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The operation of the Three Gorges Dam has altered the hydrological regime of Dongting Lake, leading to earlier water level recession and premature lake bed exposure. The hydrological shift has accelerated the early development of Carex spp.-dominated meadows, resulting in phenological mismatches between Carex brevicuspis (the primary food source for herbivorous geese) and the arrival of herbivorous geese. This mismatch has reduced suitable food resources for these geese during their wintering period. This study aimed to assess how mowing treatments mitigate this mismatch by improving the quality of C. brevicuspis. During the 2023/2024 wintering season, we studied the effects of mowing treatments on C. brevicuspis and the underlying mechanisms. Three treatments were applied: complete mowing (CM; stubble height < 0.3 cm), stubble mowing (SM; stubble height 15 cm), and no mowing (CK). The results showed that mowing treatments significantly increased leaf moisture and nitrogen content, reduced crude fiber content, and thereby increased the quality and food utilization rates by herbivorous geese. Additionally, mowing increased the quality of C. brevicuspis by stimulating compensatory growth responses, which relies on the resources of the belowground bud banks mechanisms. However, mowing treatments also significantly decreased plant height, density, aboveground biomass, and the biomass of belowground bud banks, which potentially impairs the long-term recovery and sustainability of plant. Therefore, while targeted mowing can effectively improve the food quality for herbivorous geese during wintering, careful consideration of the management of mowing frequency and intensity are essential to maintain balance between the wetland vegetation recovery and the sustainable food supply for herbivorous geese.
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Highlights

	Mowing significantly improves the nutritional quality of C. brevicuspis, increasing food digestibility and palatability, thereby increasing its utilization by herbivorous geese.

	Mowing increases leaf nitrogen content and reduce crude fiber content in C. brevicuspis through compensatory growth responses and mediation by belowground bud bank mechanisms.

	Although mowing effectively improves food quality, it simultaneously reduces aboveground biomass and bud biomass, highlighting the necessity of carefully managing mowing intensity and frequency to balance plant regeneration and sustainable habitat management.






1 Introduction

The nutritional composition of food represents a key factor in governing the dietary and habitat selection strategies of herbivores (Washburn and Seamans, 2012). Plant nutrients, particularly protein levels, strongly dictate the food preferences of herbivores (Wang et al., 2024). Herbivorous geese preferentially forage in meadows abundant in high-quality food (Van Der Graaf et al., 2007). For herbivorous geese, food quality critically determines their survival, reproductive success, and migratory performance, by influencing their energy reserves and overall physical condition. Key attributes of foods, such as the nutritional composition, energy density, and palatability, determine whether migratory birds can efficiently achieve the nutrients they need for migration. As plants grow and mature, their height, biomass, and nutritional components (e.g., protein and fiber content) undergo dynamic shifts. Declining food quality and insufficient nutrient availability can negatively affect the survival and behavior of herbivorous geese (Wang et al., 2013; Zhang et al., 2020).

Phenological mismatch refers to the temporal misalignment between the peak nutrient demand of animals and the availability of optimal food resources (Durant et al., 2007). Migratory herbivorous geese are particularly susceptible to this phenomenon (Beard et al., 2019). A striking case occurred in East Dongting Lake, a Ramsar site along the East Asian-Australasian Flyway, large numbers of herbivorous geese for stopover and overwintering every year (Zou et al., 2017) and supports herbivorous geese with abundant food resources through its rich wetland vegetation (Feng et al., 2014; Zhang et al., 2023). However, human activities and altered hydrological regimes have significantly changed the ecological patterns of the wetland. Specifically, the operation of the Three Gorges Dam has advanced the autumn water recession time (Wu et al., 2017; Cheng et al., 2018), prematurely exposing sedge meadows and promoting early senescence of C. brevicuspis as the dominant species (Feng et al., 2013; Lai et al., 2013). This mismatch results in migratory birds relying on suboptimal food, further exacerbating their foraging and survival challenges (Zhang et al., 2021).

Providing high-quality habitats for herbivorous geese is a fundamental aspect of wetland conservation (Murray and Fuller, 2015; O’neal et al., 2008). Addressing the negative impacts of hydrological changes on wetland ecosystems has become a critical issue in the current context. As a targeted management measure, mowing could effectively regulate the growth of wetland vegetation and alleviate the ecological pressures brought about by hydrological changes (Zhao et al., 2008). Mowing removes specific vegetation, regulating plant height and density, and altering species composition, thereby creating favorable foraging conditions for herbivorous geese. These modifications collectively enhance habitat suitability for herbivorous geese by optimizing foraging microhabitats, reducing energy expenditure during feeding activities (Zuo et al., 2018). Moreover, appropriate mowing improves plant quality (Mikhailova et al., 2000; Gardarin et al., 2014), particularly by increasing nitrogen content and reducing crude fiber content, which increases food digestibility and palatability (Veloso and Bozinovic, 1993). These changes increase habitat carrying capacity (Kołos and Banaszuk, 2013; Molina et al., 2021; Van De Koppel et al., 1996), ensuring sufficient food availability for waterbird populations while maintaining critical wetland functions.

The effects of mowing on C. brevicuspis extend beyond aboveground part, exerting substantial impacts on belowground bud banks (Chen and Deng, 2016). Clonal plants such as C. brevicuspis mainly propagate through belowground bud banks (Benson et al., 2004; Sosnová et al., 2010; Deng et al., 2015), with bud germination and tillering are critical for plants to cope with disturbances and stresses. Morphological classification based on rhizome architecture identifies two distinct bud types: long rhizome buds (LRB) and short rhizome buds (SRB) (Chen et al., 2011; Chen and Deng, 2016). Long rhizome buds extend horizontally, facilitating the guerrilla growth form to escape resource-poor or competitive environments. In contrast, short rhizome buds grow vertically, supporting resource-rich environments through a phalanx growth strategy (Chen and Deng, 2016; Ott and Hartnett, 2015). When facing mowing stress, the plasticity of these clonal growth forms allows plants to adapt to various environmental pressures, such as transitioning from phalanx to guerrilla growth, aiding in population recovery and expansion (N’Guessan et al., 2011; Ott and Hartnett, 2015). Consequently, mowing response of C. brevicuspis is intrinsically linked to belowground bud banks (Huhta et al., 2000; Ott and Hartnett, 2015). This study aims to elucidate how mowing optimizes the synergy between aboveground and belowground plant components to improve the food quality of C. brevicuspis, providing more nutritious and digestible food resources for herbivorous geese.

While hydrological impacts on wetland vegetation-geese interactions are well documented (Teng et al., 2023; Liu et al., 2024a), mechanistic understanding of mowing-mediated vegetation quality regulation remains limited. This study addresses three critical questions through systematic analysis of C. brevicuspis: (1) How does mowing affect the food quality of C. brevicuspis, and what are the mechanisms underlie these changes? (2) What are the effects of mowing treatments on the belowground bud banks of C. brevicuspis, and how do these changes impact the plant’s long-term recovery and resilience to mowing pressures? (3) What ecological management implications can be drawn from the mowing experiments?




2 Materials and methods


2.1 Study area

Dongting Lake (28°30′-30°20′N, 111°40′-113°10′E), a quintessential example of a river-linked lake system in the Yangtze River’s mid-reaches, comprises three interconnected sub-basins: East, South, and West Dongting Lake (Figure 1). Spanning 2,625 km² after hydrological adjustments and anthropogenic modifications, it plays a vital role as a regulating lake in the Yangtze River Basin (Xie et al., 2015). The lake exhibits pronounced seasonal hydrological dynamics, with water levels fluctuating from summer peaks near 36 m to winter troughs under 20 m (Zhang et al., 2020). The operation of the Three Gorges Dam has altered the hydrological regime of Dongting Lake, leading to earlier water level recession and premature lake bed exposure (Gao et al., 2020).




Figure 1 | The site location and experimental design of the mowing control experiment, accompanied by an aerial photograph of one of the experimental transects on the right.



East Dongting Lake, the major part of Dongting Lake, has been recognized as the key wintering region in Yangtze River floodplain for hundreds of thousands of migratory waterbirds of the East Asian-Australasian Flyway (Cao et al., 2008). This region hosts over 90% of the geese occurring in Dongting Lake (Cao et al., 2008; Wang et al., 2012), with dominated species including the Eastern Tundra Bean Goose (maximum number, 42,164), Lesser White-fronted Goose (maximum number, 24,261), and Greater White-fronted Goose (maximum number, 12,275) (Zou et al., 2017). This study was conducted at Xiaoxi Lake, located within the East Dongting Lake Wetland Nature Reserve.

This study acquired daily water level data at 08:00 for Dongting Lake were obtained from the Hydrology Inquiry System of Hunan Province, systematically obtaining a complete hydrological data (April 2023 to April 2024) daily water level time-series dataset (Figure 2). According to previous data (Zhang et al., 2021), the water level at which meadows are completely exposed is 25.31 m. Based on historical hydrological analysis (Zhang et al., 2021), the 2023/2024 overwintering period can be defined as early water recession.




Figure 2 | Variations in water level from early April 2023 to early April 2024. The dash line in the upper panels denotes water level of 25.31 m, at which the Carex spp. meadows are entirely exposed (Zhang et al., 2021).






2.2 Experimental design

The experiment was conducted at the field comprehensive observation site of the Dongting Lake Wetland Ecosystem Research Station, Chinese Academy of Sciences (29°30′ N, 112°48′ E, Figure 1). In October 2023, when the sedge meadows were fully exposed in Xiaoxi Lake, typical C. brevicuspis communities were selected in areas with no human disturbances, uniform distribution, and consistent elevation. Three parallel transects dominated by C. brevicuspis were established, near and parallel to the water’s edge. Each transect included three mowing treatments: complete mowing (CM; stubble height < 0.3 cm), stubble mowing (SM; stubble height 15 cm), and no mowing (CK) (Figure 1). Each transect consisted of three quadrats of equal area (each 20 m × 20 m).




2.3 Study species

The Carex vegetation, composed mainly of C. brevicuspis and other species, is one of the dominant vegetation types in Dongting Lake (Xie et al., 2015), widely distributed on meadows with an elevation of 24–26 meters. C. brevicuspis, a perennial herbaceous plant of the genus Carex in the Cyperaceae family, serves as the crucial food for overwintering herbivorous geese in Dongting Lake due to its phenological synchronization with these geese migration (Wang et al., 2019). The life history strategy of C. brevicuspis is closely related to hydrological changes, particularly the timing of the autumn water recession in Dongting Lake. Seasonal flooding from June to October induces vegetative dormancy, with complete submergence of belowground rhizomes. When water recedes in Dongting Lake, C. brevicuspis germinates rapidly and completes its first growth cycle by January. As temperatures decrease, C. brevicuspis gradually turns yellow and enters dormancy. New clonal ramets emerge in spring, marking the beginning of the second growing season. The plants grow rapidly and bear fruit before the next flood, which typically occurs in April or May of the following year, thus completing their life cycle (Deng et al., 2013b; Chen et al., 2014).




2.4 Sample collection and processing

Sample collection was conducted from late October 2023 to March 2024, with sampling occurring twice per month (8th and 23rd of each month), encompassing 11 sampling events (T0-T10). The first sampling on October 23 was designated as T0, and the subsequent samplings on November 8, December 23, and so on, were recorded sequentially up to T10 on March 23. T0 represents the pre-mowing sampling date for C. brevicuspis, and T1 represents the post-mowing sampling date, with the first growth cycle ending at T6 and the second growth cycle beginning at T7. During each sampling event, six 1 m × 1 m quadrats were randomly established for each treatment, resulting in 18 quadrats per sampling. Within the quadrats, the density and height of C. brevicuspis were recorded. All living aboveground parts of the plants (>50% green, potentially photosynthetically active) were harvested, brought back to the laboratory, dried, and weighed to determine biomass and nutrient content (nitrogen and crude fiber). Simultaneously, the belowground parts of the plants were excavated (ensuring the connections between belowground structures were retained), brought back to the laboratory, carefully cleaned, and categorized into bud types (LRB and SRB). The total rhizome buds (TRB) density was calculated as the sum of the LRB and SRB per square meter. The belowground parts were then dried, and their biomass was recorded. Herbivorous geese, the target animals, often rest and defecate near their feeding sites, and the number of droppings can reflect the number of herbivorous geese feeding in the quadrats and their food preferences to some extent. To ensure data accuracy, all droppings within the quadrats were removed after each count.




2.5 Statistical analysis

The differences in C. brevicuspis population characteristics and nutritional levels under different mowing treatments were tested using repeated measures ANOVA, with mowing treatment as the main factor, sampling period as the repeated measure, and transects set as a covariate to eliminate the influence of experimental transects in result comparisons. For data that did not conform to a normal distribution, a Mixed Linear Model was applied to examine the effects of mowing on plant traits in C. brevicuspis populations. As no rhizome buds were produced after late February, the belowground bud banks were not analyzed beyond this period. A one-way ANOVA was conducted to test the differences in C. brevicuspis utilized by herbivorous geese under different mowing treatments. Multiple comparisons of the means of plant traits under three mowing treatments at each sampling period were performed using Tukey’s honest significant difference (HSD) test at a 0.05 significance level. Some of the data were square root- or log10-transformed to reduce the variance heterogeneity, and the homogeneity was tested using Levene’s test. In all the statistical results, statistical significance was set at p < 0.05. All analyses were conducted in R ver. 4.1.2.





3 Results


3.1 Effects of mowing on food quality for herbivorous geese


3.1.1 Moisture content, nitrogen content, and crude fiber content

Mowing treatments and sampling time exerted significant effects on leaf moisture content of C. brevicuspis (Table 1). Specifically, mowing treatments significantly increased the leaf moisture content (p < 0.001, Figure 3A). Both CM and SM treatments maintained elevated moisture levels throughout the overwintering period (Figure 3A), whereas CK treatment exhibited pronounced decline during T5-T7 (p < 0.001, Figure 3A), reaching a nadir at T7, followed by a rapid recovery until the three treatment groups converged.


Table 1 | The linear mixed model on plant traits in C. brevicuspis populations for different mowing treatments.






Figure 3 | (A) Leaf moisture content, (B) nitrogen content, and (C) crude fiber content of Carex. brevicuspis under different mowing treatments, October 2023-March 2024. The data are expressed as the mean ± standard error (SE). Different letters indicate statistically significant differences (Tukey HSD test of pairwise comparisons).



Nitrogen content was significantly affected by both mowing treatments and sampling time (Table 2). Mowing treatments significantly enhanced the nitrogen content in the leaves of C. brevicuspis (p < 0.001, Figure 3B), with no divergence between CM and SM treatments. CK treatment consistently showed lower nitrogen, though treatment differences attenuated by T8-T10.


Table 2 | Summary of repeated ANOVAs on plant traits in C. brevicuspis populations for different mowing treatments (F and P-values).



Crude fiber content was significantly affected by both mowing treatments and sampling time (Table 2). SM treatment significantly reduced crude fiber content in the leaves of C. brevicuspis (p < 0.05, Figure 3C). Although the differences between CM and CK did not reach the traditional significance level (p=0.057), the observed trends suggest that the CM treatment may exert some influence on the crude fiber content of C. brevicuspis. However, no significant difference was observed between CM and SM treatments (p > 0.05).





3.2 Effects of mowing on population characteristics of C. brevicuspis


3.2.1 Sward height and density

Mowing treatments and sampling time imposed strong suppressive effects on the height and density of C. brevicuspis (Table 1). However, there were no significant differences in height and density between CM and SM treatments (p > 0.05, Figures 4A, B). Notably, in the second growing season, the height of C. brevicuspis under both mowing treatments was significantly lower than CK treatment (p < 0.001, Figure 4A), while the density showed no significant difference (p > 0.05, Figure 4B).




Figure 4 | (A) Sward height, (B) density, (C) above-ground biomass, and (D) root biomass of C. brevicuspis under different mowing treatments, November 2023-March 2024. The data are expressed as the mean ± standard error (SE). Different letters indicate statistically significant differences (Tukey HSD test of pairwise comparisons).






3.2.2 Aboveground biomass and root biomass

Both mowing treatments and sampling time had highly significant effects on the aboveground biomass of C. brevicuspis (Table 1). Mowing treatments significantly reduced the aboveground biomass (p < 0.001, Figure 4C), with both CM and SM treatments exhibiting similar trends. The aboveground biomass remained at low levels from T1 to T8 and increased rapidly at T9 and T10.

The root biomass of C. brevicuspis was not significantly affected by mowing treatments (Table 2), but it was significantly affected by sampling time (p < 0.01, Table 2). The trends in root biomass under different treatments were relatively similar. Although no significant differences were observed at the α = 0.05 level, the root biomass in CM treatment was slightly lower than in the other treatment groups (Figure 4D).





3.3 Effects of mowing on the belowground Bud banks of C. brevicuspis


3.3.1 Changes in the density of rhizome buds of C. brevicuspis

The sampling time had a significant effect on the TRB density, as well as SRB density and LRB density (Table 2), however, the density of rhizome buds was not significantly affected by the mowing treatments (Figures 5A–C). Most of the rhizome buds of C. brevicuspis were composed of SRB (Figure 6), and the ratio of SRB to LRB was not affected by either mowing treatments or sampling time (p > 0.05, Table 1). The changes in the SRB and TRB densities displayed similar trends for all treatments (Figures 5A, B).




Figure 5 | (A) Total rhizome buds (TRB), (B) long rhizome buds (LRB), and (C) Short rhizome buds (SRB) density of C. brevicuspis populations under different mowing treatments, November 2023-February 2024. Different scales are used on the y-axis. The data are expressed as the mean ± standard error (SE).






Figure 6 | The proportion of short rhizome buds (SRB) of C. brevicuspis under different mowing treatments, November 2023-February 2024. The data are expressed as the mean ± standard error (SE).






3.3.2 Changes in the biomass of rhizome buds

The sampling time had a significant effect on the biomass of rhizome buds, mowing treatments significantly reduced the biomass of LRB (Table 1), while there was no significant difference between CM and SM treatments (p > 0.05, Figure 7A). The biomass of SRB was significantly affected by both mowing treatments and sampling time (Table 2). Mowing significantly reduced the biomass of SRB (p < 0.001, Figure 7B). The biomass in CM treatment was significantly lower than in CK treatment (p < 0.001), and SM treatment was also lower than CK treatment (p < 0.001), no significant difference was observed between CM and SM treatments (p > 0.05, Figure 7B).




Figure 7 | (A) Biomass per long rhizome buds (LRB) and (B) short rhizome buds (SRB) of C. brevicuspis populations under different mowing treatments, November 2023-February 2024. The data are expressed as the mean ± standard error (SE). Different letters indicate statistically significant differences (Tukey HSD test of pairwise comparisons).







3.4 Effects of mowing on utilization of C. brevicuspis by Bean geese

Bean geese, the dominant overwintering goose species in Dongting Lake, exhibit strong trophic reliance on C. brevicuspis (Zuo et al., 2018). Based on previous research (Zhang et al., 2020), we analyzed the utilization of C. brevicuspis under different mowing treatments. The results showed significant differences in the percentage of food utilization by Bean geese among CM, SM, and CK quadrats during the overwintering period (p < 0.001, Figure 8A). The number of Bean geese droppings was highest in CM quadrats, followed by SM quadrats, and lowest in CK treatment. This indicates that mowing, particularly CM, significantly increased the utilization rate of C. brevicuspis by Bean geese (Figures 8A, B), which is likely closely related to the significant improvement in C. brevicuspis quality following mowing (Figures 3A–C).




Figure 8 | (A) Percentage of goose droppings in quadrats with different mowing treatments, November 2023-March 2024. (B) A photograph captured by an infrared camera showing Bean Geese foraging in the sampling site. The data are expressed as the mean ± standard error (SE). Different letters indicate significant differences at the 0.05 significance level. Different lowercase letters denote significant differences among treatments with a p < 0.05.







4 Discussion


4.1 Mechanisms of mowing-induced improvement in food quality for herbivorous geese

Our study showed that mowing improves the food quality for herbivorous geese through the synergistic effects of compensatory growth and clonal growth strategies. Mowing significantly improved the food quality for herbivorous geese, manifested by increased moisture and nitrogen content of C. brevicuspis coupled with decreased crude fiber content (Figures 3A–C). These observations align with findings from previous studies (Mikhailova et al., 2000; Gardarin et al., 2014). Increased leaf nitrogen content generally reflects higher chlorophyll concentrations and enhanced photosynthetic rates (Ziter and MacDougall, 2013), the elevated leaf nitrogen content in C. brevicuspis likely results from resource reallocation induced by compensatory growth, which stimulates the synthesis of proteins and nucleic acids (Hou et al., 2020). These biomolecules are crucial for restoring photosynthetic machinery, thereby enhancing both leaf nutritional quality for herbivorous geese. Concomitantly, the mowing-induced decline in crude fiber directly improved food digestibility for herbivorous geese, as crude fiber content relates negatively to digestibility of food (Waghorn and Clark, 2004). This process is intrinsically linked to the plant’s clonal growth strategy, C. brevicuspis accelerates the repair of photosynthetic organs and the synthesis of metabolites through rapid activation of its belowground bud banks, particularly short rhizome buds (SRBs). The synergistic improvement of both nutrient availability and food digestibility provides a mechanistic explanation for the elevated defecation rate observed in Bean geese utilizing mowed vegetation quadrats (Figures 5A, B).

Mowing significantly reduced height, density, and aboveground biomass of C. brevicuspis compared to CK treatment (Figures 4A–C), our study also showed that the height of C. brevicuspis in mowing treatments was consistently lower than CK treatment throughout the experiment (Figure 4A), attributable to both direct removal of photosynthetic tissues (Liu et al., 2023) and positive feedback from geese preferentially foraging on shorter vegetation (Cong et al., 2012; Fox et al., 2013), which is consistent with the results of this study (Figures 8A, B). Herbivorous geese preferentially foraged in the mowed quadrats, subjecting C. brevicuspis to repeated mowing pressure, which slowed its growth during recovery and regeneration, further influencing its overall growth.

The ability of plants to regenerate and grow after mowing is likely closely related to carbon reserves in perennial organs (Deng et al., 2013a). Bud formation requires energy and carbon allocation, and in response to mowing stress, C. brevicuspis may prioritize resource allocation to increase nutritional content (e.g., nitrogen and moisture content, Figures 3A, B). Following mowing, plants may allocate more resources to bud survival and regeneration, rather than to the growth and development of new buds, leading to reduction in bud biomass (Figures 7A, B). Moreover, although root biomass showed no significant changes (Table 2), root growth is still affected by resource allocation. Mowing reduces soil organic matter by decreasing aboveground biomass (Snyder and Williams, 2003), thereby limiting the return of plant residues to the soil and decreasing the transfer of photosynthetic carbon to roots (Wei et al., 2016). Reduced carbon accumulation and energy supply may cause plants to allocate more resources to aboveground regeneration, restoring photosynthesis under mowing stress (Mikola et al., 2009). This adjustment may explain the relative stability and delayed response of root systems to external disturbances, as root biomass in the complete mowing treatment was slightly lower than in other treatments (Figure 4D).

Under persistent mowing pressure, C. brevicuspis maintained both density homeostasis and compositional homeostasis in its belowground bud bank. However, this study involved only a single winter season (2023/2024) of mowing experiments; whether frequent mowing would induce degradation of Carex species remains to be further investigated. Belowground bud bank regeneration depends on the number and location of dormant and viable buds stored on belowground organs (Bombo et al., 2022). The recovery of bud banks of C. brevicuspis after mowing is driven by two key mechanisms: (1) rapid regeneration of short rhizome buds (SRB), which prioritize vertical tillering, and (2) horizontal expansion of long rhizome buds (LRB) (Ott and Hartnett, 2015; Chen and Deng, 2016). This structural allow clonal plants to regenerate and persist after disturbances, thereby promoting population resilience (Chen and Deng, 2016). For C. brevicuspis, mowing did not significantly affect the density of its belowground bud banks (Figures 5A–C), which may be closely related to its unique survival and regeneration mechanisms. C. brevicuspis not only survives mowing but also activates dormant buds while regenerating photosynthetic tissues (Ott and Hartnett, 2011), this coordinated response enhances resource allocation efficiency, thereby accelerating post-disturbance recovery (Dalgleish and Hartnett, 2009). Despite reduced biomass per ramet (Figures 7A, B), the stable bud density (Figures 5A–C) suggests that C. brevicuspis compensates for biomass loss through accelerated activation of dormant buds rather than bud neogenesis. Moreover, this adaptation maintains bud bank composition stability under mowing treatments (Figure 6), as both SRB and LRB experience comparable growth constraints while effectively contributing to vegetative regeneration. Therefore, although subjected to disturbance pressure, C. brevicuspis sustains population persistence through its bud bank recovery.




4.2 Ecological trade-offs and management implications of long-term mowing

Hydrological regimes significantly affect waterbirds’ foraging behavior, diversity, and abundance by altering habitat availability and vegetation conditions (Xia et al., 2017; Liu et al., 2024b). Study has shown that the spatial distribution of Lesser White-fronted Geese in East Dongting Lake was significantly correlated with hydrological regimes (Zhang et al., 2018), where annual changes in hydrological conditions may exacerbate waterbird population distributions differences across years. Early water recession often triggers habitat shifts, driving geese to forage on mudflats and exploit alternative food resources such as dicotyledons and mosses (Zhang et al., 2020). Water level fluctuations directly affect the composition, distribution, and productivity of wetland vegetation (Guan et al., 2014; Gao et al., 2020; Wang et al., 2023), which, in turn, influence the populations of herbivorous geese dependent on these plants for food (Zhang et al., 2021). Seasonal water recession timing and magnitude in East Dongting Lake critically determine the exposure duration of meadows and successional trajectories of plant communities (Cong et al., 2012). If the water level drops too early in autumn (Figure 2), plants like C. brevicuspis may age prematurely, reducing their quality by the time geese arrive in early November. This decline forces geese to feed on older-growth plants (Cong et al., 2012). Herbivorous geese then face sedge meadows with low crude protein and high fiber content (Zhang et al., 2021), exacerbating mismatches between food quality and their energy demands (Guan et al., 2014; Sun et al., 2020). Conversely, delayed water recession suppresses plant germination, resulting in winter food scarcity (Zhang et al., 2020). Consequently, adaptive management strategies integrating hydrological variability must be prioritized in wetland conservation to ensure both food supply and habitat quality for herbivorous geese.

While mowing improves short-term food quality through compensatory growth, frequent interventions risk depleting carbon reserves and impairing bud bank functionality. After mowing disturbances, plants prioritize carbon and nutrient allocation to increase nitrogen and moisture content, accelerating the recovery of photosynthesis and growth to ensure their growth potential. Continuous mowing may gradually deplete carbon reserves and bud banks, thereby reducing recovery capacity (N’Guessan et al., 2011). Our results showed that mowing significantly reduces the biomass of rhizome buds per ramet (Figures 7A, B), which may impact the density of belowground bud banks over the long term, consequently affect C. brevicuspis population density. Moreover, stubble height determines the retention of photosynthetic organs (leaves), enabling continued post-mowing photosynthesis to fuel regeneration. This process supplies energy and carbon to belowground structures (e.g., bud banks and roots), alleviating their stress (Wang et al., 2015). Stubble height is also a critical factor for the response of plant nutrient concentration to mowing (Yang et al., 2020). The retention of stubble height is pivotal for balancing short-term food quality and long-term ecosystem stability. Moderate stubble heights preserve partial photosynthetic tissues, sustaining post-mowing carbon fixation to fuel root and bud bank recovery (Wang et al., 2015). Appropriate mowing intensity can enhance nutrients concentration of plants and population stability (Ji et al., 2021). Studies in Inner Mongolian steppes confirmed that heavy mowing (stubble <6 cm) suppresses plant biomass recovery by damaging photosynthetic organs and growth points, while light mowing (stubble >12 cm) optimizes both productivity and nutrient retention (Yang et al., 2020). This residual biomass mitigates soil carbon loss by maintaining organic matter input, thereby stabilizing microbial activity and nutrient cycling (Snyder and Williams, 2003; Ziter and MacDougall, 2013). A 4-year mowing experiment in Leymus chinensis grasslands also demonstrated that stubble heights of 6–12 cm enhanced plant nutrient concentrations without significantly altering soil organic carbon or total nitrogen pools, suggesting a decoupling between rapid plant responses and slower soil nutrient dynamics (Yang et al., 2020). Conversely, ground-level mowing (stubble <0.3 cm) reduced soil organic carbon by 7.3% over four years due to diminished root exudation and litter decomposition, highlighting the risks of carbon reserve depletion under intensive management (Liu et al., 2023).

Therefore, to alleviate the mismatch between food availability and the arrival timing of herbivorous geese caused by hydrological changes, it is essential to scientifically regulate mowing frequency and intensity. This approach aims to enhance food quality for herbivorous geese while ensuring their sustained growth and recovery capacity. These combined effects maintain the stability of wetland ecosystems and the sustainability of waterbird habitats.





5 Conclusion and recommendations

This study explored the role of mowing in improving the food quality for herbivorous geese in Dongting Lake and its underlying mechanisms through a mowing control experiment. The results showed that mowing significantly improved the food quality of C. brevicuspis, optimizing its palatability and nutritional value, thus providing more abundant food resources for herbivorous geese. Mowing improves the food quality for herbivorous geese through the synergistic effects of compensatory growth and clonal growth strategies. Mowing increased the nitrogen and moisture content of C. brevicuspis while reducing the crude fiber content. Simultaneously, mowing significantly reduced the density, aboveground biomass, and belowground bud biomass of C. brevicuspis, which may affect its long-term recovery potential. Therefore, this study demonstrates that mowing is an effective management measure to enhance the food availability for herbivorous geese during the overwintering period. However, wetland management and conservation should carefully consider mowing frequency and intensity and adjust them according to hydrological changes and the needs of herbivorous geese. Such a management strategy not only improves food quality but also ensures the long-term growth and recovery of plants, thereby supporting the sustainability of wetland vegetation and the food supply for herbivorous geese.
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