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Reservoirs are semi-natural ecosystems with high potential for fish production; however,
sustainable exploitation requires accurate knowledge of trophic state and natural
productivity. This study evaluated the trophic state, primary production, and fish
production potential of Dorudzan reservoir. Seasonal sampling was conducted in 2025 to
measure dissolved oxygen (O, ), temperature (Temp), Secchi depth (SD), total
phosphorus (TP), and chlorophyll-a (Chl-a). Samples were collected from three transverse
sections (riverine, transitional, and lacustrine zones) and three areas (littoral, surface, and
subsurface zones). Trophic state was assessed using Carlson's Trophic State Index (TSI);
primary production using the Braemick-Lemcke model, and fish production potential
using the Braemick-Lemcke (based on primary production) and Downing (TP-based)
models. Annual mean values of O, , SD, TP, and Chl-a were 7.55 mg/L, 2.45 m, 0.17
mg/L, and 1.60 pg/L, respectively. TP was higher in the riverine zone, indicating its key
role in reservoir enrichment. The mean TSI of 53.13 indicated eutrophic conditions. Mean
primary production and fish production potential were estimated at 288.59 gC-m~ 2.y~ ¢
and 34.97 kg-ha™ -y~ 1, respectively. Considering 3,000 ha of habitable area, sustainable
fish yield was ~105 t, with a permissible catch of 19-29 t. Incorporating model uncertainty
(95% Monte Carlo), annual yield ranged from 80-130 t, and fish biomass point estimate
ranged from 151-237 t. Adopting a conservative lower-bound approach, we recommend
a permissible annual catch of 15.1-22.7 t. These findings emphasize the need to control
phosphorus input from the upstream catchment, continuously monitor fish populations,
and implement science-based management of aquatic resources.
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EXTENDED ABSTRACT

Introduction

The marked decline in marine fishery resources over recent decades, driven by overfishing and rising
global demand for healthy protein, has pushed countries to develop inland aquaculture. Reservoirs, as
semi-natural ecosystems with relative manageability, have considerable potential for fish production;
however, this potential can be realized only through a precise understanding of their limnological
conditions and natural productivity. Without this knowledge, indiscriminate stocking disrupts food-web
balance and imposes multiple pressures on intermediate trophic levels. Global research shows that
variables such as chlorophyll a, total phosphorus, transparency, and Carlson's Trophic State Index (TSI)
correlate strongly with fish production. Despite studies conducted in Iran, no systematic investigation
has yet estimated the trophic index and fish production potential of the Dorudzan reservoir in Fars
Province, although this reservoir, in addition to its roles in agricultural water supply, flood control, and
hydropower generation, holds considerable potential for aquaculture. This study addresses three
fundamental questions: (1) What is the Carlson TSI and trophic classification of the reservoir? (2) What
is the primary production potential and its relationship with key limnological variables? (3) What do
internationally validated empirical models estimate maximum fish production potential? The findings
will provide a fundamental understanding of ecological relationships and support sustainable fisheries
management alongside water quality conservation.

Material and Methods

This study evaluated trophic status, primary production, and fishery potential of Dorudzan reservoir
(volume: 960 million m3; surface area: 55 km?). Seasonal sampling was conducted along three transverse
transects representing riverine, transitional, and lacustrine zones, and at three depths: littoral, surface,
and subsurface layers. Physicochemical parameters—temperature, dissolved oxygen, Secchi disk, total
phosphorus (acid digestion and spectrophotometry), and chlorophyll a (90% acetone extraction and
spectrophotometry)—were measured. Trophic classification followed OECD criteria; Carlson's TSI
index was calculated from the three components. Annual primary production was estimated using the
Braemick—Lemcke empirical model based on total phosphorus. Fish production potential was estimated
using two parallel models: Braemick—Lemcke based on primary production and Downing et al. based
on total phosphorus; the final value was the average of the two estimates. Total fish biomass was
estimated using the Downing model. Uncertainty was analyzed using Monte Carlo simulation with
10,000 iterations, assuming a normal distribution for total phosphorus; the 95% confidence interval was
reported. Normality and homogeneity of variances were verified via Shapiro—Wilk and Levene's tests,
respectively. Mean comparisons were performed using one-way and two-way ANOVA followed by
Tukey HSD (a=0.05) in SPSS and R.

Results

Annual mean total phosphorus (0.17 mg/L), chlorophyll a (1.6 ug/L), and Secchi disk (2.45 m) indicated
hypertrophic, mesotrophic to eutrophic, and mesotrophic conditions, respectively. The TSI value of
53.13 classified the reservoir as eutrophic, with the highest value in winter (54.91) and the lowest in
summer (50.77). Among the three components, TSI-TP had the highest value (77.40, hypertrophic),
while TSI-Chl had the lowest (34.60, mesotrophic), indicating that total phosphorus was the primary
limiting factor driving eutrophication. Annual primary production was 288.59 gC-m2-y’!, maximum in
winter (302.01) and minimum in spring (275.95). Fish production potential estimated by two
approaches—based on primary production (37.63 kg-ha'!-y1) and total phosphorus (32.32 kg-ha 1.y 1)—
averaged 34.97 kg-ha 1.y~1. Applied to the habitable area of 3,000 hectares, total production was 104.93
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tons and total biomass was 194.40 tons. Monte Carlo simulation estimated sustainable annual production
at 105 tons (95% CI: 80—130 tons).

Discussion

Annual mean dissolved oxygen (7.55 mg/L) and Secchi disk (2.45 m) exhibited natural seasonal patterns
characteristic of stratified lakes, highest in winter and lowest in summer. Total phosphorus (0.17 mg/L)
and chlorophyll a (1.60 pg/L) indicated hypertrophic and mesotrophic-to-eutrophic conditions,
respectively, while TSI=53.13 classified the reservoir as eutrophic. The discrepancy among TSI
components (TSI-TP=77.40, TSI-Chl=34.60, TSI-SD=47.39) indicates trophic-state deviation, likely
due to high proportions of non-bioavailable phosphorus bound to sediment particles and suppression of
algal production by non-algal turbidity or light limitation—consistent with previous studies on similar
reservoirs. Annual primary production (288.59 gC-m2-y™!) fell within global ranges for temperate lakes.
Fish production potential (average of two models: 34.97 kg-ha'l-y™!) was comparable to that of Salman
Farsi and Velasht reservoirs. Total production (104.93 tons) and total biomass (194.40 tons) were
estimated. Assuming a 10-15% harvest rate based on MSY and F,,., approaches, allowable annual catch
was 19-29 tons. Overall, the reservoir is eutrophic, with a production potential of 105 tons/year, but
due to model uncertainty, conservative management and direct population monitoring are recommended
for sustainable exploitation.

Conclusion

This study found that Dorudzan reservoir (TSI=53.13) is eutrophic, with total phosphorus as the key
parameter requiring targeted watershed management, particularly by controlling agricultural inputs in
the riverine zone. Estimated sustainable fish production (105 tons/year) and biomass (194.40 tons)
provide a quantitative basis for regulating fishing quotas. Considering uncertainty (95% CI: production
80-130 tons, biomass 151-237 tons), the precautionary approach recommends annual harvest based on
the lower biomass bound (151 tons), equivalent to a harvest of 15.1-22.7 tons, which is more restrictive
than the initial estimate (19-29 tons). Three management actions are proposed: (1) continuous
population monitoring using experimental fishing; (2) updating estimation models with field data; and
(3) upstream phosphorus control through inter-sectoral coordination. These actions will reduce
eutrophication risk while enabling sustainable economic exploitation and preserving ecological
functions.
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