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الخلاصة:
تم جمع العينات في تشرين الاول من عام 2006 وذلك لغرض اجراء التحاليل الكيميائية والفيزيائية في ثمانية مواقع على طول نهر الـTanat، بالقرب من بلدة Llangynog في مقاطعة ويلز البريطانية لمراقبة التطور والتغيير في الخواص الكيميائية والفيزيائية لنهر الـTanat بتدفق مجرى النهر من الاعلى الى الاسفل. بالاضافة الى البيانات الفيزيائية والكيميائية، تم جمع اللافقريات الكبيرة الحجم Macroinvertebrates في كل موقع من أجل تحديد ما اذا كان "River Continum Concept"، وهو مفهوم يشير الى ان المجتمعات  الاحيائية تتواجد في مواقع متنوعة ويمكن التنبؤ بها كإستجابة مباشرة لبعض العوامل بما في ذلك الانحدارات والملامح الجيومورفولوجية وجسيمات مادية معينة، والتي طُبقت على طول نهر الـTanat. بينت تحليل البيانات ان الخواص الفيزيائية والكيميائية لنهر الـTanat تتبع نمطاً يمكن التنبؤ به مع الانحدار والسرعة والتي تتناقص على طول ميل المجرى نحو المصب، ودرجة الحرارة، والتفريغ، والعسرة وجميعها تزداد بزيادة تدفق التيار وبعدها عن المصدر. بينت النتائج المستحصل عليها من عينات الـMacroinvertebrates وفرة الانواع الجامعة/ الكاشطة مع زيادة مجرى النهر نحو المصب، الا ان البيانات لم تكشف عن النمط الحقيقي للوضع المجتمعي لمجاميع التغذية للـMacroinvertebrates. وعموماً فإن مفهوم الـ"River Continum Concept" ينطبق على نهر الـTanat عند النظر في الخصائص الفيزيائية والكيميائية للنهر وهي تتحرك نحو المصب، ولكن المجتمعات المحلية للـMacroinvertebrates على طول نهر الـTanat لا يبدو انها تظهر نمطاً يمكن التنبؤ به.

Abstract

         In October of 2006, chemical and physical data was collected at eight sites along the, near the town of Llangynog in Wales to observe how the chemical and physical properties of the Tanat River evolve and migrate as it flows downstream.  In addition to physical and chemical data, macroinvertebrates were collected at each site in order to determine if the “river continuum concept”, a concept which suggests that biotic communities are “predictably positioned” in a river system in direct response to certain factors including physical gradient, geomorphic features, light input, and particulate matter, was applicable along the Tanat River.  Analysis of the data revealed that physical and chemical properties of the Tanat River followed a predictable pattern with slope and velocity decreasing over the stream gradient, and temperature, conductivity, discharge, and hardness all increasing as the stream migrated.  Data from macroinvertebrate sampling revealed the abundance of collector/scraper species increased as the stream moved downstream; however, the data did not reveal a true pattern of community placement for all macroinvertebrate feeding groups.  Overall, the “river continuum concept” appears to be applicable to the Tanat River when considering physical and chemical properties of the river as it moves downstream; however, macroinvertebrate communities along the Tanat River do not appear to exhibit a predictable pattern.

Keywords:  macroinvertebrates, river continuum concept, Tanat River, stream gradient, physico-Chemical properties.
1.0
Introduction
The Tanat River originates in the Cambrian Mountains, approximately 50 kilometres west of Shrewsbury in Wales, within Great Britain (Figure 1), and flows southeast for approximately 35 kilometres to a confluence with the River Vyrnwy (Figure 1).    

The valley in which the Tanat River is located is a narrow one, occupying an area less than 1 kilometre in width, and separating the Berwyn Mountains to the north and the Montgomery Hills to the south.  Evidence of human influence, including sustained agriculture and silviculture, is apparent throughout the Tanat River watershed (CPAT, 2006), and the area is still used extensively for sheep farming.
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              Figure 1.  Location of Tanat River near Shrewsbury, Wales (Multimap, 2006).

In October of 2006, eight sites along the Rivers Tanat, Eirth, and Vyrnwy were surveyed, and physical and chemical data were collected in order to observe how the chemical and physical properties of the Tanat River evolve and migrate as it flows from its headwaters in the Cambrian Mountains to its confluence with the River Vyrnwy.  Macroinvertebrates were collected at each site in order to determine if the “river continuum concept” (Vannote et al., 1980) could be applied to the Tanat River and its tributaries.   

The concept of a “river continuum” was first conceived by a group of scientists (Vannote et al., 1980) who suggested that biotic communities are “predictably positioned” along a stream or river based on factors such as light input, coarse particulate matter, fine particulate matter, and geo-morphologic conditions.   Although the concept was developed in the context of relatively undisturbed stream systems, it was hoped that the “river continuum concept” could have wide applicability, even to more disturbed systems.  Therefore, in addition to comparing physical and chemical data along the stream gradient, this report also aims to demonstrate the “river continuum concept” as it applies to the Tanat River.

1.1
River Continuum Concept

The “river continuum concept” concept, as set forth by Vannote and his colleagues (Vannote et al. 1980), suggests that as energy inputs and geo-morphological features evolve and migrate downstream, macro-invertebrate communities downstream are continuously replaced with macro-invertebrate communities who are, not only more tolerant of the chemical and physical qualities of the water, but who are also efficient at utilizing the food losses of the benthic communities upstream of them.
According to Vannote et al. (1980), this concept assumes that undisturbed low-order streams exhibit cooler temperatures as a result of canopy cover and a dominant organic input of coarse particulate matter made up of leaves and woody debris.  Because of low light levels and coarse material, low order streams are expected to exhibit low production to respiration (P:R) ratios (less than one) and are dominated by a shredder invertebrate communities.  

Mid-order streams tend to be wider with increased light production, resulting in a P:R ratio greater than one.  This provides more favourable habitat for attached algae and macrophyte growth.  Riparian vegetation still provides coarse particulate matter but the addition of finer materials provides for a diverse benthic community which may include collectors, grazers, and predators, and shredders.

In high-order channels the streams are wider still, but light penetration is reduced as a result of increased turbidity; therefore, the P:R ration again falls below one.  The concept suggests that coarse particulate matter in these systems has been reduced to fine particulate matter and 56 relocated from upstream, resulting in a collector-dominated community.  

2.0
Materials and Methods
2.1
Physical and Chemical Properties
Multiple methods and materials were used in the collection of chemical and physical data along the Tanat River.  Physical and chemical data collected at each site included:

· mean velocity in meters per second (m/s),

· discharge in cubic meters per second (m3/s),

· percentage of dissolved oxygen (%),

· temperature in degrees Celsius ((C),

· pH,

· conductivity in micro Seimens ((S),

· total hardness expressed as milligrams per litre of calcium carbonate (mg/l CaCO3),

· calcium hardness (mg/l CaCO3),
· nitrate concentration (mg/l), 

· and phosphate concentration (mg/l).  

Equipment used for the collection of this data included:

· ADS Sensa RC-2 water velocity meter,

· Phox 62-TE oxygen meter with IC600 electrode,

· Colorimetric analysis kit,

· Hanna HI-9033 multi-range conductivity meter,

· EDTA titration kit,

· Hach colorimetric nitrate test kit, 

· and Hach colorimetric orthophosphate test kit.

Data including stream width, bank height, water depth, substrate, turbidity, and aquatic and riparian vegetation were also recorded for each site.  

2.2
Macroinvertebrate Sampling

Macroinvertebrates were collected at each site with kick nets.  Macroinvertebrates collected in the field were identified and recorded.  The resulting data was tallied and categorized according to family, genus, and/or site number.  The abundance of each macroinvertebrate species and/or family was estimated using the DACFOR scale, a method in which the abundance of a species for each site is categorized as dominant (D), abundant (A), common (C), frequent (F), occasional (O), or rare (R).    

Functional feeding groups were applied to macroinvertebrates in the families Ephemeroptera (mayflies), Trichoptera (caddisflies), Coleoptera (beetles), and Diptera (true flies) based on the classification as put forth by Cummings (1973), where applicable.  All species that were collected during this study are provided within this paper; however, only the above-referenced families were used to assess the distribution of functional feeding groups.  The percentage of each of the above-referenced families was calculated in order to determine which functional feeding group dominated at each site.

3.0
Results
Eight sites along the rivers Tanat, Eirth, and Vyrnwy (Figure 1) were surveyed at approximately 0.2, 2.0, 1.2, 3.5, 8.0, 17.0, 27.0, and 45 kilometres from their source.  This section is intended to provide a depiction of the conditions at each site.   

3.1
Site 1

Approximately 470 metres above sea level at Site 1 (Figure 1), the River Eirth begins as a small intermittent channel, approximately 0.5 metre wide.  The slope at this site is relatively steep, 70 m/km, and the stream exhibits fast flow over a gravel and detritus-dominated substrate.  The banks are sinuous and are dominated by soft rush (Juncus effusus), thistle (Carduus sp.), clover (Trifolium sp.), and ranunclus (Ranunculus sp.).  At the time of the field visit, dissolved oxygen at this site was near 100 % and the water, discharging at approximately 3 m3/s, was 9.9 (C.  Physical and chemical data collected at each site is provided in Table 1.  

Table 1.  Physical and chemical properties of the Tanat River.

	
	SITES

	
	1
	2A
	2B
	3
	4
	5
	6
	7

	Stream Order
	1.00
	2.00
	1.00
	3.00
	4.00
	4.00
	5.00
	7.00

	Altitude (m)
	470.00
	400.00
	400.00
	250.00
	150.00
	117.00
	86.00
	58.00

	Distance from source (km)
	0.20
	2.00
	1.20
	3.50
	8.00
	17.00
	27.00
	45.00

	Slope (m/km)(
	70.00
	220.00
	220.00
	26.00
	6.00
	3.50
	3.50
	<1

	Velocity (m/sec)
	0.13
	0.37
	0.60
	1.09
	0.64
	0.91
	0.20
	0.20

	Discharge (m3/sec)*
	0.03
	0.45
	0.24
	1.65
	2.02
	6.92
	N/M
	N/M

	Temperature ((C)
	9.90
	10.00
	10.50
	11.30
	11.00
	11.00
	11.00
	122.00

	Dissolved Oxygen (%)
	98.00
	100.00
	100.00
	100.00
	99.00
	100.00
	97.00
	91.00

	pH
	5.40
	5.50
	6.80
	6.30
	6.60
	6.70
	6.90
	7.30

	Conductivity ((S/cm)
	67.00
	27.00
	52.00
	33.00
	49.00
	55.00
	84.00
	103.00

	Total Hardness (mg/l CaCO3)
	14.00
	6.00
	19.00
	10.00
	16.00
	18.00
	25.00
	31.00

	Calcium Hardness (mg/l CaCO3)
	8.00
	1.00
	10.00
	2.50
	6.00
	8.00
	15.00
	20.00

	Nitrate (mg/L)**
	N/D
	N/D
	N/D
	N/D
	N/D
	N/D
	N/D
	N/D

	Phosphate (mg/L)**
	N/D
	N/D
	N/D
	N/D
	N/D
	N/D
	N/D
	N/D


*N/M:  Not measurable due to the flood conditions at the time of the field visit

**N/D:  None detected

3.2
Sites 2A and 2B

Sites 2A and 2B (Figure 1) are less than 40 metres from each other and are situated approximately 2.0 and 1.2 kilometres, respectively, from their sources.  Based on their proximity to one another, it is not surprising that the two sites exhibited similar stream structure and temperature.  Both sites have cascading structures, steep slopes (Table 1), and substrates composed of bedrock, boulders, cobble, and gravel.  At the time of the field investigations, both streams exhibited 100 % levels of dissolved oxygen and temperatures ranging between 10.0 and 10.5 (C.  

Although the streams at Sites 2A and 2B exhibited similar temperatures and structure, their chemical properties were vastly different.  Site 2B exhibited a much more basic pH of 6.8 than 2A which exhibited a pH of 5.5 (Table 1).  In addition, the conductivity was almost twice as high at site 2B than 2A (52 and 27 (S/cm, respectively [Table 1]), indicating a higher level of metals in the stream, and both the total hardness and calcium hardness were more than three times as high at site 2B than 2A (Table 1).  This phenomenon may be explained by the fact that a dolomite  (a sedimentary rock composed of calcium magnesium carbonate [Deelman, J. C, 1999]) dyke is present at Site 2B, which likely contributes to the calcium richness of the water at this site and all sites downstream of it. 

Although the valley in which the Tanat River is situated has been heavily logged, sites 2A and 2B are relatively undisturbed rocky outcrops with both herbaceous and shrub vegetation.  Several species of mosses, including species of Brachythecium, and ferns were observed at the site, in addition to soft rush and thistle.  

Macroinvertebrates collected at Site 2A included species of Tubificidae, Leuctra and Perlidae (Family Plecoptera), Polycentropus, Elminthidae (Family Coleoptera), Simulium (Family Diptera), Sialis (Family Megaoloptera), and Hydracarina (Family Arachnida), with a total species count of 8 (Table 2).  Site 2B also had specimens from the Families Oligocheate, Plecoptera, Trichoptera, Coleoptera, and Diptera; however, site 2B had species of molluscs and crustaceans (Families Mollusca and Crustacea) living in the substrate.  Two species from the Family Ephemeroptera (Baetis and Ecdyonurus) were also collected at Site 2B only.  The total amount of species collected at Site 2B was 12 (Table 2).  

Table 2.  List of macroinvertebrates surveys conducted at eight sites (Figure 1) along the Tanat River.
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3.3
Site 3

Site 3 is located on the Eirth River, approximately 3.5 kilometres from its source (Figure 1).  At the time of the field investigations, the stream exhibited fast flow over a substrate of gravel and cobble, and the dissolved oxygen level at this stage in the river was still at 100 %.  The pH was consistent with that of Site 2B (pH 6.8), exhibiting a pH of 6.3 (Table 1).  The temperature had risen at Site 3 to 11.3 (C, but the conductivity had dropped to 33 μS.  The water had a total hardness of 10 mg/l CaCO3 and a calcium hardness of 2.5 mg/l CaCO3.

1For the most part, the riparian vegetation along the stream at Site 3 is grass (Festuca sp.) that has been grazed to the bank by sheep; however, there are mature trees along the banks that provide good stream shading including silver elm (Fraxinus excelsior), rowan (Sorbus sp.), hawthorne (Craetaegus sp.), and alder (Alnus lutinosa).  

Macroinvertebrates found at Site 3 included species of Lumbriculidae (Family Oligochaete); Ancylus (Family Mollusca); Chloroperla (Family Plecoptera); Baetis and Ecdyonurus; Hydropysche, Odontoceridae, Phryganae, and Rhyacophila (Family Trichoptera); Elminthidae, and Tipulidae (Family Diptera), with a total species count of 11 (Table 1).
3.4
Site 4

Site 4 is located on the Tanat River approximately 8 kilometres downstream of its source and downstream of its confluence with the River Eirth.  The substrate at Site 4 is composed predominantly of cobble and gravel and the river has widened to 10.4 metres.  At the time of the field investigations, the velocity of the Tanat River had slowed quite a bit (0.64 m/sec) compared to the velocities at the previous sites (Table 1), which may be explained by the fact that between Sites 3 and 4 the slope has levelled from 26 m/km to just 6 m/km (Table 1).  The dissolved oxygen at Site 4 was still near 100 % and the river exhibited a basic pH of 6.6; however, the amount of discharge, the conductivity, and the hardness of the Tanat River continued to climb as the river migrated downstream (Table 1).   

The site is bordered on one side by a road and by a sheep farm on the other.  Because the vegetation is routinely grazed by sheep, the vegetation at the site is dominated by herbaceous species such as soft rush, fescue, and reed canary grass (Phalaris arundinacia).  In addition to herbaceous species, there are alder and ash (Fraxinus sp.) trees scattered around the site.

Macroinvertebrates collected at the site include species such as Lumbriculidae; Ancylus and Limnaea (Family Molluca); Gammarus, Leuctra, Baetis, Ecdyonurus, Hydropysche, Leptoceridae, Polycentropus, and Dryopidae (Family Coleoptera), and Tabanidae (Family Diptera), with a total species count of 12 (Table 1).

3.5
Site 5

Site 5 is located on the Tanat River, approximately 17 kilometres from its source (Figure 1). Due to recent heavy rains, the river exhibited flood conditions at the time of the field investigations and the river was moving at approximately 0.91 m/sec with 100 % dissolved oxygen.  The substrate at Site 5 is composed mostly of cobble and the river is more than 12 metres wide.  The slope continued to decrease as the river migrated downstream and the temperature was consistent, with temperatures from all the Sites (1 to 5) being within approximately 1 (C of one another (Table 1).  In addition, the pH is still basic with a pH of 6.7.  Discharge, conductivity, and hardness were all higher at Site 5 than the previous sites (Table 1).

Sheep farming dominates the land use surrounding Site 5; however, sheep are fenced out of the riparian area allowing trees such as ash and alder to mature.  In addition, herbaceous species such as fescue, reed canary grass, and impatiens (Impatiens glandulifera) are abundant at the site.  

Macroinvertebrates collected at the site include species of Lumbriculidae, Tubificidae, Erpobdella (Family Hirudinea), Ancylus, Gammarus, Leuctra, Baetis, Ecdyonurus, Paraleptophlebia (Family Ephemeroptera), Hydropysche, Leptoceridae, Dytiscidae (Family Coleoptera), Helodidae (Family Coleoptera), Tipulidae, and Hydracarina, in addition to one species from the family Gordiacea, with a total species count of 16 (Table 2).  A rare river lamprey (Lampetra fluviatilis) was also collected at this site.

3.6
Site 6

Site 6 is located on the Tanat River approximately 27 kilometres from its source (Figure 1).  At Site 6, the slope had levelled off at approximately 3.5 m/km, the velocity has slowed to 0.2 m/sec (Table 1), and the river has widened to approximately 20 metres in width.  The decreased slope and velocity may explain why the substrate had changed from one dominated by cobble and boulders at Sites 1 through 5 to one dominated by sand and gravel at Site 6 because the stream power may not be high enough to move coarse substrate material at lower velocities.  At the time of the field investigations, the temperature was still consistent at 11 (C and the dissolved oxygen was near 100 % (Table 1).  

The Tanat River at Site 6 has a well-defined riparian buffer with a developed canopy that provides good shading for the river.  Representative woody and herbaceous species include maples (Acer sp.), alder, willow (Salix fragilis), elderberry (Sambucus sp.), impatiens, privet (Ligustrum sp.), and stinging nettle (Urtica dioica).  

Macroinvertebrates collected at Site 6 included species of Lumbriculidae, Gammarus, Leuctra, Baetis, Ecdyonurus, Ephemera (Family Ephemeroptera), Hydropysche, Philopotamus, Polycentropus, Tipulidae, and Hydracarina, in addition to a species from the Family Gordiacea, for a total species count of 12 (Table 2).

3.7
Site 7

Site 7 is located on the River Vyrnwy, approximately 45 kilometres from its source (Figure 1).  At the time of the field visit, the river was exhibiting flood conditions making accurate discharge, substrate, and macroinvertebrate investigations difficult.  The slope at Site 7 was less than 1 m/km and the water velocity had levelled off at 0.2 m/sec.  The temperature at Site 7 was a little warmer than the previous sites at 12 (C and the dissolved oxygen content had dropped to approximately 91 % (Table 1).  The pH was even more basic with a pH of 7.3 (Table 1).  As expected, both the conductivity and the hardness of the water at Site 7 were higher than all of the other sites (Table 1).  As mentioned earlier, the conditions at the time of the field visit were not favourable for measuring discharge; therefore, there is no discharge data for Site 7.

The river channel at Site 7 was deeper and wider than all of the other sites and the banks were up to 4 metres high.  In addition, the riparian area lacked any dominant shrub or tree component and was dominated instead by grasses such as fescue.  Limited macroinvertebrate sampling along the river margins revealed species of Lumbriculidae, Ancylus, Ecdyonurus, and Tabanidae, with a total species count of 4 (Table 2).  

3.8
Physical and Chemical Data

Physical and chemical data collected at Site 1 through 7 (Tables 1 and 2) revealed that the characteristics of the river system changed in a fairly consistent manner as the river migrated downstream and is summarized in Table 1.  Along the stream gradient, the river widened, the slope decreased (Figure 2), velocities slowed (Figure 3), and the substrate changed from one dominated by large, coarse material such as bedrock, boulders, and cobble to one dominated by finer materials like gravel.  The dissolved oxygen remained near 100 % the entire length of the study corridor, with only Site 7 exhibiting a noticeable decrease in dissolved oxygen (Figure 4).  The temperature was relatively stable along the river corridor with only a 1(C temperature increase between Site 1 and Site 7 (Figure 5).  As the river migrated downstream, the conductivity, pH, and total and calcium hardness gradually increased (Figures 6, 7, and 8).  In addition, the river’s discharge continued to climb as it progressed downstream (Figure 9).
3.9 Macroinvertebrate Sampling

Macroinvertebrate sampling data collected at Sites 1 through 7 is summarized in Table 2 and revealed that the lowest numbers of species were collected at Sites 1 and 7 and the highest number of species was collected at Site 5 (Table 2).

Using Cumming’s (1973) categorisation of benthic feeding groups, the data from Sites 1 through 7 indicate that all of the species observed within the family Ephemeroptera were collectors and scrapers; the family Trichoptera included all four of the feeding groups but was dominated by shredders and predators; the family Coleoptera included both predators and scrapers; and the family Diptera included all four feeding groups (Table 3).  To determine which functional feeding group dominated at each site, the percentage of each of the above-referenced families was calculated (Table 3 and Figure 10).  
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Figure 2.  Slope of Tanat River from source to 

               45 kilometres from source.                                                                     Figure 3.  Velocity of Tanat River from source to
                                                                                                                                                45 kilometres from source.
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Figure 4.  Dissolved Oxygen of Tanat River from source to
               45 kilometres from source.

                                                                                                               Figure 5.  Temperature of Tanat River from source to
                                                                                                                    45 kilometres from source.
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Figure 6.  Conductivity of Riv1er Tanat from source
                                 Figure 7.  The pH of Tanat River from source to
      to 45 kilometres  from source                                                                                         45   kilometres from source.   .
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Figure 8.  Total and calcium hardness of Tanat River from source to         Figure 9.  Discharge of Tanat River from source to 45
                                     45 kilometres from source                                                                         kilometres from source.
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Table 3.  Distribution of Ephemeroptera, Trichoptera, Coleoptera, and Diptera along the Tanat River.  


*Functional feeding groups were assigned based on Cummings (1973).

Figure 10.  Percentage of functional feeding groups by family at eight sites along the Tanat River.

4. 0     Discussion
4.1
Ecology of the Tanat River
As a river migrates downstream, its width, velocity, depth, and temperature are expected to change in a consistent way (SWRC, 2006).  Much like the “river continuum concept” (Vannote et al., 1980), these changes are predictable (SWRC, 2006), and it is expected that streams will become wider, warmer, and slower as they move downstream.  This was mostly true for the Tanat River, which widened from each site to the next.  Overall, both the temperature and the velocity dropped and slowed as the river progressed downstream and the slope levelled off; however, the velocities at Sites 2A and 2B were faster than that of Site 1 most likely because of the geo-morphologic features of the landscape and the presence of bedrock at Sites 2A and 2B.  
As streams slow and warm, they provide more favourable habitat for phytoplankton, which in turn, use oxygen, and therefore; the percentage of dissolved oxygen is also expected to go down as the stream stalls and warms.  The dissolved oxygen content along the Tanat River, however, remained close to 100 % at all sites except for Site 7.  Heavy rains had fallen in the Tanat River valley a few days prior to field investigations, which may explain why the dissolved oxygen content was so high.  

Increased collection of precipitation and input from 1st, 2nd, and 3rd order streams contributes to an increase in discharge along a large river system.  In addition, these inputs contribute to nutrient levels in receiving waters and it is expected that discharge and eutrophication will rise as the stream travels down the valley.  This was true for the Rivers Tanat, Eirth, and Vyrnwy, whose discharge continued to rise from one site to the next.   In addition, the total and calcium hardness of the river water, as well as the pH, increased as the river migrated downstream.  The abundance of calcium in the water is likely due to the dolomite dyke located at Site 2B.  Overall, data collected from Sites 1 through 7 was consistent with the idea of a “predictable” physical and chemical “continuum” (Vannote et al. 1980).  There were however, incredibly varying chemical differences at Sites 2A and 2B which are worth noting.
A very interesting geo-morphological feature occurs at Site 2B in the form a dolomite dyke, which is formed from of calcium magnesium carbonate (Deelman, J. C, 1999). This may explain the extraordinary chemical differences between Sites 2A and 2B and may also explain why the Tanat River exhibits such a high pH at Site 2B, and at every site downstream of it, but not at 2A.  It may also explain the presence of the mollusc Ancylus at Site 2B, which requires high levels of calcium for shell production.  

4.2
Application of the “River Continuum Concept”

As discussed earlier, the concept of the “river continuum” (Vannote et al. 1980) implies that macroinvertebrate communities are “predictably” positioned along a river system based on geo-morphological features, light input, and coarse and fine particulate matter.  The concept further suggests that there are functional macroinvertebrate feeding groups situated along the corridor based on how they process particulate matter.  For instance, in the headwaters of relatively undisturbed river systems with a mature canopy, the dominant energy input comes from leaf litter and forest debris.  The idea is that macroinvertebrate communities in these headwaters will be dominated by shredder species, who are physically equipped to cope with the coarse material.  The concept (Vannote et al. 1980) suggests that as a river migrates downstream, it widens and receives more light, thereby promoting algal growth.  In addition, material that has been shredded upstream, but lost, is transported downstream.  This creates a favourable atmosphere for macroinvertebrate collectors and scrapers.  

Although Vannote and his colleagues (1980) hoped that the “river continuum concept” would have applicability even in disturbed ecosystems, it does not appear to apply to the Tanat River.  Analysis of the macroinvertebrate data collected along the Tanat River did not reveal any true patterns of location based on functional feeding groups.  The family Ephemeroptera, a family of collectors and scrapers, did show an increasing dominance over the stream gradient which is fairly consistent with the idea that there is more food available for collectors further downstream; however, for the most part, different species, families, and feeding groups were scattered randomly throughout the study corridor.  

4.3 Limitations in Data Collection

4. 3. 1. Chemical and Physical Data Collection

Chemical and physical data collection for the October 2006 survey of the Rivers Tanat, Eirth, and Vyrnwy may have been biased for several reasons.  Data at the sites was often collected by inexperienced surveyors, who lacked familiarity with some of the procedures, possibly resulting in skewed results.  In addition, the kits used to indicate levels of nitrogen and phosphorus were not sensitive enough to accurately measure the levels of these nutrients in the rivers, making a comprehensive discussion of their influence on the systems difficult at best.  The conductivity meters were not consistently calibrated which may have resulted in errors in conductivity readings.  In addition, multiple velocity measurements were not taken at different distances across the stream and at different water heights, which may have resulted in errors in velocity readings.  At flooded sites downstream, the velocities measurements were either abandoned or taken from the river edge, where the velocity is not representative of the total flow.
4. 3. 2. Biotic Data Collection

Macroinvertebrate data collection for the October 2006 survey of Rivers Tanat, Eirth, and Vyrnwy may have been biased for several reasons.  Several of the sites were experiencing very high flows making representative sampling of all stream areas difficult and at times, macroinvertebrates were only collected at the margins of the river system.  This has likely resulted in a biased representation of the species and may not accurately portray the true distribution of species.  In addition, the macroinvertebrate survey was not designed to consider samples that were evenly distributed between pools and riffles, which may have also affected results.

5.0
Conclusions
As a river migrates downstream, its chemical and physical properties are expected to change in a consistent and predictable way, and it is expected that streams will become wider, warmer, and slower as they move downstream.  In much the same way, the “river continuum concept” suggests that biotic communities in streams will also be predictably positioned along a river corridor.  To test this theory and to observe the physical and chemical characteristics of a relatively undisturbed river system, eight sites along the Rivers Eirth, Tanat, and Vrrnwy were visited.  At each site, physical, chemical, and biotic parameters were observed and measured.  The data was analysed and revealed that the chemical and physical conditions of the rivers, at the time of the survey, were consistent with what was expected in the context of published literature.  However, the distribution of biotic communities along the river corridor did not appear to follow a consistent pattern; therefore, the “river continuum concept” can not be correctly applied to the Tanat River and its tributaries.  
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