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Geisgeil Eel Project Year 1 Interim report.
Introduction 
   The European Eel Anguilla anguilla is a UK priority species, it is thought to be the most “at risk” vertebrate in the country and stocks are believed to be in decline by as much as 99% on 1970’s numbers. There are a number of possible reasons thought to be responsible for this decline.
Over fishing
Obstructions to migration
Disease
Toxins – Flame-retardants.
Habitat loss
Climate change
The Eel is thought to make up 50% of the fish biomass in Freshwater, it is a keystone species and acts as both predator and prey, and it is an important food source for Otters, Heron and Bittern. As a predator/scavenger sick and dead fish/organisms are eaten. The Eel can be also an indicator of River/stream connectivity; it is both an ecological and economical important species, which may be lost.
   Due to the lack of data and the current status of the European Eel within Europe, management plans are required in order to protect and conserve stocks. In order for such plans to be drawn up and implemented, data/information is required on current stocks relating to recruitment (elvers/glass Eels) and escapement     (spawners, Silver Eels).
   Because of the complex and long lifecycle and again lack of data/information there are no definitive sampling techniques/methods in place. The need for data is even more relevant within the Highlands of Scotland and in particular the North West due to much slower growth rates, shorter growing seasons and proximity to gulf stream, because of this Highland Eels may form a major gene pool from stocks that migrated before the major decline in the 1970/80’s.
Overview of catchment
The Geisgeil catchment has its confluence with the sea at grid reference  216950  941050 There is a short length of approximately 300m consisting of mainly boulder and cobble substrate with glide and riffle flow types, depths range from 0-80cm. There is a Salmon Brood stock holding unit at the bottom end of this stretch. At the top at GR 217025 941050 there is a barrier in the form of a fish pass. Whether this is actually passable to salmonids is debatable, it may be a problem to Eel migration.
   Directly above the barrier is Loch Bad nam Mult. This offers a variety of habitats form shallow, stony margins and deeper, silty reed fringed margins to deep open water with weed beds including lilies. The other fish species within this loch are brown trout Salmo trutta and European Minnow Phoxinus phoxinus. No other fish species are thought to be present.
   Above the loch there is approximately 2.1km of surveyed burn as well as one burn that has not been surveyed. This dries in the summer months. Above this are numerous lochs and lochans most of which are connected; there are a number of lochs with no interconnecting burns also.
   The surveyed burn has two main habitat types
Shallow, glide/riffle
Deep, Pool/glide
Both types consist of both hard (boulder, cobble, pebble and gravel) and soft (Silt, sand and some high organic). There are areas of dense in stream vegetation and dense reed beds also. Undercutting and rocks dominate bank side cover and the surrounding land use is open moorland where heather dominates.
   There are a number of obstacles but these may only affect salmonid migrations. These are waterfalls which eels should be able to pass, there are some areas where the burn flows under boulders and cobbles, again, eels would be able to pass.
This catchment was chosen due to its location/access, it provides many points where eels may be intercepted and also a variety of habitats.
   The area above this burn needs further investigation; in particular the absence/presence of eels needs to be determined.
Aims
   The aim of this 3 year project is to determine the recruitment of young eels to the system and identify the number of escaping spawners or silver eels. In addition where possible, to gather as much information as possible on the resident yellow eel population. It is hoped that methods and techniques can be ascertained so further sampling on similar systems can be carried out. Water temperature and moon phase were also recorded so as to ascertain whether any relationships exist with migration patterns along with general weather conditions.
   In addition to physical sampling, research from a variety of sources on the general habits and biology of the species is ongoing. So little is known and there are many myths surrounding eels and it is hoped that some of these will proved or disproved.
   This initial first year investigation was carried out to see what methods work best for this catchment. A variety of capture methods were employed throughout the year and this forms the basis of this report.
Methods
Elvers
   Elver traps take many forms, it was decided initially to copy the methods employed by local elver fishermen as large numbers were caught historically. These take the shape of cylindrical containers or pipes with an inverted mesh cone with a small diameter hole. This allows the elver or glass eel to enter but makes it difficult to escape. These are placed at various points in the lower portion of the burn starting close to the confluence with the sea and at intervals upstream ending at the fish pass at the loch.
   These were kindly donated by a local fisherman who has stopped the practice and no longer required them. Techniques in setting these traps were also demonstrated. Elvers do not like strong flows and tend to stick to the margins when moving upstream, they are attracted to slower flows so sighting of these “ pipes “ is crucial. Any small barrier such as boulders or a narrowing within the burn are ideal. Flow is directed through the pipe using gathered moss. Moss is also placed around the entrance as this is favoured by the eel. The pipes also have attached a chord which can be used to further anchor it in case of a spate. The pipes were set in the morning and left to fish for 24 hrs and checked daily. It is important to note here that the traps were acquired towards the end of the migration so large numbers were not expected, when set at the peak time they are best checked every 6 hours to ensure the elvers do not perish.
   A grid reference of each trap was recorded so this can be replicated in future years. Initially ten pipe traps were set but this will be doubled in subsequent years. Elvers capture were weighed and counted so an average number per gram or Kilogram could be ascertained. This would make processing quicker and easier should large numbers be caught. The moon phase and water temperature were also recorded.
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                                      Elver Trap in situ.                                                                 Checking the trap
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Unexpected Yellow Eel found under one of the traps.
Yellow Eels
A variety of methods were applied in the capture of yellow eels. Baited traps were placed in various areas within the loch. These worked on the same principle as a lobster or crab pot. Bait was placed inside the traps so the eel would swim in through a funnel shaped entrance and then would have difficulty in finding its way out. A variety of baits were tried, these were known to work and have been used by commercial eel fishermen throughout the country. Chopped fish including mackerel, sprat herring and trout were placed in the pouches. These are relatively oily which would lay down a good scent in the water and so attract the eel. A variety of different habitats were tried, deep and shallow water, silty areas, marginal reed beds and open areas also.
   Angling was another method used. In order to capture all size ranges two rods were used. One was fished for smaller eels and one set up aiming for larger specimens. Baits used were lobworms and blast frozen Rainbow Trout. An interesting point to note is that on the majority of waters two types of eel may be present, a narrow headed eel which is thought to predominantly feed on invertebrates as the pointed head can root around under rocks, and a broad headed eel, this feeds mainly on fish, the broad head and larger mouth facilitates prey capture. It is thought that most waters will contain 95% of one type or the other. By using two rods with a mixture of worms and fish baits it was hoped to ascertain which the dominant type would be. Baits were fished through the night with the aid of visual bite alarms. Advice was also gained from members of the National Anguilla Club on best methods for hooking and unhooking as eels are notorious for swallowing baits. Deep hooking was to be avoided as much as possible. A total of 25 sessions of varying lengths were fished in a period starting on 10/03/2009 and ending 12/09/2009. As specimen eel angling is a hobby, many sessions were carried out in spare time.
It was hoped to carry out electro fishing surveys in the burn feeding the loch but this proved impossible due to the spatey nature of the burn. This will be attempted in 2010. A survey was carried out on the outflow by SEPA in 2009 and it is hoped that this site will also be used again.
A lot of physiological data was obtained from all eels captured. Length, weight, eye diameter, jaw length and width and lifestage were recorded. Water temperature and lunar phase were also noted along with time of capture. All yellow eels were marked using a visual elastomer implant. This is a simple procedure. The eel was first anaesthetised using MS-222. The elastomer was applied using a syringe at various points of the eel’s anatomy. Care was needed as eels recover quickly from the effects of anaesthesia, the tagging points were as follows, under chin, left pectoral fin, right pectoral fin, and below vent. This was to ensure no vital organs were accidentally damaged. By using a variety of colours, the eels could in effect be colour coded with numerous combinations. It is hoped future recaptures will occur and some idea of growth rate can be identified.
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                               Elastomer tagging a yellow eel                                                Eel tagged below the vent
Silver Eels
The downstream migration of Silver eels occurs in autumn and can last until December/January. Initially a trap was obtained from the River Conon District Salmon Fishery Board. This structure comprised of a large steel grid, a holding box and flume. It was hoped to place it in the vicinity of the fish pass at the downstream end of the loch. However, water levels were very high and a lack of man power meant that it was impossible to fit. This was a shame as it has caught eels before when it was used as a Smolt trap below the Orrin dam.
   A fyke net was deployed in the burn directly below the fish pass. High water meant that this did not fish effectively although one eel was caught.
   In the autumn of 2009 it was decided to concentrate fyke nets above the pass at the exit from the loch. Two sets of two fykes were used. Very deep water meant that fykes were hard to set effectively so the aim was to set them in shallower water in the hope that any silvers would still be caught. As this first year was really a trial to see what works best, a lot was learned about how not to set fykes. A dry suit and snorkel aided the operation as it was then possible to physically check that the nets were set correctly. Temperatures and lunar phases were recorded along with weather conditions and river/loch levels. Any eels captured would be processed as with yellow eels. These eels would not be marked as they were migrating out of the system. All fykes were checked on a daily basis and reset.

Results
Elvers
   A total of 129 juvenile eels were caught in the period 09/06/2009 – 22/06/2009. The total catch comprised of 38 glass eels and 91 pigmented elvers.
Fig.1
Chart showing total Pigmented Elver/Glass Eel catch for period 09/06/2009 – 22/06/2009

The total weight of all elvers/glass eels was 21.24 g which gave an average number per gramme as 5.61, this equates to 5610 elvers per kilogram. 
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                               A number of Elvers from a trap                        A number of juvenile Flounders were also captured







Table 1
 Showing Moon phase and daily captures with total weights (g) and number per g of Glass and Pigmented Eels.
	Date
	Moon
	Glass
	Glass (W)
	No/g
	Pigmented
	Pig. (W)
	No./g

	09/06/09
	Wane Gib 87%
	3
	0.5
	6
	4
	1
	5

	10/06/09
	Wane Gib. 80%
	7
	1
	7
	7
	1.2
	6

	11/06/09
	Wane Gib. 73%
	9
	1.3
	7
	6
	1
	6

	12/06/09
	Wane Gib. 67%
	7
	1
	7
	11
	1.9
	6

	13/06/09
	Lst Qtr 60%
	2
	0.3
	7
	11
	1.9
	6

	14/06/09
	Lst Qtr 53%
	1
	0.14
	7
	3
	0.5
	6

	15/06/09
	Lst Qtr 46%
	4
	0.6
	7
	2
	0.4
	5

	16/06/09
	Lst Qtr 40%
	1
	0.14
	7
	11
	2
	5

	17/06/09
	Wane Cres 33%
	0
	0
	0
	8
	1.3
	6

	18/06/09
	Wane Cres
26%
	1
	0.14
	7
	5
	1
	5

	19/06/09
	Wane Cres
19%
	0
	0
	0
	8
	1
	8

	20/06/09
	Wane Cres
12%
	2
	0.28
	7
	9
	1.5
	6

	21/06/09
	New Moon
6%
	0
	0
	0
	3
	0.5
	6

	22/06/09
	New Moon
1%
	1
	0.14
	7
	3
	0.5
	6



Fig.2





Yellow Eels
Traps were set and fished from 05/03/09 to 25/05/09. No Yellow Eels were captured using traps, it is thought that Eels may have entered the traps and escaped. These traps will be modified and will be used again in 2010/2011 in order to improve on the method. Other species were captured including Brown Trout and Minnows. Brown Trout were measured and scale samples collected in order to assess the resident Trout population and are not included here. All Minnows were removed as they are not native to the Sutherland area. These in turn were used for bait after being killed. It was noted that three distinct sizes exist.
[image: F:\Geisgeil EEL PROJECT\photos\006.JPG]
Minnows taken from Loch – Note 3 distinct size groups.
A total of 2180 minnows were captured and removed. 51 Brown Trout were captured using traps and a further 17 from angling with sizes ranging from 77mm to 309mm. A trap was placed below the fish pass and again no Eels were captured, 4 Salmon Parr were caught here with a size range of 77mm – 81mm. It is evident that this method needs improving in order to capture Eels. Angling proved a successful method. A total of 17 Eels were caught, this comprised of 6 silvering eels and 11 yellow eels. 
	Date
	Temp
	Moon
	Length
	Weight
	Jaw Length
	Jaw Width
	Eye Diameter
	Yellow
Silver
	Bait
	Tag No.

	22/05/09
	12.4
	Wan C
	612
	567.00
	40
	33
	5
	Y
	Trout
	N/T

	
	
	
	643
	567.00
	41
	34
	7
	S
	Trout
	N/T

	
	
	
	502
	396.90
	30
	25
	8
	S
	Trout
	N/T

	
	
	
	492
	226.80
	30
	25
	3
	S
	Worm
	N/T

	03/06/09
	15.8
	Wax C
	360
	80.00
	4
	3
	2
	Y
	Worm
	1

	
	
	
	280
	33.00
	4
	3
	2
	Y
	Worm
	2

	
	
	
	710
	1048.95
	16
	30
	6
	Y
	Trout
	3

	25/07/09
	16.2
	Wax C
	570
	623.69
	30
	25
	5
	Y
	Trout
	4

	
	
	
	660
	680.39
	30
	35
	7
	Y
	Trout
	5

	20/08/09
	15.2
	New
	665
	793.79
	42
	34
	5
	Y
	Trout
	6

	
	
	
	744
	1048.95
	18
	36
	6
	Y
	Trout
	7

	28/08/09
	14.4
	Wan G
	758
	1077.30
	18
	34
	6
	Y
	Trout
	8

	
	
	
	620
	538.65
	39
	30
	6
	S
	Trout
	N/T

	
	
	
	654
	708.75
	36
	32
	7
	Y
	Minnow
	9

	12/09/09
	14
	Last Q
	566
	453.60
	33
	26
	7
	S
	Trout
	N/T

	
	
	
	590
	510.30
	34
	27
	5
	Y
	Trout
	10

	
	
	
	634
	538.65
	33
	23
	7
	S
	Trout
	N/T


Table 2 Showing total rod caught Eels
Trout baits were taken readily, these were taken by the larger fish, small fish were captured using worm and a distinct difference in head shape was noticed as can be seem in the photographs below.
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                                             Narrow head taken on worm                                Broad head taken on Trout
In addition one particular eel regurgitated a smaller eel shortly after capture. The eel in question was 744mm in length and regurgitated a smaller narrow head measuring 300mm.
[image: F:\Geisgeil EEL PROJECT\eel regurg\004.JPG]
Eel with regurgitated prey
During these angling sessions numerous dropped takes were encountered, this was probably due to two possible theories. There are a large number of smaller eels competing; when eels feed they tend to rip bite size morsels from the bait, sometimes spinning on their own axis. As the eel has a comparatively small mouth and its dislike for any resistance, this would lead to an instant release of the bait. As a member of a the National Anguilla Club, a specialist angling/conservation group, it was possible to seek advice from other experienced members and modifications to fishing tackle has now been made which cuts down on resistance and aids in bite detection allowing for a quicker strike and an even less chance of a deep hooked fish. It is important to note that only one fish was deep hooked, this was the first fish caught and was not tagged.
   The larger fish, which had the broadest heads did not attempt to bite chunks from the bait, in these case bites were unmissable, taking the bait whole and running with it. It can be seen from the table that these specimens had the broadest head when compared to head length.
   A number of silvering eels were also caught and as can be seen from the table, eye diameter was larger overall when compared to the yellow eels. This is due to the onset of migration; eyes enlarge for vision as they swim at depth once reaching the open ocean. These eels were caught all through the summer and were not the biggest, it is possible due to the proximity of the sea that the majority would be males as females tend to inhabit upper reaches, these fish would possibly migrate in the autumn.
Although angling started in March, the first fish was actually caught towards the end of May; this is related to water temperature. Once the temperature was above 10oC eels became more active. A data logger was in place in the loch and recorded the water temperature every 6 hours. From this a weekly average temperature was ascertained and plotted.
Fig.3

Chart showing weekly average temperatures March to June 2009

Chart showing weekly average temperatures mid October to December 2009
Moon phases did not affect feeding patterns, although eels were not caught on every session, many bites/takes were observed. All eels except one were taken in the hours of darkness and this became very predictable. Feeding times were noticeable to such an extent that it was possible to predict the time that the eels would feed. They coincided with sunset so became later as the summer wore on. However, due to the short nights this meant the feeding period lasted for only 3-4 hours because as soon as the sun rose takes/bites ceased. This may also explain the number of bites during darkness and the competition for food.
SEPA carried out an electrofishing survey in the stretch below the loch, a total of 90 eels were caught with an average length of 224.08mm. In addition a number of trout and juvenile salmon were also captured. It is important to note that no juvenile salmon have been captured above the fish pass which suggests that it is impassable to salmonids.
Fig.4


Eel length/frequency from SEPA electrofishing

 Discussion
   This was the first year of the project with no set techniques or methods, the aim this year was to see what methods worked and were feasible. Trapping of yellow and silver eels was unsuccessful and a number of modifications need to be made. These modifications relate to the actual setting and siting of traps and fyke nets. It has been shown that other species can be caught in these traps and so with correct siting should be successful in the capture of Eels.
   Elver traps/pipes have worked and will be in position from March onwards to coincide with the years Elver run. It is also hoped that some form of pass/trapping mechanism be incorporated into the modifications at the existing fish pass at the mouth of the Loch, this may be further modified to capture any migrating silver eels also.
   Angling has been a successful method of capture and much has been learned about the feeding habits within the loch. Although time consuming, it is also a hobby and can be done in spare time. In addition by fishing other waters comparisons can be made in the sizes and habits of individuals from different water bodies. It is hoped that members of the National Anguilla Club will help in the capture and tagging process this year and hopefully tagged individuals may be caught. If this continues over the next few years some idea of growth rates may be formulated.
  Electrofishing operations will be carried out in both the outflow and above the loch at various sites this year along with further investigation on the lochs further upstream.
  This year a number of individuals will be dispatched in order to ascertain age through otolith readings along with dissections to see as to whether the parasite Anguillicola crassius exists within the population as this is one of the many reasons for the decline in the species. In addition underwater recording of traps and baited areas will give some idea as to how the eel reacts to the traps and also how the eel feeds. Research into finding a suitable product for this purpose is underway.
  Modifications to the physiological data recorded will be made as the current measurements leave too many areas for error. The Jaw length and width will still be taken but in addition a measurement from the tip of snout to the pectoral fin will give a measurement of head size. The jaw width will be a measurement between the nostrils or nares. In addition further measurements will be taken these comprise of tip of snout to the start of dorsal and anal fin.
  This project has also given the opportunity to raise awareness both locally and nationally into the plight of the European Eel. A number of spin off projects involving local schools, field clubs and the local biodiversity forums have taken place. These activities include presentations, demonstrations and workshops. These have all been greatly received with interest coming in from further afield. More activities are planned for this year and it is hoped that these are met with the same amount of success.
To conclude, this year has been difficult with some success and also some failures. By constantly modifying it is hoped that the following years are met with more success and an insight into this species can be gained. The main issue is the capture of silver eels and hopefully this problem will be overcome. This project has gained momentum as the year has progressed; more questions need to be answered along with the capture of many more individuals in order to understand the dynamics of this population.
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