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Abstract: In recent years, lakes of Yunnan Plateau have increasingly experienced the pressure of multiple environmental stressors
like eutrophication and fish invasion, as well as their synergic effects. To date, most studies have focused on the ecological impacts
of a single stressor, in spite of the interaction of these multiple stressors. This paper selected Lake Dianchi and Lake Fuxian, which
are currently hypo-eutrophic and oligo-mesotrophic respectively, and conducted multi-proxy analyses of lake sediments from both
lakes. We aim to quantify the impacts of both eutrophication ( bottom-up control ) and predation pressure (top-down control) in
driving the long-term changes of zooplankton production, and to compare the intensity of their single forcing and interaction between
both lakes. Our results showed that both lakes experienced increased primary production (i. e. the production of sedimentary pig-
ments) since the mid-20" century, which was consistent with the eutrophication history revealed by lake monitoring data. Concur-
rently, the production of zooplankton (i.e. sedimentary bosminid production) increases significantly with a general trend of the ol-
igotrophic taxon of Bosmina longispina replaced by B. longirostris found in both lakes. However, the bosminid production and body
size (1. e. carapace and antennule length) , displayed a decrease during the 1960s and 1980s, when exotic fish were introduced
and/or established stable populations. With the methods of multiple regression and variance partitioning, our further analyses sug-
gested that top-down control (as indicated by bosminid carapace length) exerted stronger impact on zooplankton production at Lake
Dianchi than at Lake Fuxian (15.46% and 10.39% , respectively) , while Lake Fuxian displayed a much stronger control of bot-
tom-up (represented by sedimentary pigment concentration) forcing than Dianchi (69.74% and 19.67% , respectively). In addi-
tion, we found that the interaction between bottom-up and top-down is much more significant at Lake Dianchi than the Lake Fuxian
(42.12 % and 3.46 % , respectively) , despite that both forcing exerted a similar degree of control on zooplankton production at
Lake Dianchi (77.25% ) and Lake Fuxian (83.59% ). These results indicate the significant control of lake eutrophication on zoo-
plankton production at both lakes, while the introduction of exotic fish intensify the predation pressure on zooplankton, which also
showed strong dependence on the rapid increase of trophic status at the hypo-eutrophic shallow lake of Lake Dianchi. In contrast,
the strength of the interaction between bottom-up and top-down control was insignificant at the oligo-mesotrophic deep lake of Fux-
ian. Over all, our results infered that eutrophication and fish predation have led to the significant changes of ecosystem structure
and trophic interaction at both large plateau lakes. Therefore, trophic status, the history of eutrophication and lake typology should
be taken into account for sustainable management and ecological restoration of the plateau lakes in Yunnan.
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Fig. 2 Stratigraphic plots showing sedimentary pigment and bosminid changes
at Lake Dianchi(a) and Lake Fuxian(b)
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