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ABSTRACT

In the present study, a new index (Nile-Trophic Diatom Index ,TDI-Nile) was
constructed for the assessment of eutrophication in River Nile and its branches in Egypt
depending on using the total phosphorus (TP) , total inorganic nitrogen (TIN) and diatoms.
Epilithic diatom samples wee collected from 40 locations during autumn-2013 and spring-
2014. Over 224 diatom taxa were identified and 91 taxa (frequency > 3) were sufficiently
abundant to include in index development.

Multivariate data exploration revealed strong responses of the diatom assemblages to
stressor variables, including total phosphorus (TP). Weighted average method was used to
develop the TP and TIN indices. According to Nile-Trophic Diatom Index (TDI-Nile), most
of the samples which classified in bad quality were belonging to Rosetta branch and Kema
station.

Canonical correlation analysis revealed that the newly developed indices significantly
well correlated (Canonical correlation = 0.79, p < 0.0001) with environmental variables
which make them reliable indices of water quality and they can be suggested as the best
indices for monitoring purposes in the River Nile.
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INTRODUCTION

The typical method for biomonitoring of freshwater quality is largely based on
bioindicators, which are highly useful, especially diatoms in biomonitoring and recording
biological responses, so the bioindicators are valuable in measurements of abiotic stressors
(Stevenson and Smol, 2002). Developing effective indicators of ecological condition requires
that indicators can be calibrated to identify their responses to important environmental
stressors (Niemi and McDonald, 2004; Karr and Chu, 2000; Seegert, 2001). The main goals
of calibration are to identify environmental optima and tolerances of indicator taxa, and to
define systems with similar biota that respond similarly to anthropogenic stresses ( Radar and
Shiozawa, 2001).

Many of diatom indices were developed to demonstrate the ability of diatom to infer
water quality as Descy’s Index or DES (Descy, 1979), the Specific Pollution Sensitivity
Index or SPI (Cemagref, 1982), the Biological Diatom Index or BDI (Lenoir and Coste,
1996), the Eutrophication/ Pollution Index or EPI (Dell’Uomo, 1996), Sladecek’s Index or
SLA (Sladecek, 1986), the Trophic Diatom Index or TDI (Kelly and Whitton, 1995) and the
Watanabe Index or WAT (Watanabe et al., 1986 ; Watanabe, 1990). These indices are
generally based on species and sub-species levels identifications, with the exception of a few
based on genus-level identifications (Rumeau and Coste, 1988; Wu, 1999; Chessman et al.,
1999). These indices differ in respect to diatom species included in the calculation and the
applicability of most indices has been limited in some cases, especially for rivers, since
distribution of species may differ markedly (Potapova and Charles, 2007).
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The effectiveness of the application of diatom index, developed in certain country, at
another area was a subject of study of many authors. However, existing indices must be
tested when applied to a basin different from the ones where it erected (Prygiel et al., 1999).
This testing is usually done by comparing the values given by the indexes with the
physicochemical data from the same sites. The Spearman correlation between an index and
chemical variables is enough to determine whether that index can be applied to the basin or
not. There are many studies regarding this issue and it has been proved that these indexes are
applicable and work in different parts of the world (Torrisi and Dell’Uomo, 2006; Atazadeh
et al., 2007; Taylor et al., 2007). On the other hand, the application of previously developed
indices was not acceptable for other authors ( Descy and Ector, 1996; Kelly et al., 1998; Pipp,
2002; Rott et al., 2003; Szulc and Szulc, 2013) where these indices assessed the streams with
incompatible data to the real state.

In River Nile, Belal (2012) applied four diatom indices to assess water quality in the
River Nile from Aswan to Cairo, Trophic Diatom Index (TDI), Eutrophication Pollution
Index (EPI), the Pampean Diatom Index (IDP) and the pollution tolerance index (PTI).
However, the applications of these indices were not effective to represent the actual status of
the River Nile. So, the need for the development of unique diatom index specific to the River
Nile region was necessary and is the aim of this study.

MATERIALS AND METHODS

Site description, sampling, environmental conditions, diatom permanent slides
preparation and diatoms identifications and counting were represented in details in Abd El-
Karim et al. (2016.). In brief, the present study covered the area from Aswan Old Reservoir
N 24° 02' 1" E 32°51'57" passing its bifurcation at El-Kanater Barrage N 30° 10' 25" and
E 31° 8' 20", and its two main branches Rosetta and Damietta. Forty sites were selected for
representing the different ecological areas of the river and most of the pollution sources.
These sites were visited during autumn-2013 and spring-2014 and water samples for
chemical (Nitrogen-Nitrate, Nitrogen-Ammonium, Nitrogen-Nitrite, soluble reactive
meaurments of phosphorus, total phosphorus, reactive silicate and biochemical oxygen
demand) were taken as well as biological samples of epilithic diatom were collected. In situ,
water temperature, pH, electric conductivity, dissolved oxygen and total dissolved salts were
measured.

The homogenized gravels samples were digested using conc. nitric and sulphuric
acids in a tightly closed 100 ml tephlon bottles, heated until all organic matter had been
oxidized. The digested samples were prepared on permanent slides using a high refractive
index medium (Naphrax) according to the Academy of Natural Sciences (ANS, 2002).
Hereafter diatoms valves were identified and counted using an inverted microscope (Zeiss,
Axiovert 25C). For chemical variables, water samples were analyzed according to APHA
(2005).

Species optimum and tolerance

A species optimum represents the environmental variable concentration at which that
species is most abundant. A species tolerance represents the range of environmental variable
concentrations around the optimum from sites in which the species may be found. The
species optimum and tolerance were calculated according to the weighted average method of
Birks et al. (1990) using C2 software version 1.7.3 (Juggins, 2003).
The weighted average optimum (U):

Uk =Zni=1 Yik Xi/ Zni=1 Yik

The weighted average species tolerance:
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Tie =V [Zni=1 Yik (Xi — U)? / Znizt Yid
Yik is the abundance of taxon K in sample i,
Xi is the value of environmental variable in sample i.

The weighted average estimated optima and tolerances for total phosphorus (TP) and
total inorganic nitrogen (TIN) were determined to only those species which occurred in at
least three samples (frequency > 3). Calculation of Nile-Trophic Diatom Index (TDI-Nile)
was carried out by using the weighted average equation of Zelinka and Marvan (1961):

TDI-Nile = X\7_, ajsjij 1X7-, ajsj
where
aj = abundance (proportion) of species j in sample,
ij = indicator value (0-5) and
sj = pollution sensitivity (1-3) of species j.

Data analysis

Pearson correlation was used to determine the relationship between the diatom indices
scores and the measured environmental variables. One-way ANOVA was used to compare
the indices scores. Pearson correlation and ANOVA were performed using Palaeontological
Statistics (PAST) software version 3.0 (Hammer, 2013). Canonical correlation analysis of
xlstate (2014) was applied to evaluate the commulative correlation between the developed
epilithic TDI- Nile and the entire entire measured environmental variable.

RESULTS
Optima and tolerances of diatom taxa

The TP and TIN optima, tolerance, indicator and senstivity value of 91 species were
determined (Table 1). The epilithic tolerant and eutrophic taxa were Navicula digitoradiata,
N. diluviana, N. plathii, Nitzschia paleacea and Stauroneis groenlandica var. subquadra,
while the sensitive and characteristic species for oligotrophic water were Cymbella affinis, C.
caespitosa, Gomphonema gracile and G. truncatum.

The weighted average optima of total phosphorus between epilithic communities
ranged from 224.46 pgL™ (Navicula kriegerii) to 1275.89 ugL™* (Achnanthes exigua). The TP
tolerance ranged from 35.73 pgL™ (Cymbella tumida) to 677.02 ugL™" (Nitzschia umbonata).
Many species were mainly associated with high TP like Cocconeis placentula var. euglypta,
Navicula diluviana and Neidium alpinum.

Nitzschia frustulum displayed the highest TIN optima (1425.55 ugL™). On the other
hand, Rhopalodia gibba displayed the least TIN optima (77.23 pgL™). The most tolerant
species for low TIN was Navicula anglica var. subsalsa which attained the least value (74.43
ngL™), whereas Navicula accomoda tolerated the high TIN concentrations (1037.8 pgL™).

When compared with other indices (TDI in England, EPI in Italy Toronto TDI in
Canada and Van Dam checklist in Netherland) the TP indicator and sensitivity values of 38
species joint with TDI, of which five species were similar in indicator and 15 in sensitivity
value. 34 species of TDI-Nile were matched with EPI, of which five species were similar in
indicator and 8 in sensitivity value. 27 species were coincided between TDI-Nile and Toronto
TDI, of which 6 species were similar in indicator and 11 in sensitivity value, also 45 species
were corresponded with van Dam list, of which 5species were similar in indicator value as
listed in Table (2).
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Table 1. The epilithic taxa TP and TIN optima and tolerance with indicator and sensitivity

values used in constructing the TP and TIN indices.
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Table 2. Indicator (i) and Sensitivity (s) values of calculated Nile index (TDI-
Nile) for TP on epilithic substrate compared with values of TDI, EPI, Toronto
TDI and Van Dam list.

TDI-Nile TDI EPI van Dam Toronto TDI
Nme i s i S i s i i S
Achnanthes exigua 5 1 7
Achnanthes lanceolata 2 2 3 1 5 2 3
Achnanthes lanceolata var. rostrata 3 2 3 1 5
Achnanthes minutissma 0 3 2 2 3 1 7 2 2
Amphora fogediana 1 3 5 1 3 3
Amphorainariensis 2 2 5 1 1 2 3
Amphoralibyca 1 3 5 1 2 3
Amphora ovalis 2 3 5 1 3 2 5 2 3
Amphora venta 4 1 5 1 5
Bacillaria paradoxa 3 1 5 3 5
Cocconeis placentula 2 2 1 1 5
Cocconeis placentula var. euglypta 5 1 3 2 5 2 3
Cyclotella kutzingiana 4 1 3 1
Cyclotella meneghiniana 5 2 5 1 5 3 5 3 3
Cyclotella ocellata 3 2 3 1 4
Cyclotella stelligera 3 1 3 1 4 3
Cymbella affinis 0 3 1 3 5 1 5 2 3
Cymbella amphicephala 0 3 3 1 2
Cymbella caespitosa 0 3 1 2 7 2 2
Cymbella lepoceros 0 3 2 1 3 1 1
Cymbella microcephala 0 3 1 1 4 2 1
Cymbella silesiaca 3 3 1 2 7 2 3
Cymbella tumida 0 3 2 1 4
Cymbella turgidula 0 2 2 1
Diploneis oblengella 2 3 1 1 3 1
Fragilaria construens 3 2 1 1 4 2
Fragilaria ulna var. acus 5 1 3 3 1 5 1 2
Gomphonema augur 1 3 3 1 4
Gomphonema gracile 1 3 3 1 3 2 3
Gomphonema minutum 1 3 5 2 2
Gomphonema olivaceom 2 2 5 2 5 1 5 3 3
Gomphonema parvulum 4 2 5 3 1 2 5 3 2
Gomphonema truncatum 0 3 3 1 3 2
Gyrosigma spencerii 2 3 5 2 3 3
Navicula accomoda 4 2 5 4 6
Navicula anglica var. subsalsa 3 1 4 1
Navicula atomus 2 2 3 4 6
Navicula cryptocaphala 2 3 4 1 7 2 3
Navicula diluviana 5 1 2 1
Navicula exigua 4 2 5
Navicula lanceolata 2 2 5 2 5 2 3
Navicula pelliculosa 5 1 2
Navicula pupula 5 1 3 3 4 2 3
Navicula radiosa 1 3 4 1 3 1 4 2 2
Navicula salinarum 1 2 4 1 5 3 5
Navicula viridula 4 2 4 1 5 2 5 2 2
Neidium alpinum 5 1 2 3 5 1 1
Neidium productum 2 3 2 3
Nitzschia amphibia 4 3 5 3 3 3 5 3 3
Nitzschia amphibia var. rostrata 1 2 5 3
Nitzschia filiformis 4 1 5
Nitzschia frustulum 5 1 4 1 5
Nitzschia inconspicua 5 1 4 1 5 3 2
Nitzschia leistikowii 0 1 4 1
Nitzschia liebetruthii 1 2 4 1
Nitzschia palea 4 1 4 1 1 3 6 3 2
Nitzschia paleacea 5 1 1 2 5
Nitzschia umbonata 4 1 4 1 3 3 6
Rhopalodia gibba 0 1 1 1 5
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TDI-Nile calculation

The species optima coefficients were rescaled from the inference model to
assign as species indicator values for the diatom quality index. The indicator values
were ranged from O (corresponding to lowest TP and TIN optima) to 5 (corresponding
the highest TP and TIN coefficients). Each species was assigned a tolerance indicator
value from 1(corresponding to highest TP and TIN tolerance) to 3 (corresponding to
lowest TP and TIN tolerance), a sensitivity value of 3.

The TDI-Nile scores range from 1 (very low nutrient concentrations or clean
water) to 5 (very high nutrient concentrations or grossly polluted water). The TP
index classified the river into 9 sites in high quality, 14 sites with good quality, 12
sites in average quality and 6 sites in bad quality. The TIN index classified 16 sites in
high water quality, 17 sites in good quality, 3 sites in average quality and 5 sites in
bad quality. Most of the samples which classified in bad quality were belonging to
Rosetta branch and station 2 at the Kema factory in the main stem of River Nile (Fig.
1).

The index scores were compared with the measured environmental variables
using a Pearson correlation matrix (Table 3). The best correlation was obtained
between the two developed indices and NO,, NH,4, PO,4, EC and TDS. According to
the canonical correlation analysis, which was used in order to evaluate the cumulative
correlation between the developed TDI-Nile and the measured environmental
variable, (Canonical correlation r= 0.79, P < 0.0001). The TDI-Nile indices represent
a useful tool for biomonitoring the eutrophication in the River Nile
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Table 3. Pearson correlation coefficients for epilithic TP and TIN indices with
measured environmental variables
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DISCUSSION

Due to large industrial, agricultural and sewage discharges undoubtedly
contribute large amounts of nutrients to Rosetta branch, high concentrations of P and
N are common in sites belonging to this area of the river with the appearance of some
pollution-tolerant taxa as Navicula digitoradiata,Navicula diluviana, N. plathii,
Nitzschia paleacea, N. umbonata and Stauroneis groenlandica var. subquadra. Most
of these taxa have a widespread distribution and consider being generalist and they
can be used as indicator of poor water quality condition because they reach maximum
abundance in more polluted sites (Charles et al., 2006). Most of the species which
harbored an indicator value of 5 were recorded in the other compared indices; Van
Dam checklist (van Dam et al., 1994), TDI (Kelly and Whitton, 1995), EPI
(Dell’Uomo, 1996) and Toronto TDI (Zugic-Drakulic, 2006) and were classified in
ranks of preferring eutophic and hypereutrophic water in the van Dam list and TDI.
So, these species have been suggested to be found in water disturbed by input of
nutrients.

When the TP indicator and sensitivity values of Nile indices compared with
other indices constructed in other regions, TP indicator and sensitivity values were
matched similar with few species (Table 2). However, although diatoms might have a
wide geographical distribution and a globally similar ecology, their response to
nutrient conditions may still be different between different ecoregions (Soininen and
Niemel, 2002).

The TDI-Nile indices effectively quantify the response of the diatom flora based
on the temporally and spatially integrated impacts of TP and TIN. These biotic indices
simplify the complicated ecology of streams and rivers into a form that permits rapid
assessment of the overall condition of a stream in a manner that is easily understood
by non-technical resource managers (Gerritson, 1995). An important feature of these
indices is the ability to include all diatom taxa found in the study region. Moreover,
TDI-Nile differed from TDI (Kelly and Whitton, 1995), it takes into account centric
diatoms, which are dominant in the River Nile, so it may perhaps perform well in
rivers of high species richness of Centrales. The TP index of TDI-Nile (after
compared with the Van Dam list, TDI and Toronto TDI) had higher significance
correlation coefficient values than compared indices especially with pH, TIN, TP and
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E.C as listed in Table (4). This comparison confirmed the successful using of the
present developed indices in the biomonitoring programs of River Nile.

Table 4. Pearson correlation coefficient between different diatom indices and
some measured environmental variables.

TDI-Nile Van Dam TDI Tronto TDI
pH -0.28 -0.07 -0.08 -0.13
TIN 0.48(**) 0.13 0.03 0.05
TP 0.57(*) 0.39(*) 0.13 0.44(*)
E.C 0.55(**) 0.47(%) 0.004 0.45(%)

(**) Correlation is significant at the <0.003 level
(*) Correlation is significant at the 0.01 level

The developed indices in the present study characterize a wide range of water
quality in the River Nile and the obtained results agreed well with the degree of
pollution indicated by physical and chemical variables and with the combined effects
of these factors (Canonical correlation r=0.79, P < 0.0001).

These developed indices based on two variables, TP and TIN which simply
signify the percentage of eutrophication. However, the ratios of the dissolved
inorganic nitrogen to TP are better indicators of nutrient limitation in oligotrophic
water. This suggests that DIN metrics may provide better measures of N
requirements, and would be useful to add in future studies (Bergstrom, 2010).
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