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Abstract 
River sediment is a geochemical storage site, physical habitat, and exposure pathway for benthic organisms. This article 
studies how sediment chemistry and substratum variability may contribute to the presence and abundance of benthic 
macroinvertebrates in the River Jhelum and its Kashmir Himalayan tributaries. It differentiates direct evidence of the 
Jhelum from other studies concerning dominating processes. A priority was given to studies published during the years 2020 
to 2025. Data across the Jhelum Basin show that benthic communities vary along the longitudinal axis of the river and 
within different seasons. The finer sediments that compose a habitat type, together with pH, temperature, discharge, habitat 
type, and the degree of disruption of natural flow regimes, are important factors influencing the structure of the benthic 
community. Studies of the upper reaches of the river basin show that the agricultural, built-up, and mineral disturbance of 
the catchment influences the chemical and physical nature of the sediment available to form benthic communities. Several 
field and experimental studies show that excess fine sediment may reduce interstitial space, inhibit hyporheic exchange, and 
hyporheic refugia, thereby adversely affecting sensitive rheophilic taxa. The addition of organic matter may change food 
resources and the oxygen demand of the sediments. Bioavailable fractions of metals present in sediments should also be 
addressed. The suggested evaluations support direct Jhelum evidence of substratum and flow pathways, broad hydrochemical 
controls, and insufficient direct sediment-metal-to-benthos evidence. A suggested standardized monitoring program includes 
grain-size fractions, sediment organic matter, embeddedness, nutrient chemistry, metal fractionation, hydrology, and 
macroinvertebrates and DNA-based taxonomy. 
Keywords: River Jhelum; sediment chemistry; substratum; benthic macroinvertebrates; fine sediment; freshwater ecology; 
biomonitoring. 
 
INTRODUCTION 
River sediments are not passive. Sediment-water interfaces feature interactions between mineral and organic 
matter and nutrients and contaminants, as well as microbes, processes, and hydraulics that control oxygen 
input and output, resource availability, and habitat design. For benthic macroinvertebrates, sediments offer 
attachment, refuge, feeding, oviposition, and defense against disturbance. Consequently, changes in 
disposition of sediments, enrichment of sediments, or increases in the loading of sediment contaminants can 
have strong impacts on community structure, even when standard measures of water column conditions are 
satisfactory [20-32] Sediment is therefore an important component of ecological analysis due to its dual role 
in chemistry and physics. 
 
The River Jhelum drains a region of the Himalayas that has a wide range of climate and geomorphology and 
includes an extensive range of snowmelt-influenced headwaters, tributaries, reaches that have been influenced 
by a range of human activities, and low gradient depositional systems. Recent basin studies have documented 
large changes in water quality, pressure on land use, and aquatic systems over both large and small spatial 
scales and across all seasons [1-19]. Sabha et al. analyzed 18 Jhelum Basin watersheds. Across a two-year period, 
they found that metrics of the EPT (Ephemeroptera, Plecoptera, and Trichoptera) Community declined in 
the metrics of richness, diversity, and density. Streamflow discharge and water temperature measured during 
the summer months positively affected both EPT Community metrics and EPT Community metrics. In 
contrast, biological variation in the winter months was explained best by the presence of fine sand and the 
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pH of stream water [1]. Lopez et al. also studied the Jhelum longitudinal gradient [4], and their research 
confirmed the importance of mesohabitat and substrata. Similar research on the Sindh tributary conducted 
by Zahid et al. and earlier studies, also indicated that changes in benthic assemblages were correlated with 
changes in the structure of sediments [3,7,8]. 
A major research gap exists. The majority of the studies conducted at Jhelum research sites have examined 
water quality, hydrology, land use, bio-diversity, and sediments separatly. However, Jhelum studies have not 
directly integrated sediment chemistry, sediment bioavailability, substratum structure, and macroinvertebrate 
responses. Total sediment metal concentrations do not reflect biological exposure, and the ecological impact 
of fine sediment depends on the concentration of organic matter, the velocity of the current, and the season 
and habitat complexity [20-29,42-50]. Therefore, this review examines sediment chemistry interacting with 
substratum and how this interplay impacts the taxonomic composition, diversity, abundance, functional 
organization, and condition of benthic communities in the Jhelum system. Additionally, this review examines 
different studies and provides direct evidence from the Jhelum system and other studies of the Himalayan 
region to support this evidence. By examining the studies, this review will prioritize the strength of the 
evidence and determine the gaps that exist and the measurements needed to develop an effective monitoring 
framework for sediment-benthos in the region. 
 
REVIEW METHODOLOGY 
Rather than conducting primary field or lab research, this review used a structured secondary-data approach. 
Published literature on the River Jhelum, Kashmir Himalayan tributaries, sediment chemistry, substratum, 
fine sediment, heavy metals, nutrient enrichment, benthic macroinvertebrates, biomonitoring, and 
hydrological regulation was reviewed. Search combinations included “Jhelum sediment chemistry”, “Jhelum 
benthic macroinvertebrates”, “Kashmir substrate benthos”, “fine sediment macroinvertebrates”, “sediment 
metals benthic invertebrates”, and related terms. The most current evidence (2020-2025) was selected, 
however older studies retained where Jhelum-specific hydrochemistry or relevant regional studies were 
provided. The final corpus contains exactly 100 scholarly sources. Matching and duplicate articles were 
checked using publisher sites, and/or DOI-resolving or equivalent scholarly metadata. 
 
Studies were classified into three broad categories based on the type of evidence they provided: (i) direct 
Jhelum/Jhelum basin evidence; (ii) Kashmir or Western Himalayan comparative evidence; or (iii) broader 
mechanistic/biomonitoring evidence. The different sampling gears, levels of taxonomic resolution, differing 
definitions of particle size, methods of sediment measurement, varying hydrological conditions and different 
biological endpoints prevented the pooling of numerical values. Thus a formal meta-analysis was not justified. 
Instead, a semi-quantitative evidence assessment based on directness, consistency and replication was 
employed. "Strong" means several mutually consistent direct or closely comparable studies; "moderate" means 
repeated support with some contextual dependence; "limited" means few studies or indirect support; 
"inconsistent" means contrasting response directions; and "insufficient Jhelum-specific evidence" means a 
plausible mechanism, which has been described outside the basin, has not been examined in the Jhelum. No 
new field observations, concentrations, effect sizes, p-values or model coefficients were constructed. 
 
Evidence Synthesis Results 
The evidence map indicated that macroinvertebrate evidence dominates physical habitat evidence. Direct 
Jhelum and Kashmir studies repeatedly showed macroinvertebrate variation as a result of variations in fine 
substrate, habitat type, flow, temperature, solids and longitudinal position (1-8). In contrast, basin studies of 
hydrochemistry, trophic state and land use primarily described the chemical setting and did not demonstrate 
coupled sediment-chemistry effects on macroinvertebrates (9-19). This distinction is crucial to interpretation: 
it supports the conclusion that bed structure and hydrology act as ecological filters, but only a conclusion of 
moderate assurance can be drawn that broad chemical gradients impact benthic structure, and it is not 
appropriate to attribute biological change to any sediment contaminant. 
Relative to other phenomena, fine-sediment effects were the most uniformly represented in comparative 
literature. Field studies, multi-year studies, and experimental studies have found that a build-up of deposited 
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fines can decrease interstitial space, alter the use of drift and refuge, react with reduced velocity, and also affect 
both the taxonomic and functional measures [20-29]. Biomonitoring studies have also found that changes in 
sediment abundance and velocity, the presence of organic matter in the sediment, and disturbance of the 
upland region can explain different parts of the assemblage [30-41]. The metal literature makes a different 
point: when total sediment concentration is measured, ecological understanding is enhanced by the presence 
of extractable fractions, chemistry of pore waters, bioaccumulation or ecotoxicity [42-50]. Nonlinear responses 
can exist in nutrient and organic matter studies, where enrichment can act as a supply of nutrients or a stressor 
dependent on the background and the state of oxygen [51-59]. 
 
Hydrological regulation and trait-based studies further support the need for integration [60-80]. When 
sediment, hydraulic habitat and connectivity are all changed by dams, biological responses cannot be explained 
solely by flow. Flow response traits and biomolecular approaches provide increased mechanistic sensitivity, 
but still require concurrent environmental measurements [68-79; 87; 95]. Overall, the evidence is strongest 
for the substrate and flow paths, moderate for hydrochemical and organic/nutrient paths, and insufficient 
Jhelum-specific evidence for a causal relationship between metals and benthos. This evidence informed the 
construction of the analytical tables and the conceptual model. 
 
Sediment Chemistry of the Jhelum System 
Current data pertaining to the Jhelum basin suggest a chemically diverse river system influenced by factors 
including lithology, snowmelt, human activities and land use. Published hydro-chemical data report both 
natural and man-made controls on weathering, while some catchment studies suggest that different land use 
classes, including agriculture, construction, bare and other classes of land cover, change water quality at 
multiple scales [9-15]. Recent studies on the status of aquatic ecosystems and chlorophyll have added new 
insights on the potential of the basin to experience nutrient enrichment, while others have focused on the 
relatively longer time period [16]. While these studies have not measured sediment-to-benthos exposure, they 
have provided important insights regarding the context in which sedimentary processes and biological 
assemblages may occur. 
Organic matter and nutrients can impact the benthic community in several ways. Organic matter can positively 
impact microbial stream process, but organic enrichment can lead to low oxygen concentrations in sediments. 
Comparative studies of other river systems have shown that the presence of nutrients is dependent on 
background concentrations, and that nutrient enrichment can lead to changes in both the community and 
the food web [51-59]. Therefore, higher sediment organic matter or phosphorus does not necessarily lead to 
reduced benthostic diversity. For the Jhelum system, the more reasonable hypothesis will likely be that the 
effects of organic and nutrient enrichment will occur in combination with low-flow benthic systems, fine 
sediments, and temperature to affect food availability and oxygen concentration. 
Potentially toxic elements require extra care. Comparative studies on urban and agricultural catchments report 
metal sediment accumulation in rivers, and advances in literature show metal sediment pattern contamination 
differences for various functional land uses and sediment characteristics [42-50]. Importantly, studies on the 
macroinvertebrates exposure show a closer relationship to the bioavailable fractions compared to total 
sediment exposure, and these fractions include the total extractable and the biological [43,44]. For metal-
related community shifts, sensitive taxa may decline or other taxa may become dominant, but these shifts are 
pH, organic matter, grain size and metal speciation dependent. The DOI-bearing literature reviewed herein 
provides little direct evidence to support the hypothesis that benthic assemblages of the Jhelum are presently 
structured by Cd, Pb, Cr, Zn and other sediment metals. Therefore, metal contamination is an important but 
unresolvable pathway of the Jhelum and requires paired sediment fractionation and biological measurements 
instead of total concentrations. 
 
Substratum Characteristics and Benthic Habitat 
The most robust sediment-related determinant of benthic structure of the Jhelum is substratum. Direct basin 
evidence identifies fine substrate as a seasonal correlate of macroinvertebrate assemblage variability [1], while 
habitat focused surveys show that community variability occurs for longitudes and within mesohabitats. In 
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the Kashmir rivers, substrate along with solids, flow and fragmentation are related to changes in alpha and 
beta diversity. These results are ecologically sound as coarse, heterogeneous beds create interstitial spaces and 
hydraulic refugia, whereas sand and silt infill reduces physical complexity. 
Experimental and multi-year studies provide more detail. Fine sediment can lessen macroinvertebrate 
abundance, diminish rheophilic and sediment-sensitive taxa, alter feeding groups, and negatively impact 
several sediment-related biomonitoring metrics [20-29]. With regards to sediment, treatment type, size, and 
velocity can all impact the biology of an organism [22]. Deposition can also substantially reduce the hyporheic 
zone and can possibly create effects that last beyond a single disturbance [27,29]. Additionally, long-term 
monitoring shows that sediment and land use change can impact how sediment and biota dynamically respond 
over time [23]. 
For the Jhelum, the issue may not be fine sediment, as it may be a natural process and expected in depositional 
reaches. If deposition exceeds the geomorphic setting of the Jhelum, and the reach becomes more embedded, 
more likely to block flow and has low interstitial exchange and is combined with anthropogenic activities and 
low flows, then there may be some negative effects on the biota. Thus, monitoring should differentiate various 
sediment fractions, measure the substrate, and evaluate the sediment embeddedness jointly with measures of 
flow and several other factors. From the current evidence, there is a strong case to be made for the benthic 
filtering hypothesis, where sedimentation can impact a system and simplify habitats, and the thresholds 
associated with the Jhelum are still undefined. 
 
Benthic Community Responses 
Benthic macroinvertebrates provide insight into physical habitat and chemical water quality, which can vary 
seasonally. Because of this, they are useful for assessing the health of rivers on a range of spatial and temporal 
scales [30-41]. Longitudinal and seasonal trends have been studied in the Jhelum Basin. Some species establish 
preferences to habitat along environmental gradients, while others become more sensitive to environmental 
disturbance [1-6]. Changes to hydrological conditions, temperature, fine sediment, and stress on the 
catchment have likely caused the observed reduction in overall macroinvertebrate richness and diversity, and 
in the EPT metrics, of the Jhelum Watersheds. This reduction is indicative of a cumulative effect, not caused 
by a single contaminant [1]. In the 2025 assessment of the Jhelum tributaries, it was confirmed that 
macrobenthic assemblages are appropriate indicators of the condition of a river [2]. 
Sensitive Ephemeroptera, Plecoptera, and Trichoptera (EPT) require well-oxygenated habitats and can decline 
from fine particle influx, or organic pollution, which may be interpreted as an increase in sedimentation. 
Other taxa, such as some Chironomidae and Oligochaeta, and even some molluscs, can be found in sediment- 
or nutrient-enriched environments, but this should not lead to the generalization of tolerance among these 
phyla [30-41]. From the existing macroinvertebrate studies in Korea, several aspects of streambed substrate, 
and particularly the interplay of organic pollution, flow velocity, and gradient, have been noted to influence 
the composition of macroinvertebrate assemblages [32,58]. Similar studies from India and Africa show the 
influence of disturbance on the physicochemical environment [36,39-41]. 
Functional traits have the potential to enhance diagnoses. Traits associated with attachment, burrowing, 
respiration, body form, feeding mode and dispersal have the potential to shed light on mechanisms that 
taxonomic richness might miss [68-79]. One example is sediment stress. Sediment stress may provide an 
advantage to taxa comprised of burrowers or deposit feeders, while selected Taxa may include coarse sediment 
feeders. Metabarcoding of DNA may improve taxonomic resolution and reveal stress responses. This method 
has been shown to be particularly useful in cases in which morphology and family-level identification have 
been obscured by species-level responses. However, the measurement of habitat is still necessary. Molecular 
techniques, grain size, hydraulics, chemistry and sediment measurement should be used to answer a question 
in such cases. 
For the Jhelum, community responses may be interpreted as multicausal filtering. A reduction in EPT richness 
may not indicate sediment metal toxicity. An increase in Chironomidae may not be a clear indicator of organic 
pollution. The most productive interpretation may be that substratum, flow and gradients of sediment 
chemistry, combined with the broad physicochemical conditions of the Jhelum, may define the benthic fauna 
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of the Jhelum. Refined measurements of the relative contributions of components of sediment chemistry may 
be insufficient. 
 
Integrated Analytical Assessment 
The evidence shows a pressure-pathway-response model rather than a single-variable model. Increases in 
sedimentation, agricultural activities, land use, waste water discharges, land transformations and the 
construction of infrastructure may affect the sediment load and the organics and nutrient load of receiving 
waters, as well as the variability of the contaminant load and flow competence. These pressures impact two 
connected filters: sediment chemistry and physical substratum. The chemical filter is responsible for redox 
and nutrient balance and contaminant equilibrium. The physical filter is responsible for the sediment frame 
and the refuge hydraulic and sediment-water exchange. Benthic fauna will respond to the combined filters 
and their ecological tolerances and traits. 
Evidence strength is uneven. Fine sediment, substratum, habitat and flow have the strongest direct evidence 
in the Jhelum/Kashmir literature [1,3,4,6-8], and their mechanisms are independently supported by 
experiments and long-term studies [20-29]. Broad hydrochemical and land use controls have moderate 
support, as direct studies on the basin show the existence of chemical gradients which are spatially and 
temporally variable [9-19]. These gradients can be related to community structure by teleo-Biomonitoring 
studies [30-41,51-59]. Enrichment by organics and nutrients is important, but is probably context related. In 
low or moderate enrichment, basal resources would increase, but under high enrichment, along with slow 
flow and fine sediment, would cause oxygen deprivation. The effects of sediments and metals are the weakest 
local inferences. International studies show accumulation and bioavailability pathways [42-50], but 
comparable paired sediment-fractionation and benthic studies are absent for the Jhelum. 
Hydrological regulation can either reduce or enhance these pathways by modifying sediment transport and 
the persistence and recolonization of habitat. Dam and flow regulation studies show changes in the 
composition of macroinvertebrates, beta diversity, and ecological quality, but the magnitude is dependent on 
the operating regime and geomorphic context [60-67]. This is particularly relevant for the regulated tributaries 
of the Jhelum, where flow modification can change the transport and the retention of fine sediment [3,7,8]. 
Variables representing the sediment should never be analyzed independently of the flow. The first-order 
predictor set that may be significant in future assessments of the Jhelum River is as follows: particle-size 
distribution, embeddedness, heterogeneity of the substrate, fine sediment deposited and suspended, 
discharge, velocity, sediment TOC/organic matter, sediment or pore water oxygen/redox, nutrients, and pH. 
The fractionation of metals may also be relevant. Biological endpoints could include EPT metrics, 
Chironomidae/Oligochaeta composition, diversity, and functional feeding groups and trait profiles. The 
integration of the mentioned measurements offers the ability to analyze the shift in biology, and determine if 
the shift is likely from enrichment, simplification, toxicity or hydrological changes as opposed to a multitude 
of other factors acting concurrently 
 
Table 1. Major sediment and substratum variables relevant to benthic communities in the River Jhelum 

Variable 
Mechanistic 
relevance 

Expected benthic 
response 

Evidence strength Key refs. 

Fine sand/silt 
deposition 

Fills interstices; 
modifies 
hyporheic 
exchange and 
refuge 

Loss of 
sensitive/rheophilic taxa; 
functional shifts 

Strong direct/ 
comparative 

[1,20-29] 

Cobble-gravel 
heterogeneity 

Creates stable 
attachment 
surfaces and 
hydraulic refugia 

Greater niche diversity 
and sensitive taxa where 
water quality is suitable 

Strong [3,4,6,32] 
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Variable 
Mechanistic 
relevance 

Expected benthic 
response 

Evidence strength Key refs. 

Flow/velocity and 
embeddedness 

Controls 
transport, bed 
mobility and 
sediment 
retention 

Context-dependent 
richness, beta diversity 
and recolonization 

Strong [1,3,7,8,60-67] 

pH and 
redox/oxygen 

Modulates 
physiology, 
decomposition 
and metal 
speciation 

Taxon filtering; possible 
oxygen stress in 
depositional zones 

Moderate [1,9-19,42-59] 

Organic matter 
and nutrients 

Food subsidy 
versus microbial 
oxygen demand 

Non-linear shifts in 
richness and functional 
composition 

Moderate/context-
dependent 

[51-59] 

Potentially toxic 
metals 

Exposure depends 
on speciation, 
grain size and 
organic matter 

Possible 
toxicity/bioaccumulation 
and sensitive-taxa loss 

Insufficient 
Jhelum-specific 

[42-50] 

 
Table 2. Representative secondary studies linking sediment/habitat conditions and benthic communities 

Study River/region 
Sediment/habitat 
factor 

Biological endpoint Main inference DOI 

Sabha et 
al. 2020 

Jhelum basin 
Fine substrate, 
pH, discharge, 
temperature 

Richness, density, 
EPT, assemblage 

Fine substrate 
and pH were 
important non-
summer 
correlates; 
flow/temperature 
important in 
summer 

10.1002/eco.2236 

Sabha et 
al. 2023 

Jhelum River 
Longitudinal 
habitats/substrata 

Habitat preference, 
biomonitoring 

Mesohabitat 
context 
materially 
structures 
assemblages 

10.1007/s13762-022-04523-y 

Sofi et al. 
2022 

Sindh River, 
Kashmir 

Regulation, 
solids, substrate, 
flow 

Alpha/beta 
diversity 

Regulation and 
habitat variables 
correspond with 
biotic alteration 

10.1016/j.ecoleng.2022.106560 

Khanday 
et al. 
2021 

Jhelum basin 

Lithology, 
anthropogenic 
water-quality 
controls 

Hydrochemistry 

Defines basin-
scale 
physicochemical 
context for 
benthic exposure 

10.1016/j.catena.2020.104853 
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Study River/region 
Sediment/habitat 
factor 

Biological endpoint Main inference DOI 

Mathers 
et al. 
2022 

European 
streams 

Fine sediment 
deposition 

Structure, function, 
biodiversity 

Effects depend 
on landscape 
setting and time 

10.1016/j.scitotenv.2022.154612 

Bylak & 
Kukula 
2022 

Mountain 
streams 

Fine sediment 
Density and 
functional groups 

Clogging reduces 
rheophilic taxa 
and alters feeding 
structure 

10.1016/j.scitotenv.2022.155079 

Blocher et 
al. 2020 

Mesocosms 
Grain size x 
velocity 

Community 
dynamics 

Fine sediment 
effects interact 
with reduced 
flow 

10.1016/j.scitotenv.2020.137070 

Schwantes 
et al. 
2021 

Ouro River, 
Brazil 

Total/bioavailable 
metals 

Bioaccumulation, 
richness/abundance 

Exposure differs 
among sediment 
fractions and 
taxa 

10.1016/j.ecoleng.2021.106194 

Sahli et 
al. 2021 

Freshwater 
sediments 

Sediment 
contamination 

Risk/ecotoxicity 

Chemical and 
biological 
approaches are 
complementary 

10.1080/02757540.2020.1853106 

Min & 
Kong 
2020 

Korean 
rivers 

Substrate, 
velocity, BOD, 
gradient 

Assemblage 
distribution 

Microhabitat and 
organic pollution 
help separate 
community types 

10.1080/02705060.2020.1815599 

 
Figure 1. Conceptual framework linking catchment pressures, sediment/substratum pathways and 

benthic community structure in the River Jhelum 
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Table 3. Analytical evidence assessment 

Driver Sediment/substratu
m change 

Mechanism Likely benthic response Evidence 
rating 

Catchment 
erosion/agriculture 

Higher fine-sediment 
delivery 

Interstitial 
clogging, habitat 
homogenization 

Lower sediment-
sensitive/rheophilic taxa 

Strong for 
mechanism
; direct 
Jhelum 
support 

Hydropower/flow 
regulation 

Altered transport 
and retention 

Changed 
hydraulics, refuge 
and connectivity 

Assemblage turnover; 
altered alpha/beta diversity 

Strong in 
Kashmir 
comparativ
e reaches 

Wastewater/nutrie
nt input 

Organic and 
nutrient enrichment 

Resource subsidy 
vs oxygen 
demand 

Context-dependent 
tolerant/sensitive shifts 

Moderate 

Urban/industrial 
contamination 

Sediment metal 
accumulation 

Bioavailable 
exposure and 
toxicity 

Potential 
bioaccumulation/communi
ty filtering 

Insufficient 
Jhelum-
specific 

Habitat 
simplification 

Reduced coarse-bed 
heterogeneity 

Loss of niches 
and 
attachment/refug
e space 

Reduced sensitive-taxa 
diversity 

Strong 

 
Research Gaps and Future Directions 
The main gap in the research focuses on creating co-located sediment-benthos designs across the basin to 
capture the physical substrate and sediment chemistry along with macroinvertebrates across the same spatial 
and seasonal scales. Currently, the available studies of the Jhelum River focus on the development of baseline 
datasets for biology, hydrology, and water chemistry. However, sediment grain size, sediment bed 
embeddedness, sediment organic matter, and pore water chemistry and the bioavailability of metals have not 
been incorporated into the studies. Subsequent sampling initiatives should adopt a standardized upstream-
downstream and reference-impact framework to encompass headwater, urban, and farm sectors and regulated 
tributaries across different hydrological seasons. 
Laboratory analysis should distinguish total from operationally bioavailable metal fractions and should include 
pore-water chemistry and tissue bioaccumulation, where possible. Physical habitat assessment should classify 
silt/clay, fine sand, coarse sand, gravel, pebble, cobble, and boulder and avoid reporting fine sediment as a 
percent. Use of trait-based indices, functional feeding groups and DNA metabarcoding may complement 
family or genus identification [68-79,87,95]. Comparative studies also demonstrate the utility of Himalayan 
and regional assemblage benchmarks, citizen-science screening, validated river typologies, habitat-suitability 
models and multivariate community analysis [81-86]. Sediment multi-stress research demonstrates that 
chemistry should be evaluated along with other co-occurring stressors [88]. Fine-sediment studies conducted 
recently refine our understanding of seasonal exposure and inorganic versus organic sediment exposure [89-
91]. Other studies use species-distribution modeling and a combination of sediment-water interaction and 
catchment deposition studies [92-94]. Pressure caused by river regulation and the global dam construction are 
framed by studies conducted on river regulation and on the existent dams [96-98,100]. Taxonomic revisions 
are also major biomonitoring quality-control issues [99]. Statistical analysis should focus on multivariate 
ordination and mixed-effects models and causal diagrams constructed with explicit hydrological covariates, 
rather than broad correlation screening. Long-term studies should focus on evaluating the sediment legacy 
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effects, flood resetting, and possible climatic impacts. These suggested changes would shift the current 
pressure-pathway model toward a more understandable management-based model of Jhelum benthic ecology. 

 
Table 4. Priority research gaps and recommended approaches for the River Jhelum 

Research gap Current limitation Recommended method Expected contribution 

Paired sediment-benthos 
evidence 

Chemistry and biology 
often measured 
separately 

Co-located seasonal 
sediment, habitat and 
macroinvertebrate 
sampling 

Direct attribution of 
ecological gradients 

Metal bioavailability Total concentration can 
overstate or understate 
exposure 

Sequential/extractable 
fractions, pore water and 
tissue analysis 

Mechanistic 
contaminant-risk 
inference 

Fine-sediment 
characterization 

Single percentage 
obscures particle effects 

Separate silt/clay, 
fine/coarse sand; 
embeddedness measures 

Improved sediment 
thresholds and 
diagnostics 

Taxonomic resolution Family-level metrics can 
mask cryptic responses 

Genus/species 
identification plus DNA 
metabarcoding 

Greater sensitivity and 
trait resolution 

Long-term dynamics Snapshot surveys miss 
legacy and flood effects 

Permanent stations and 
multi-season repeated 
measures 

Detection of recovery, 
climate and regulation 
effects 

 
CONCLUSION 
Current data show that both sediment and substratum affect benthic community organization in the River 
Jhelum, and the strength of inference also varies among pathways. The most established local relationship 
relates to the physical bed, and the repeated association of the fine substrate, habitat type, discharge, and 
temperature, as well as conditions of regulated flow, with the variation of benthic assemblages across the 
Jhelum basin and the Kashmir Himalayan tributaries [1-8]. A credible chemical context is provided by the 
catchment land use and hydrochemistry [9-19], and the wider experimental literature explains how excess fine 
sediment, nutrient/organic enrichment and altered flow can filter sensitive taxa and functional traits [20-
41,51-79]. 
What is still unclear is the direct role of sediment chemicals, and potentially toxic metals, in the benthic 
change of the Jhelum. There is comparative evidence that sediment-bound metals can be ecologically 
important, but total concentration is an inadequate proxy for exposure [42-50]. Therefore it would be 
unknown to attribute observed change in Jhelum communities to metal toxicity without pore-water, 
bioaccumulation or fractionation data. The next phase of biomonitoring in the Jhelum should include 
measuring sedimentary grains and embeddedness together with sedimentary organic matter, nutrients, 
pH/redox, fractioned metals, hydrology and high resolution benthic taxonomy. Such a combination would 
allow managers to distinguish natural longitudinal change from anthropogenic change of sedimentation, 
enrichment, pollution and change of flow regime, and would give a justified case to set ecological limits and 
priorities for change. 
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