. venter in the upper part. Bxcept for G.
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to the lowes value at the depth of 28-25cm , coinciding to
the highes value of Fragilaria construens var. venter.

Zone (2510cm) :Again the ecies A. granula
ta become dominat. Eunctia increases while the benthic
ecies decreae. The diatom diverdty shows a declining
trend in this zone.

Zone (The top 10cm) : The diatom assemblage re-
smblesthe zone  and is characterized by a marked in-
creae in epiphytic percentage and the diverdty. A.
minutissma, E. adnata, C. placentula, C. dfinis,
Cymbella microcephal a increase dgnificantly , forming the
dominant gecies.

The diatom diagram shows that the interior change of
each zone is relaively dable. At the interval of 42-25cm
(Zone
granulate to Fragilaria construens var. venter gradudly ,
resembling the change at the depth of 120-65cm (Zone

— ). The time an in the latter one is much
longer. It is obvious that if we don't take the time gpan
into account , there exig¢ two successon cycles in diatom
evol utions which correpond with the depth of 120-41cm
and 41-0cm regectively. In each successon, distom de-

) the diatom assemblage shift from Aulacossira

velopments experience 4 gages changng from facultative
planktonic to facultative planktonic plus benthic , again to
facultative planktonic , and finally to epiphytic dominant
communities.

Total 61 diatom taxa in sediment core, representing
71 % df suface digtoms in nodern data set , are used for
the recongruction of TP and Chl-a in the pag. Hg. 4
shows the changes of the irferred TP. DFTP and Chi-a
for the nearly pag 2000 years based on diatom tranger
functions and sediment diatom data. Because of the lack
o longterm nonitoring water quality data in recent
decades we can't make a conpari on between the irferred
TP and Chla and nonitoring data. However , the irferred
TP concentration (50. 99 ¢/ L) from the surface sediment
oollected in 2002 isin good agreement with the measured
TP vdue (5Mg/L, 2002—2003; Dong e 4,
20041%%1) | while the measured Chla value (3. 7U /L) is
much different with the irferred concentration (6. ® ¢/
L) , suggeding a lower reiability of Chla recongruction.
The error of irferred Chla may relate to its rdatively low
importance in explanation of distom data in CCA and its
lower predictive power (see above description). For

caution s sake , we mainly use the TP result for the dis
cusson below. The trend of Chla curve can be used to re-
ved the changes of agae biomassin higorica period.

The irferred lake TP concentration fluctuates within
a short range of 36 —621 g/L. Acoording to the fixed TP
paramgter in trophic classfication sygem in China
(Tab.1,Jin e d, 199411 | the lake trophic satus
snitched within the upper-limit of the mestrophic and the
lower-limit of the mes-eutrophic conditions in the nearly
pas 2000 years. But acoording to the OECD!*! criterion
(Tab. 1) , the trophic satesof the lake dways changed in
the mid-lower-level of eutrophic conditions. In order to
facilitate the discusson below, the China's criterion is
used in this paper. Detailed changes of TP and Chla in
each dage are illugrated in Tab. 1:

During 136 —768 AD (oorreponding to the depth
of 120-65cm) , the epilimnetic TP concentration increased
dowly within 46-6Qug/L. TP oconcentration fluctuated
about 5@ ¢/ L in the earlier and middle period (the depth
o 120-76cm) and increased to 58 —6Q ¢/ L in the later
period (the depth of 76-65cm) .

The Chla concentration kept the same trend of TP,
but increased obvioudy during the later period.

During 1768 —1815 AD (oorregponding to the depth
o 42-25cm) , TP concentration dightly decreased in the
earlier period with a little fluctuation , folloned by a rgpid
decline from 431 g/L to 3¢ g/L (50-42cm interva ) .
Chla concentration was very low in this sage.

During 1815 —1906 AD (oorregponding to the depth
o 42-25cm) TP ooncentration increased again and
reached to the highes value of 621 ¢/L beore 1906AD.
The Chla concentration experienced a dight increase at
earlier time but increased quickly &terwards, ooinciding
to the high TP concentration.

After 1906AD , TP oconcentration changed back to
the value about 5Qig/L , the concentration dropped
futher to the lowet vaue (36 —4Mg/L) dnce
1970s. Chla showed the same trgectory as TP. The
water quality invedigated , however , showed that the
epilimnetic TP concentration has returned to 53 g/ L
snce 1998.

The changes of the irferred TP concentration were
oond dent with those of the diatom assemblage. The high
percentage of Fragilaria construens var. venter usudly
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occurred in relatively high trophic condition meso-eu-
trophic gatus with higher TP and Chla concentrations.
The diatom assemblage dominated with epiphytic E. ad-
nata, C. placentula, A. minutisima, C. dfinis cor-
reponded to the lomes TP and the Chla concentration in
mestrophic condition. When A. granulata or both A.

granulata and Fragilaria construens var. venter become
dominant in sediment , TP concentration changed dightly
with the medium value between above. Jug as distom
aewlution, changes of TP concentration al showed the
periodicity with two dmilar trends from low to high, to
lower , and findly to loweg concentration.

DI-TP Age Chlorophyll-a
073 — 1998 AD 07
5] 5]
104 — 1970 AD 107
154 157
20 20
254 — 1906 AD 25
30 304
35 35+
40 _ < 407
Y E 1815 AD Hrka
5 507 50
= 557 55
B gg} — 1768 AD ggf
2 704 70
il T
80 80
85 857
90 90
95 95
100 100
105 1054
1104 1107
1157 1157
120 / 120
5T BGAD(?)DS 3 FLE R B L B B A
0 102030405060 7080 0 5101520253035404550

(ug/L)

(ng/L)

Fig.4 Changesd diaonrirferred TP and Chla (DI-TP) concentrations in the Longgan
Lake in the pag 2000 years (dash line presents the range of TP changes)

Tab.1 Comparison o trophic category based on the water quality index

[26,34]

Trophic
Caegry Oligntrophic Olig>-mesotrophic Mesotrophic Mes-eutrophic Eutrophic Hypertrophic
(Ching)
TPU QL) <5 5—0 10-50 50 —100 100 —1300 >1300
Ch-a(ug/L) <1 12 240 10 —26 26 —1000 > 1000
Trophic
Caegry Oligntrophic Mesotrophic Eutrophic Hypertrophic
(OECD)
TP ug'L) <10 1035 35—00 >100
Ch-a (ug/L) <2.5 2.5—8 825 >25

3 Discussion

The diatom assmblage ewolution in the Longgan
Lake in the pag 2000 years reveals ome inportant in-
formetion about the aquatic ecosysem. Cenerdly epi-
phytic gecies can be linked to the aquatic macro-
phytest®!. The dominant epiphytic diatoms in the core

reved the good gowth and long lifeppan of aguatic
plants. The increase of the facultative planktonic gecies
suggedts that there are relatively abundant macrophytes in
waters but their lifegpan is perhgps ot very long, and
they only provide attached body for the piece of growth
period. The benthic Pecies can reflect the ability of the
light penetration!®) . In shallow lakes with the noderate
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trophic datus, the increase of benthic ecies and de-
creaxed coverage of aquatic plants may reflect the higher
water turbidity. The benthic diatom taxa have been
shown to have ecific dfinities to subgrate, plant
leaves or tems®®!. The succesdon of the epiphytic
gecies recorded in the sediment core indicates that the
development of mecrophytes with different degree kept
going on in the pag 2000 years. Inzone ,zone |, the
bottom of zone  and zone
A. granulata and afew amount of epiphytic seciesindi-
cate the reatively low abundance of meacrophytes during
thex intervals. In Zone  and the top of zone |, the
increase of benthic geciesis rdative to the reduce of pro-
duction in mecrophytes. The epiphyte-dominated assent
blage in the Zone , Characterize the lit-
tora diatom community , indicates the thriving aquatic
plants during the two intervals.

The gronth extent of the macrophyte reflects the war
ter cleanness ™!, The increasng mecrophyte abundance
have their ahility to compete for nutrition and light , to re-
duce resugpenson of nutrient-rich sediment dfectively ,
and to suppress adgd biomass®®! . The reduction of
mecrophyte revedled by the increase of the sl type of
Fragilariain zone  and on the upper part of zone
indicated that the water is possibly digurbed to me ex-
tent. Al, in great shdlow lakes, the reduction of
mecrophyte would grengthen the dormy waves, resulting
in the increase of water turbidity. During the period of
136 —1768 AD and 1815 —1906 AD , Aulacossira- domi-
nated assemblage was replaced by Fragilaria- dominated
community , coinciding to the raise of water phophorus
concentration and the agae biomass, the reduction of the
mecrophyte coverage and the increase of the water turbidi-
ty. On the contrary , the shift from Fragil aria- dominated
to Aulaccseira-dominated and finaly to epiphytic diatom
aseemblages (during the period of 1768 —815 AD and
the lag 100 years) illugrates the gradual expanson of
mecrophyte and the increase of water trangarence.

The dry weight of the phogphorus in the sediment
can reach 0. 01 —10g/ kg™ |, far higher than the epilnr
netic phophorus. For such a high oconcentration it is
semingy reaonable to irfer the waterbody phogphorus
change through the sediment phogphorus measurement by
the means of geochemistry!”!. However , through the con

, the facultative planktonic

and Zone

parion between the sedimentary phogphorus and the epil-
imnetic phogphorusfrom deegp and small shdlow eutrophic
lakes, Anderon (1993)!* and Bennion et 4.
(1995) %" concluded that sediment phosphorus could ot
mirror the surface water phogphorus, and the diserepancy
mainly came from the factors such as changesof oxidation
reduction potential at sediment-water intefface, the trans
ference and resugpendon o the sedimentary phogpho-
rus’’ !, Degite there isonly afew reports about TP re-
congtruction in macrophyte-dominated lakes™! | the dis:
ergpancy between sediment and water phogphorus can d ©
seen in such a lake from the gudy of Longgan Lake core
(Fig. 5) . The sediment phoghorus concentration during
1768 —1815 AD and the lag 100 years in the core was

DI-TP Sediment phosphorous
04 04
10 10 -1970 AD
20+ 20
I T N Ny T R a 1906 AD
30 304
e iy = RERNURINERS . | . I— -1815 AD
= ] ]
B 50—f==-c-smodgomemeananas o e e =
= ] .
o — 60—
g %7 0] 1768 AD
70 704
04 < 80
90 90+
100 100+
TV R SN VOB
120 1204 136 AD
T TT T T T T
0102030405060708090 100 0 100 200 300 400 500 600

neg/L mg/L
Fg.5 Onpaion beween irferred epilinnetic TP ased ment phogltorus

high and kept an increasng trend , contrary to theirferred
surface water phogphorus. The increased sediment phos
phorus d reflects the enhanced human activity during
the two stages'™®. It is clear that the TP concentration in
mecrophyte- cdominated lakes doesn't directly regponse to
the change of ecosysem in catchment by human distur-
bance and the sediment phoghorus cant sand for the
epilimnetic totad phogphorus. Different from the other a-
gee-dominated shallow lakes and deep lakes, however ,
the TP change in macrophyte-dominated lake is dfected
by the gromth extent of aquatic plants rather than the re-
lease of the sediment. Fom the above , we condder that



DONG XuHui et d. :DIATOM COMMUNITY SUCCESSION AND NUTRIENT EVOLUTION RECORDED FROM

709

A SEDIMENT CORE OF THELONGGAN LAKE, A LARCE SHALLOW LAKE IN EAST CHINA

there exig a sdf-purification function and buffering mech-
anigm in the aquatic ecosysem of the large shdlow,
mecrophyte- domi nated lake.

The diatom research from the core reved s the peri-
odica pattern of environmental evolution in the Longgan
Lake, a macrophyte-dominated lake. Neverthdess, the
periodicity in mecrophyte- dorminated lakes hasn't been re-
ported yet in other regons, nore researches should be
done in other shdlow lakes to support our concluson.
The periodica changesaof diatom assemblage and water TP
concentration provide evidence for the forecag of trophic
change in the Longgan Lake and the usful irformetion for
environment management. FHom the lates water quality
nonitoring data in the Longgan Lake , the epilimnetic TP
inclined to meso-eutrophic gate again (about 5U g/L) .
Accoordingy, the dominant fecies A. granulata ap-
peared again in the suface sediment diatom (sanmpled in
2002) , perhaps hinting the beginning of another environ-
ment evolution cycle. It isplaugble that if human activity
remains unchanged , or properly cut down the nutrient in-
put from the catchment , the water quality of the Longgan
Lake will keep a relatively good oondition in a long time,
based on the nutrient background in hidoricd period.
However , the extengve fish culture, as well as excessve
sawage dfluent from the catchment , would break the cur-
rent gable agquatic ecosysem of macrophyte- dominated
lake, leading to the disgppearance of aquatic plants and
gopearance of planktonic diatom taxa in waterbody , and
findly to the eutrophication problems jug like the Taihu
lake and the Cheohu lake in eag China.

4 Conclusions

(1) The sequence o diatom ewolution in the pag
2000 years is egablished from a sdiment core of the
Longgan Lake. The diatom record reved s the obvious pe-
riodical pattern of environment ewolution in macrophyte-
dominated |akes.

(2) The changesdf hidorical epilimnetic total phos
phorus and chlorophyll-a concentration are quartitively re-
oondructed based on the nodern diatom trander function
and sdiment diatomflora. The irferred suface water TP
concentration fluctuatesfrom 36 to 621 ¢/ L , indiceating the
Longgan Lake has been a a middle trophic condition over
a long higorica period.

(3) The relationship between nutrient evol ution , di-
atoms and macrophyte ecology are discussed in this paper.
It indicates that water TP concentration in macrophyte-
dominated lake does not regpond directly to the human ac-
tivities in the catchment. There exigs a sf-purification
function and buffering mechanism in the aquatic ecosys
tem of the large shdlow , macrophyte-dominant lake.
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