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ABSTRACT 

The ecological significance of aquatic bird guano in a wetland ecosystem like Udpuria Talab 

(located in Digod, Kota, Rajasthan, India) highlights the critical role of waterbirds as ecosystem 

engineers and nutrient vectors. [1, 2] 

Udpuria Talab is a vital regional wetland that serves as a sanctuary for both local resident 

waterbirds and a large influx of winter migratory species (such as the Ruddy Shelduck, Painted 

Stork, and Oriental Darter). The accumulation of bird guano (excrement) within this closed or 

semi-closed freshwater system drives essential biochemical and biological dynamics. [1, 2, 3, 4] 
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INTRODUCTION 

Guano is exceptionally rich in macronutrients, primarily Nitrogen (N) and Phosphorus (P). Birds 

feeding in surrounding agricultural fields or separate foraging grounds return to roost at Udpuria 

Bird Sanctuary, acting as mobile bio-vectors that transport external organic matter into the lake 

ecosystem. This phenomenon, known as guanotrophication, accelerates local nutrient loops: [1, 

2] 

 Ammonification and Nitrification: Microbial decomposition of uric acid from the guano releases 

bioavailable forms of nitrogen into the water column. 

 Phosphorus Influx: In a contained rural body like Udpuria Talab, this natural fertilization 

provides crucial chemical inputs that might otherwise be limited.[1,2,3] 

Primary Productivity and Food Web Acceleration 

The steady release of N and P directly boosts the primary biological productivity of the wetland. 

[1, 2] 

 Plankton Blooms: Nutrients encourage the rapid proliferation of phytoplankton (microscopic 

algae) and cyanobacteria, which form the absolute baseline of the aquatic food web. [1] 

 Secondary Consumers: The surge in phytoplankton supports a thriving population of 

zooplankton, macroinvertebrates, and indigenous fish stocks. This ensures an abundant food 

supply that circles right back to sustain larger predatory fish, amphibians, and the avifauna 

themselves. [1, 2] 

Vegetation and Aquatic Macrophytes 
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Nitrient-dense sediment at the bottom of the talab assists the growth of emergent and submerged 

aquatic macrophytes. These plants provide essential structural coverage, offering nesting sites 

and shelter for birds and small aquatic fauna, maintaining the physical integrity of the wetland 

habitat. [1, 2] 

Biogeochemical Balance and Conservation Risks 

While guano is an essential driver of the wetland's health, its impact is highly sensitive to bird 

density and water volume. 

 The Balancing Act: Optimal nutrient enrichment supports high biodiversity. [1, 2] 

 The Eutrophication Risk: During dry spells or periods of excessive crowding, heavy loading of 

guano can oversaturate the water body. This can lead to hyper-eutrophication, resulting in dense 

algal blooms that deplete dissolved oxygen (anoxia) and potentially stress the native fish 

populations. [1, 2] 

Therefore, the input of avifaunal guano at Udpuria Talab is a fundamental ecological process that 

preserves the system's biological viability, showcasing how closely linked bird conservation is to 

overall wetland management in Rajasthan's Hadoti region[4,5,6] 

 

DISCUSSION 

Aquatic bird guano acts as a natural fertilizer and primary driver of guanotrophication, 

significantly altering the nutrient balance and biological productivity of wetland ecosystems. [1, 

2, 3] 

Nutrient Enrichment and Biogeochemistry 

 Nitrogen and Phosphorus Loading: Guano is rich in bioavailable nitrogen (N) and phosphorus 

(P)—specifically as nitrates (NO₃) and phosphates (PO₄)—which directly elevate nutrient 

concentrations in the water column. [1] 

 Sediment Retention: Wetland sediments rapidly absorb a large portion of total phosphorus from 

guano, while a significant share of nitrogen remains active in the water and cycles through 

microbial pathways. [1] 

 Nutrient Vectors: Waterbirds function as mobile zoogeochemical links: 

o Birds that feed and defecate within the same waterbody (moorhens, coots, pygmy geese) recycle 

and transform localized nutrients. 

o Birds that feed on land and roost in wetlands (ducks, geese, swans) cause a net import of external 

nutrients into the aquatic ecosystem. [1, 2, 3] 

Primary Production and Food Web Dynamics 

 Algal and Plankton Growth: Nutrient pulses stimulate the proliferation of phytoplankton, 

periphyton, and aquatic weeds, forming the base of the wetland food web. [1, 2] 

 Invertebrate and Fish Support: Enhanced primary productivity increases microinvertebrates, 

zooplankton, and benthic organisms, which in turn sustain local fish stocks and higher trophic 

predators. [1, 2, 3] 

Management and Eutrophication Risks 
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 Dual Nature (Guanotrophication): While moderate guano inputs enrich biodiversity and support 

plant and animal growth, excessive accumulation from dense, unnaturally concentrated bird 

populations can trigger hyper-eutrophication, oxygen depletion, and toxic algal blooms. [1] 

 Balanced Conservation: Effective wetland management requires tracking seasonal waterbird 

fluctuations to balance natural nutrient enrichment with water quality preservation. [7,8,9] 

Udpuriya Talab is a natural water body and wetland area located near Udpuriya Village in Digod 

Tehsil of Kota District in Rajasthan, India. [1, 2] 

Key Details 

 Location: Udpuriya village, Digod sub-division/tehsil, Kota district, Rajasthan (Pincode: 

325201). [1, 2, 3] 

 Distance from Kota: Roughly 32 km east of Kota city and about 8 km from Digod tehsil 

headquarters. [1] 

 Biodiversity and Migratory Birds: The pond and surrounding wetland area serve as a prominent 

seasonal breeding and roosting site for various migratory and resident bird species—most 

notably Painted Storks (Janghila), Openbill Storks, Black-necked Storks, and Purple Moorhens. 

[1] 

 Seasonality: The bird activity and congregation peak annually between August and February, 

drawing local attention and nature enthusiasts. [1] 

 Local Context: Udpuriya is a small rural settlement administered under the Doongarja Gram 

Panchayat within the Sangod Vidhan Sabha assembly constituency. [1] 

 

RESULTS 

The ecological significance of aquatic bird guano within a wetland ecosystem—specifically 

contextualized around Udpuria Talab (Udpuria Wetland) in Digod, Kota, Rajasthan, India—

revolves around a biophysiological phenomenon known as guanotrophy. Aquatic birds act as 

critical mobile nutrient vectors, actively gathering nutrients across various foraging grounds and 

depositing them into the localized wetland matrix via their excrement. [10,11,12] 

At Udpuria Talab—a notable rural wetland hotspot populated by resident and winter migratory 

waterbirds like the Brown Crake, Oriental Darter, Eurasian Coot, Indian Cormorant, and various 

egrets—this guano acts as a foundational biological engineering driver. [1, 2, 3] 

 

Spatial & Ecological Framework 

Macro-Geographic Range 

Udpuria Talab is nestled within the semi-arid landscape of the Kota district in southeastern 

Rajasthan, India. The geographic positioning makes this region a crucial hub for the Central 
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Asian Flyway, bringing thousands of migratory waterfowl (such as winter migrant ducks of the 

Anatidae family) to rest alongside localized residential aquatic birds. [1] 

Micro-Environmental Habitat 

The micro-environment comprises a shallow freshwater inland wetland ecosystem enclosed by 

agricultural croplands and riparian vegetation. The presence of emergent vegetation and roosting 

trees offers ideal nesting and chick-rearing structures. This specific structural setup concentrates 

large avian flocks over narrow spatial boundaries, directly dictating localized nutrient influxes 

into the water and sediment. [1, 2, 3] 

Ecological Significance of Guano at Udpuria Talab 

1. Nutrient Loading and Geochemical Cycling 

Fresh avian guano is highly concentrated in essential macro-nutrients, carrying roughly 11% to 

16% Nitrogen (primarily uric acid), 8% to 12% Phosphoric Acid (phosphorus), and 2% to 3% 

Potash (potassium). [13,14,15] 

 The Nutrient Vector Loop: Waterbirds that forage in surrounding agricultural crop fields but 

roost overnight at Udpuria Talab create a net import of terrestrial nutrients directly into the 

aquatic basin. [1, 2] 

 Chemical Conversion: Herbivorous and piscivorous species breakdown complex organic 

elements, expelling them as bio-available nitrates (NO₃⁻) and phosphates (PO₄³⁻), which rapidly 

alter the limnological chemistry of the pond. [1, 2] 

2. Fueling the Trophic Web (Primary Productivity) 

The immediate biological outcome of guanotrophy is the upregulation of the wetland's primary 

productivity. [1] 

 Plankton Blooms: The surge in localized nitrogen and phosphorus levels triggers rapid growth 

spikes in phytoplankton and micro-algae populations. [1] 

 Invertebrate and Fish Stocks: These micro-algal blooms sustain diverse communities of 

zooplankton and aquatic macro-invertebrates. These, in turn, scale up the carrying capacity for 

local fish species, securing a self-sustaining food web that attracts tertiary predatory birds like 

herons, harriers, and ospreys. [1, 2, 3, 4] 

3. Wetland Macrophyte and Riparian Growth 

Guano drops collected under localized roosting trees act as a potent, natural slow-release 

fertilizer. This nutrient boost stimulates the growth of emergent macrophytes (like reeds and 

sedges) along the shoreline margins of Udpuria Talab. Healthy macrophyte layers provide 

crucial cover for breeding, cryptic nesting spots, and natural bio-filtration that stabilizes the 

shoreline against erosion. [1, 2, 3, 4] 

4. The Delicate Balance: Risk of Eutrophication 
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While guano deposition is a healthy driver of baseline productivity, it carries ecological risks if 

the system is compromised. Because Udpuria Talab sits in proximity to agricultural zones, it 

suffers from additive pressures like synthetic chemical runoff. [1, 2, 3] 

 Over-saturation: An extreme congregation of avifauna, combined with shrinking water levels 

during dry summer months, can push nutrient loads beyond the threshold, leading to 

guanotrophication. [16,17,18] 

 Deoxygenation: Excessive organic loading can drop dissolved oxygen levels drastically, 

stressing fish stocks and increasing the threat of pathogenic outbreaks (like avian botulism or 

coliform multiplication). [1, 2] 

 

Summary: Guano-Driven Ecosystem Mechanics 

Ecosystem 

Metric 
Direct Impact of Guano Long-term Ecological Value 

Water Chemistry Elevates NO₃⁻ and PO₄³⁻ levels. 
Shifts the trophic state to support 

complex life. 

Primary 

Production 

Stimulates phytoplankton and 

macrophyte growth. 

Increases the biological carrying 

capacity of the wetland. 

Secondary 

Production 

Multiplies invertebrate and fish 

biomass. 

Enriches foraging guilds for predatory 

avifauna. 

Soil Quality 
Deposits rich organic matter 

underneath roosting areas. 

Enhances riparian vegetation structure 

and shoreline stability. 

 

Aquatic bird guano is the accumulated excrement, eggshells, and remains of marine and coastal 

birds (such as cormorants, pelicans, boobies, and gannets). [1, 2, 3] 

Key Characteristics & Composition 

 Nutrient Richness: Bird guano is a highly potent organic fertilizer containing approximately 11% 

to 16% nitrogen, 8% to 12% phosphoric acid (phosphate), and 2% to 3% potash (potassium). [1, 

2] 

 Dietary Origin: Produced by fish-eating seabirds, whose marine diet concentrates high levels of 

nitrogen, phosphorus, and minerals in their waste. [1, 2] 

 Dry Climate Formation: Accumulates in thick layers primarily in rainless, hot, and dry coastal 

regions and remote islands (such as the Chincha Islands off Peru or parts of Namibia) where the 

arid sun bakes the deposits into a dry, powdery form. [1, 2, 3] 

Historical & Economic Significance 

 Ancient Agriculture: Used for over 2,000 years by indigenous Andean societies—including the 

Chincha Kingdom and Incas—to supercharge maize (corn) production in desert soils. [1, 2, 3] 
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 The 19th-Century Guano Boom: Sparked a global trade and resource rush (including the U.S. 

Guano Islands Act of 1856 and the Guano Wars) before synthetic nitrogen fertilizers (Haber-

Bosch process) largely replaced it in the 20th century. [1, 2, 3, 4] 

 Modern Uses: Still harvested under strict, sustainable state management (such as in Peru) for 

organic and specialty farming. [1, 2] 

 

CONCLUSION 

Guano (accumulated bird or bat excrement) acts as a powerful nutrient and chemical driver in 

wetland ecosystems, influencing plant growth, water chemistry, and toxin accumulation. [1, 2] 

Key Ecological Roles in Wetlands 

 Nutrient Enrichment: Seabird and wading bird guano injects high levels of nitrogen, phosphorus, 

potassium, and organic matter into wetland soils and tree islands. This nutrient boost accelerates 

plant productivity and helps stabilize fragile wetland or coastal vegetation. [1, 2, 3] 

 Mercury and Toxin Transport: Wading birds and seabirds can shuttle heavy metals—specifically 

toxic methylmercury (Hg)—into wetland food webs via their guano. In specific areas like the 

Florida Everglades, guano deposition rates for mercury have been measured at significantly 

higher rates than direct atmospheric fallout. [1] 

 Trophic Base and Microbial Activity: Guano stimulates heterotrophic microbes, specialized 

bacteria, and fungi that break down organic waste, shaping localized aquatic and benthic food 

chains. 

 Over-Enrichment Trade-offs: Excessive accumulation can lead to local phytotoxicity ("plant-

burning"), severe odors, altered pH levels, and shifts in native aquatic plant and invertebrate 

compositions. [19,20] 
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