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ABSTRACT. The distribution of freshwater algae in Mae Ram Stream in Mae Rim District, Chiang Mai 

Province, Thailand was investigated in June and October of 2019. Benthic diatoms and macroalgae were 

collected from nine sampling sites located along a stream in the upstream to downstream areas. The 

physical and chemical water properties at each sampling sites were analysed and classified for the trophic 

status. The results show that the water temperature ranged between 22.0-30.0 °C, Velocity 0.28-0.79 m/s, 

Turbidity 2.98-182.33 NTU, pH 7.01-8.02, Total Dissolved Solids 91.93-162.01 mg/l, Conductivity 

131.33-249.35 µs/cm-1, DO 4.88-8.02 mg/l, BOD5 0.27-3.47 mg/l, Nitrate 0.29-1.29 mg/l, Ammonium 

0.09-0.61 mg/l and Soluble reactive phosphorus 0.27-0.96 mg/l. The trophic status of the water at each 

sampling site was classified as the oligotrophic to mesotrophic. A total of 111 benthic diatoms were found. 

The most abundant species were Eolimna minima, Nitzschia sp.1, Achnanthes pusilla, Gomphonema 

lagenula and Nitzschia palea, respectively. The highest species abundance was recorded for Eolimna 

minima which was found at all sampling sites, whereas Nitzschia palea was found as a majority group only 

at the downstream sampling sites. A total of 14 species of macroalgae were found and they were classified 

into four divisions, Chlorophyta, Cyanophyta, Charophyta and Rhodophyta. The most abundant group was 

Chlorophyta and the least abundant group was Rhodophyta. Furthermore, Compsopogon spp. 

(Rhodophyta) was found to be a common species at the downstream sites, whereas Nitella sp. and Chara 

sp. (Charophyta) were only found at the upstream sampling sites. 
 

Keywords: Benthic diatom, macroalgae, water quality. 

INTRODUCTION  

Mae Rim District, Chiang Mai Province is located in an area comprising of mountains 

and valleys in Northern Thailand. In the greater watershed of this area and the surrounding 

areas are villages, intensive agriculture and famous ecotourism attractions such as the 

Mae Sa Waterfall, the Mae Sa Elephant Camp, the Tat Mok Waterfall, Doi Mon Jam and 

the Queen Sirikit Botanical Garden. Therefore, the watershed of this area has been 

affected by human inputs, such as anthropogenic nutrient-loading, which has been 

identified as one of the main drivers of biodiversity loss in recent decades. However, there 

have been a limited number of biodiversity studies conducted at this location and only a 
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few have been published. The most recent studies have only focused on the terrestrial 

ecosystems with an emphasis on plants and birds [1, 2]. Studies on the aquatic ecosystem 

of this area have reported the presence of a number of animal parasites [3, 4]. In addition, 

the first and second reports addressing the aquatic ecosystem producers were published 

in the years 2000 and 2006. Several of these studies were conducted by Peerapornpisal et 

al. [5, 6], who studied the benthic diatoms and macroalgae at in Mae Sa Stream. In these 

studies, 69 species of benthic diatoms and 31 species of macroalgae were recorded as new 

to Thailand. Moreover, a high abundance of Batrachospermum macrosporum and 

Batrachospermum vugum were found at upstream sampling sites. Nevertheless, the 

downstream collection sampling sites reported a high abundance of Sirodotia huillensis 

and Compsopogon coeruleus, and the results indicated that the water quality plays a 

significant role in the distribution of the algae due to their small size and limited 

migration. Therefore, they respond quickly to stress and rapidly to environmental changes 

[7]. Moreover, reports on algae diversity have not been conducted in this area, especially 

in the Mae Ram Stream which runs parallel to the Mae Sa Stream and is less affected by 

human activities. Therefore, understanding and explaining how stream biological 

communities are affected by a variety of environmental factors and different stressors is 

of primary importance in stream ecology.  Thus, the aim of our study was to determine 

the distribution of freshwater algae and some water quality parameters in the Mae Ram 

Stream. In addition, this researchwill be the first report on the water properties and 

diversity of benthic diatoms and macroalgae in the Mae Ram Stream. The results of this 

study could also contribute to a better understanding of the distribution of freshwater 

algae in less explored areas 

MATERIALS AND METHODS 

Samples were collected in June and October 2019, from 9 sampling sites located in the 

Mae Ram Basin in Tambon Mae Ram, Mae Rim District, Chiang Mai Province.  The 

details of the topography in each sampling site is presented in Table 1 and Fig. 1. 

 

Fig.  1 . Map showing location of Chiang Mai Province and the 9 sampling sites in Mae 

Ram Basin. 
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Table 1. Sampling sites and their topography 

Sampling sites GPS (Lat-Long) Altitude (m) 

1 18°57'40.7"N 98°48'30.2"E 883 

2 18°57'28.2"N 98°48'57.4"E 866 

3 18°57'26.3"N 98°49'17.5"E 838 

4 18°57'31.9"N 98°51'2.5"E 551 

5 18°57'22.4"N 98°51'42.3"E 484 

6 18°57'06.8"N 98°52'03.3"E 467 

7 18°56'26.9"N 98°53'22.1"E 354 

8 18°55'56.3"N 98°54'00.9"E 346 

9 18°55'45.8"N 98°54'41.9"E 335 

 

 

Samples of freshwater algae including macroalgae and benthic diatoms were collected 

from difference microhabitats; stones or hard substrates such as bamboo stalks, aquatic 

plants and artificial substrates. The macroalgae samples were kept in a cool box (4-7 °C) 

and preserved with Glutaraldehyde 2%. Sampling coverage calculations were determined 

by using quadrates with a 1 m2 and are shown according to the following scale:  d = 

dominant (61-100%), f = frequent (41-60%), c = common (21-40%), r = rare (1-20%), to 

which were applied the method of Asmida et al.  [ 8] .  Benthic diatom samples were 

collected in 5 replicates at each sampling site, located throughout approximately a 10-

meter stretch along the river.  Specimens were brushed from the substrates with a 

toothbrush.  A plastic sheet with a 10 cm2 cutout was placed on the upper surface of the 

selected substrates.  Benthic diatoms on the surface of the selected stones were brushed 

off and rinsed with distilled water until the cutout area was completely clear. Each sample 

was collected in a plastic bowl and transferred to a plastic container and then preserved 

with Lugol's solution.  The benthic diatom samples were cleaned with concentrated acid 

according to the steps of the digestion method [9]. The samples were then mounted with 

Naphrax.  Permanent slides were used in the counting and identifying processes.  The 

relative abundance of each taxon was then indicated according to the following scale:  d 

= dominant (50-20%), f = frequent (20-5%), c = common (5-1%), r = rare (>1%).  

Freshwater algae were photographed using an Olympus Normaski microscope and 

were identified according to Krammer and Lange-Bertalot [10-13], Lange-Bertalot [14], 

Kumano [15], Taylor et al. [16], John et al. [17], Ahn [18]  ,Peerapornpisal [19] and Wehr 

et al.  [ 20] .  In addition, the species diversity index ( H’ ) , evenness ( E)  and the species 

number of the benthic diatoms were determined and calculated following the Shannon 

Diversity Index [21]. 

Water samples were collected in 3 replicates from each site and kept in a cool box ( 4 

°C). Measurements of some of the physico-chemical properties of the water were done at 

each sampling site such as the water temperature, velocity, pH, turbidity, total dissolved 

solids (TDS), conductivity and dissolved oxygen (DO). The values of BOD5, ammonium 

nitrogen, nitrate nitrogen and soluble reactive phosphorus (SRP) were determined in the 

laboratory by the azide modification, the nesslerization, the cadmium reduction and the 

ascorbic acid methods, respectively [22]. The trophic status of the water quality was then 

evaluated from the main parameters such as conductivity, DO, BOD5, ammonium-

nitrogen, nitrate nitrogen and soluble reactive phosphorus according to Leelahakriengkrai 

and Peerapornpisal [24] 
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The differences in the physical and chemical water properties among sampling sites 

were tested by using the analysis of variance (ANOVA) and Least Significant Difference 

(LSD). To characterize the water quality in the Mae Ram stream, a cluster analysis was 

performed based on physical and chemical parameters by using PAST software. 

RESULTS AND DISCUSSION 

Freshwater algae diversity 

A total of 111 specimens of benthic diatoms were identified in the Mae Ram Basin, 

and these were acknowledged as belonging to a common species found in rivers in 

Thailand such as the Ping River, the Tha Chin River, the Chi River, the Kwai River, the 

Chanthaburi River, the Tapee River, the Yom River, and the Wang River [25-27]. The 

most abundant species were Eolimna minima (31.0%), Nitzschia sp.1 (17.6%), 

Achnanthes pusilla (6.9%), Gomphonema lagenula (4.9%) and Nitzschia palea (4.3%). 

The dominant benthic diatoms and their degree of abundance are shown in Fig. 2 and 

Table 2. Eighty-eight and Eighty-three specimens of benthic diatoms were found in June 

and October, respectively.  

 

 
 

Fig. 2.  Light micrographs of dominant benthic diatoms in Mae Ram stream 

(A) Navicula rostellata, (B) Navicula symmetrica, (C) Navicula cryptocephala, (D) 
Navicula germainii, (E) Navicula cryptotenella, (F) Navicula  erifuga, (G) Navicula sp.1, 

(H) Gomphonema lagenula, (I) Gomphonema parvulum, (J) Gomphonema minutum, (K) 
Nitzschia palea, (L) Nitzschia sp.1, (M) Planothidium rostratum, (N) Planothidium cf. 

distinctum, (O) Achnanthes oblongella, (P) Achnanthidium exiguum, (Q) 
Achnanthes pusilla, (R) Achnanthidium minutissimum, (S) Achnanthidium saprophilum, 

(T) Fallacia insociabilis, (U) Eolimna minima 
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Table 2. The relative abundance of dominant species and diversity index of benthic 

diatoms in Mae Ram Basin. 
  MR1  MR2  MR3  MR4  MR5  MR6  MR7  MR8  MR9  

Dominant species J O J O J O J O J O J O J O J O J O 

Achnanthes  

   oblongella ++ ++ +++ +++ ++ +++ - - - - - + + ++ ++ + + - 

A. pusilla - - - - - - - +++ + ++++ - + - + - - - - 

Achnanthidium  

   exiguum ++ + +++ ++ +++ + ++ + ++ + ++ + +++ + ++ +++ ++ ++ 

A. minutissimum ++ - - - - - - + - - - + - +++ - + - + 

A. saprophilum +++ - + - - - - - - - - - - - - - - - 

Eolimna minima  + ++++ +++ +++ ++++ +++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ +++ +++ 

Fallacia insociabilis - - - +++ - - - - - - - - - - - - - - 

Gomphonema  

   lagenula +++ + +++ ++ ++ + ++ ++ +++ - ++ + ++ + + - ++ + 

G. minutum - - - - - - - - + - - - + +++ - - - + 

G. parvulum +++ - +++ - +++ - + + + - - + + + - - + + 

Navicula  

   cryptocephala ++ - ++ - ++ - - - + - ++ + + ++ ++ ++ ++ +++ 

N. cryptotenella + +++ ++ ++ ++ +++ ++ + + - ++ ++ + + ++ ++ ++ ++ 

N. erifuga - ++ ++ + ++ +++ - - + - - + - ++ +++ +++ +++ ++ 

N. germainii  + - - - - ++ - + - - - + - + - + - +++ 

N. rostellata ++ - ++ + ++ + + + - - - + + + ++ - ++ + 

N. symmetrica ++ ++ +++ +++ ++ +++ + - + - - ++ - + ++ +++ +++ +++ 

Navicula sp.1 + + ++ + + + + - - ++ +++ - ++ - ++ ++ - ++ 

Nitzschia palea - +++ +++ +++ +++ +++ +++ + + + +++ ++ + ++ +++ +++ ++++ ++++ 

Nitzschia sp.1 +++ ++ ++ +++ ++ ++ +++ ++++ ++++ +++ +++ ++++ +++ ++++ + ++ ++ ++ 

Planothidium 

    cf. distinctum 
- + - - - + - + ++ ++ - ++ - ++ + + +++ + 

P. rostratum  + ++ ++ ++ ++ ++ ++ + ++ ++ ++ ++ +++ +++ +++ ++ ++ + 

Shannon Diversity 

Index 
2.78 2.33 2.85 2.56 2.64 2.63 1.83 1.45 1.40 1.39 1.51 1.87 1.86 2.16 2.20 2.66 2.62 2.55 

Evenness 0.40 0.25 0.48 0.39 0.39 0.46 0.22 0.16 0.18 0.22 0.32 0.15 0.20 0.29 0.38 0.51 0.57 0.46 

Numbers of species 40 42 37 33 36 30 29 26 22 18 14 44 33 30 25 28 24 28 

++++ = dominant (50-20%), +++ = frequent (20-5%), ++ = common (5-1%), + = rare (>1%), - = 

absent. J = June 2019, O = October 2019. 

 

 

A total of fourteen species of macroalgae were collected from the Mae Ram 

Basin.Seven species were classified into Division Chlorophyta ( Green algae) , namely 

Cladophora sp., Hydrodictyon sp., Microspora sp., Oedogonium sp., Rhizoclonium sp., 

Spirogyra sp.1 and Spirogyra sp.2. Two species were classified into Division Cyanophyta 

( Blue green algae) , namely Nostochopsis sp.  and Oscillatoria sp.  Two species were 

classified into Division Charophyta, namely Chara sp. and Nitella sp. Three species were 

classified into Division Rhodophyta, namely Audouinella sp. , Compsopogon sp. 1 and 

Compsopogon sp.2.  The identified macroalgae specimens are presented in Figure 3 and 

Table 3. 
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Table 3. The distribution and relative abundance of macroalgae in Mae Ram Basin. 

 MR1 MR2 MR3 MR4 MR5 MR6 MR7 MR8 MR9 

 Ju Oc Ju Oc Ju Oc Ju Oc Ju Oc Ju Oc Ju Oc Ju Oc Ju Oc 

Nostochopsis sp. - + - - - - - + - - - - - - - - - - 

Oscillatoria sp. + + - + + - + - - +++ - ++ - - - - - - 

Cladophora sp. - +++ - - - + - ++ - ++ - + - - - - - - 

Hydrodictyon sp. + - ++ - - - - - + - - - - - - - - - 

Microspora sp. - - - - + - + - - - - - - - - - - - 

Oedogonium sp. + ++ - - - - - - - - - - - - - - - - 

Rhizoclonium sp. + ++ - - - ++ - - + ++ + + - - - - - - 

Spirogyra sp.1 +++ +++ + - - ++ - - - - - ++ - - - - - - 

Spirogyra sp.2 +++ +++ - - + - + ++ ++ ++ + - - - - - - - 

Chara sp. - - - +++ - - - - - - - - - - - - - - 

Nitella sp. - - - +++ - - - - - - - - - - - - - - 

Audouinella sp. - + - - - ++ - - - - - - - - - - - - 

Compsopogon sp.1 - - - ++ - ++ + ++ - ++ - - ++ - +++ - +++ - 

Compsopogon sp.2 - - - - - - - - - - - +++ - ++ - +++ - +++ 

Number of species 6 8 2 4 3 5 4 4 3 5 2 5 1 1 1 1 1 1 

++++ = dominant (61-100%), +++ = frequent (41-60%), ++ = common (21-40%), + = rare (1-20%), - = 

absent (Percentage coverage per 1 m2) 
 

 

 
Fig. 3.   Light micrographs (X) and stereo micrographs (XS) of macroalgae in Mae Ram 

stream. Chlorophyta: (A) Spirogyra sp.1, (B) Spirogyra sp.2, (C) Rhizoclonium sp., 

(D) Microspora sp., (E) Oedogonium sp., (F) Cladophora sp., (G) Hydrodictyon sp.; 

Cyanophyta: (H) Nostochopsis sp., (I) Oscillatoria sp.; Rhodophyta: (J) 

Compsopogon sp.1, (K) Compsopogon sp.2, (L) Audouinella sp.; Charophyta: (M) 

Nitella sp., (N) Chara sp. 
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In this study, Eolimna minima was found to be in high abundance at all sampling sites. 

Accordingly, van Dam et al. [28] and Faustino et al. [29] reported that this species was 

commonly found at locations with mesotrophic to eutrophic conditions and could be 

indicative of the fact that they are a species that are capable of surviving in lenthic 

ecosystems.  Thus, Eolimna minima was found to be present with a wide range of 

tolerance. However, Nitzschia palea was found to be present in high abundance at MR8 

and MR9, which could be indicative of polluted conditions. The upstream sampling sites 

had oligotrophic to mesotrophic status represented by a high abundance of Achnanthes 

oblongella.   According to Hirst et al.  [ 30]  and as per the Water Framework Directive 

[31] , Achnanthes oblongella is a pollution sensitive species sensitive to metal pollution 

and highly enriched nutrients.  Thus our finding suggests that the upstream site could be 

partially affected by metal contamination and nutrients. In the MR1 and MR2 in June, the 

water quality had a mesotrophic status, represented by a high abundance of Gomphonema 

parvulum but its absence or occurrence in low numbers in October. Salomoni et al. [32] 

reported that the Gomphonema parvulum species  correlate strongly with a high level of 

nutrients.  Therefore, the results indicated that the spatial- temporal variation and water 

quality were also important factors in explaining freshwater algae communities. 

The macroalgae were presented in different taxonomic groups and were distributed 

throughout each of the sites.  At the upstream sites, common species of Chlorophyta and 

Cyanophyta were found but a high abundance of Compsopogon spp. (Rhodophyta) was 

found at the downstream sites.  Furthermore, Peerapornpisal et al.  [ 6]  reported that this 

genus was frequently found in sites of moderate to polluted water quality. Consequently, 

the distribution of benthic diatoms and macroalgae correlated with the water quality of 

each site.  Notably, widespread species were found at upstream sites, while tolerant 

species were found at downstream sites.  Moreover, only Nitella sp.  and Chara sp. 

( Charophyta)  were recorded at MR2 in October and were indicative of species that are 

commonly distributed in lentic bodies of water [ 33,  34] .  In Thailand, few reports have 

been published on the species of algae that are present in running ecosystems, most of 

them were found in lentic ecosystems. Previous studies such as Silprasit et al. [35] found 

an abundance of Nitella sp. in paddy fields at Nakhon Nayok Province which are located 

in the central eastern part of Thailand and Sooksawat et al. [36] found Chara aculeolata 

in the Bueng Boraphet reservoir at Nakhon Sawan and Nitella opaca from freshwater 

ponds in Bangkok. 

In this study, a comparison of freshwater algae in the Mae Ram and the Mae Sa 

Streams [5, 6] was done. There has been a report that Nitzschia palea and Gomphonema 

parvulum were found in high abundance in both streams, but Eolimna minima was only 

found in the Mae Ram Stream. Most macroalgae were reported as similar species, except 

for the group of freshwater red algae identified as Batrachospermum spp. that were found 

at the upstream sites of the Mae Sa Stream. These sites were associated with indications 

of good water quality, but this outcome was not presented in the conclusions of this 

investigation. 

A comparison of benthic diatoms in the main rivers in Thailand such as the Ping River, 

the Yom River, the Wang River (Northern region), the Tha Chin River (Central region), 

the Chi River (Northeastern region), the Kwai River (Western region), the Chanthaburi 

River (Eastern region) and the Tapee River (Southern region) was done [25-27]. It was 

found that Achnanthidium minutissimum, Gomphonema lagenula, Navicula rostellata 

and Nitzschia palea are cosmopolitan freshwater pennate diatoms in Thailand. 

Achnanthes oblongella which were found in high abundance in oligo-mesotrophic status 
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water quality in the Chanthaburi River and the Tapee River which supports our findings. 

A recent study [37] showed that Eolimma minima were present in the tributaries of the 

Ping River, which supports our findings that this species tends to be present in streams 

rather than rivers.   

Shannon’s diversity index and the evenness of benthic diatoms in the Mae Ram Stream 

are shown in Table 2. The diversity index of benthic diatoms ranged from 1.39-2.85 and 

the evenness ranged from 0.16- 0.57.  In MR2, where a total of 37 species were present, 

the highest diversity index of 2.85 (evenness 0.48) was recorded on June 2019 and MR5, 

where a total of 18 species were present, the lowest diversity index of 1. 39 ( evenness 

0. 22)  was recorded on October 2019.  The species richness of benthic diatoms ranged 

from 14- 44 and macroalgae ranged from 1- 8 with high numbers in the most upstream 

sites. Thus, the upstream site showed a higher value of diversity on the index and a higher 

number of species than other sites which could indicate a rich biodiversity as was 

observed in other the upstream areas. 

 

Water quality 

The physical and chemical factors and the trophic level for all 9 sites of the Mae Ram 

Stream are shown in Tables 4 and 5.  The water quality of each site was found to be 

significantly different (p<0.05). The results of the cluster analysis of the water properties 

in the Mae Ram Stream were separated into 2 groups with 70% similarity (Fig. 4).  Group 

1 included the upstream sites ( MR1 to MR6)  for both sampling times, which revealed 

similarly low values of turbidity, TDS, conductivity, BOD and nutrients.  Furthermore, 

Group 2 was comprised of samples collected from MR7 to MR9.  The results revealed 

significant differences in the nutrient loading and water quality of each sampling site that 

were known to be due to the different activities occurring at the upstream and downstream 

locations. 

 

 
Fig. 4. Cluster analysis of water properties grouping all sampling sites in Mae Ram 

Basin. 
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Table 4. Results of the physical and chemical factors of Mae Ram Basin (n=3). 

Sampling  Water Temperature Velocity Turbidity pH TDS 

sites (°C) (m/s) (NTU)  (mg/l) 

MR1Ju 23.3+1.2ab 0.28+0.11ab 11.56+1.54bc 8.02+0.07i 110.90+0.88cd 

MR2Ju 24.0+0.0b 0.40+0.21ab 15.78+2.46cd 7.60+0.04de 108.56+1.24c 

MR3Ju 24.7+0.6bc 0.28+0.07a 29.67+1.15e 7.79+0.05f 115.83+0.89e 

MR4Ju 25.0+0.0bc 0.34+0.08ab 60.78+2.91g 7.97+0.05i 91.93+1.05a 

MR5Ju 25.0+0.0bc 0.38+0.14ab 11.44+1.84bc 7.97+0.02i 112.41+2.26d 

MR6Ju 26.0+0.0cd 0.34+0.05ab 13.89+2.46bc 8.29+0.03j 117.64+1.30efg 

MR7Ju 28.7+0.6fg 0.79+0.20b 32.33+1.00e 7.83+0.01fg 143.56+0.19hi 

MR8Ju 30.0+1.0g 0.32+0.08ab 41.89+3.10f 7.93+0.02gh 155.11+0.19j 

MR9Ju 29.0+1.7fg 0.44+0.13ab 182.33+6.36h 7.90+0.01fgh 160.89+2.22k 

MR1Oc 22.0+0.0a 0.24+0.20ab 3.50+0.60a 7.58+0.03cde 119.36+1.67fg 

MR2Oc 23.6+0.2b 0.37+0.20ab 2.80+0.58a 7.01+0.08a 103.17+1.14b 

MR3Oc 24.2+0.1b 0.48+0.13ab 2.98+0.47a 7.35+0.05b 116.74+0.35ef 

MR4Oc 24.5+0.3bc 0.37+0.13ab 21.45+1.87d 7.82+0.06fg 105.17+1.17b 

MR5Oc 26.8+0.2de 0.45+0.19ab 8.10+3.00ab 7.30+0.04b 120.21+0.67g 

MR6Oc 27.6+0.3ef 0.31+0.04ab 2.90+0.84a 7.97+0.03i 118.22+1.22efg 

MR7Oc 28.8+0.1fg 0.35+0.09ab 17.29+2.55cd 7.66+0.05e 141.32+0.49h 

MR8Oc 28.4+0.1f 0.57+0.16ab 12.10+3.16bc 7.47+0.03c 145.93+1.06i 

MR9Oc 28.0+0.1ef 0.40+0.04ab 34.48+4.67e 7.51+0.04cd 162.01+0.38k 

Notes: Values expressing the Mean±SD followed by similar letters in a column do not differ 

significantly at p<0.05 

 

Table 5. Results of the chemical factors and trophic level of Mae Ram Basin (n=3). 

Sampling Conductivity DO BOD5 NO3 NH4
+ SRP Trophic 

sites (µs/cm-1) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) level 

MR1Ju 157.56+1.20bc 5.15+0.43abc 1.93+0.90abcd 0.94+0.19e 0.13+0.02ab 0.41+0.11abcd mesotrophic 

MR2Ju 155.98+0.33b 4.88+0.33a 2.33+0.42bcd 0.71+0.05bcde 0.09+0.01a 0.33+0.08ab mesotrophic 

MR3Ju 165.82+1.21de 4.99+0.14ab 1.60+0.40abc 0.52+0.17abcd 0.15+0.02ab 0.44+0.10abcd mesotrophic 

MR4Ju 131.33+1.33a 5.50+0.12c 1.60+1.00abc 1.29+0.24f 0.31+0.05bcd 0.47+0.06abcd mesotrophic 

MR5Ju 162.17+0.88cd 5.31+0.08bc 3.47+1.33d 0.76+0.19cde 0.21+0.04ab 0.96+0.05e mesotrophic 

MR6Ju 168.01+0.83e 5.51+0.09c 2.13+0.58bcd 0.32+0.13ab 0.50+0.11e 0.93+0.04e mesotrophic 

MR7Ju 204.24+2.76g 5.26+0.07abc 2.13+0.76bcd 0.29+0.05a 0.28+0.05abc 0.59+0.07cd mesotrophic 

MR8Ju 222.11+1.64i 4.94+0.02ab 3.27+0.12cd 0.33+0.03ab 0.30+0.14bc 0.82+0.10e mesotrophic 

MR9Ju 232.44+2.71j 5.04+0.05ab 3.47+1.01d 0.45+0.02abc 0.61+0.08e 0.90+0.05e mesotrophic 

MR1Oc 183.63+2.56f 7.84+0.07gh 0.73+0.12ab 0.80+0.20cde 0.49+0.04de 0.56+0.16bcd Oligo- mesotrophic 

MR2Oc 158.72+1.76bc 7.08+0.07de 0.80+0.40ab 0.57+0.15abcde 0.30+0.12bc 0.35+0.07abc Oligo- mesotrophic 

MR3Oc 179.60+0.54f 7.64+0.07fgh 1.67+0.12abc 0.83+0.06cde 0.45+0.09cde 0.60+0.03d mesotrophic 

MR4Oc 161.79+1.80cd 8.02+0.09h 3.13+0.12cd 0.77+0.15cde 0.15+0.02ab 0.55+0.08bcd mesotrophic 

MR5Oc 182.55+3.85f 7.63+0.06fgh 0.27+0.12a 0.63+0.15abcde 0.46+0.03cde 0.36+0.08abcd Oligo- mesotrophic 

MR6Oc 181.87+1.88f 7.54+0.07fg 0.93+0.12ab 0.63+0.15abcde 0.28+0.10abc 0.27+0.07a Oligo- mesotrophic 

MR7Oc 217.41+0.76h 7.27+0.05ef 1.07+0.12ab 0.60+0.10abcde 0.24+0.02ab 0.60+0.12d Oligo- mesotrophic 

MR8Oc 224.54+1.67i 6.77+0.12d 2.47+0.12bcd 0.87+0.15de 0.22+0.02ab 0.58+0.10bcd mesotrophic 

MR9Oc 249.35+1.96k 6.96+0.16de 2.87+0.70cd 0.30+0.00a 0.22+0.02ab 0.95+0.06e mesotrophic 

Notes: Values expressing the Mean±SD followed by similar letters in a column do not differ significantly at p<0.05 
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In the upstream areas, the majority of human activities are agricultural such as onion, 

garlic and flower farms while in the downstream areas, there are many potential 

environmental impacts from human activities such as community areas, agricultural and 

livestock activities along the stream. For this reason, downstream sites are more 

contaminated than upstream sites. This pattern of upstream and downstream differences 

in water quality in relation to high human levels of disturbance within the stream was 

similar to the findings of a number of other previously published reports from other 

countries [38-39]. However, the trophic status in each sampling site of the Mae Ram 

stream is shown in Table 5 and was classified as mesotrophic, except at MR1, MR2, MR5, 

MR6 and MR7 in October, which was classified as oligo-mesotrophic. This finding 

clearly indicated that the nutrient level in October was lower than June. In a comparison 

of water quality between the Mae Ram Stream and the Mae Sa Stream, the Mae Ram 

Stream showed lower levels of BOD5, TDS, conductivity, SRP, ammonium nitrogen and 

nitrate nitrogen than the Mae Sa Stream. This outcome was attributed to the fact that the 

area of the Mae Ram Stream was less affected by human activities. 

CONCLUSION 

In this research, the diversity of freshwater algae was shown by the presence of 

common species indigenous to Thailand.  Eolimna minima and Nitzschia sp. 1 were 

present as the first and second most dominant species at each sampling site. This outcome 

was indicative of a wide tolerance of all species.  However, Nitzschia palea and 

Compsopogon spp. were found to be present in high abundance at the downstream sites, 

which indicated a change of water quality at those downstream sites.  Moreover, Nitella 

sp. and Chara sp. were only found at the upstream sites. These are believed to be rarely 

present in the lotic ecosystems of Thailand.  Some physical and chemical factors such as 

TDS, conductivity, BOD5, and orthophosphate increased from upstream to downstream, 

whereas there were no great differences for the trophic level of water quality in June and 

October. In this study, we collected samples from a total of nine sampling sites that were 

located in both the upstream and downstream areas; however, the samples were collected 

in either June ( the dry season)  or October ( the rainy season) .  Thus, in future research 

studies, we are preparing to collect samples during all seasons in order to determine a 

fully accurate relationship between freshwater algae and water quality. 
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