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Abstract

The object of this study was to investigate drift of grayling fry in two large Norwegian inland
rivers. Previous studies of migrations and area use of grayling in the Otta-Gudbrandsdalslagen
river system made the area well suited for further studies. There is little knowledge about the
migrations of year-of-young grayling in such systems, and how these migrations influence the
distribution of adult fish.

To investigate and compare the drift between Otta and Gudbrandsdalslagen rivers, drift traps
were made, and distributed over four stations at different depths in both rivers in 2014. The
traps was checked and the contents sorted every 24 hour period, with 12 hour sampling
periods at selected stations to explore potential diel patterns in the drift. The captures of
drifting larvae were modelled to investigate the influence of different environmental factors

and the results were compared between rivers.

Drift of grayling larvae was observed over a short time period of 12-13 days. The larvae
mainly drifted at night, deep in the water column. The sum of degree days (°D > 5° C) was
the environmental factor best explaining the drift of grayling larvae. There were between-river
differences in both the spatial distribution of the drift and observed growth in larvae during
the study period. Grayling larvae drifted through the whole study area in Otta, while drift only
was observed at the uppermost and lowest station in Lagen. The length of trapped grayling
larvae in Otta stayed the same during the study period, while growth was recorded in Lagen,
possibly due to the differences in distribution of nursery areas between the rivers.

The observations of drift made in this study are related to the early life history strategies of
the grayling in the river system. The grayling is adapted to ensure drift dispersal of larvae
from high velocity spawning sites to slow flowing nursery habitat. This can be hypothesized
to be an underlying factor in the motivation behind the potamodromous migration cycle of the
grayling in the river system. Hydropower development and loss of connectivity will arguably
influence the drift of larvae and the motivation behind migration of grayling, possibly
changing the selection from favoring migration towards stationary behavior.



1 Introduction

Migrations are “adaptive, long-distance movements that occur predictably in the life cycle of
a species” (Smith 1985). They are considered as an adaptation to increase growth, survival
and abundance of freshwater fishes (Northcote 1984). Migrations has been formed as a result
of separation between different seasonal habitats (i.e. spawning, feeding, nursery and /or
overwintering areas) (Northcote 1984), and is the main factor influencing the spatial
distribution of populations (Zitek et al. 2004). For migrations as an adaptation to evolve, the
cost of migration must be less than the benefit from using the separated habitats (Smith 1985).
Migrations are common among freshwater fish species, but varies greatly in distance, timing
and the proportion of the populations migrating (Pavlov et al. 2008). Rivers are characterized
by their major driving force, the downstream flow of water. It defines, manipulates and forms
the dynamics within the lotic ecosystems (Allan & Castillo 2007) and influences the evolution
of life history strategies for riverine fish species (Winemiller 1989). Hence, fish migration
behavior is commonly influenced by “its relation to the system of water currents in the arca
occupied by that population” (Pavlov 1994). The variation in flow is hypothesized to be the
driving force behind reproductive strategies for fish in lotic communities (Humphries et al.
2002). Migrations in general, and especially drift of fry, can potentially reduce the effect of
environmental variance on the reproductive success (Leggett 1985). The active use of water
currents to assist drift of fish fry might be adaptive for many species of fish (Smith 1985). The
downstream transport of larvae from spawning areas to nursery areas can hypothetically be
described as an adaptation to the lotic environment, a mechanism that enables the fish fry to
exploit the most favorable habitat (Pavliov 1994). It is now understood that larval behavior has
a significant impact on the dispersal for many riverine fish species (Brown & Armstrong
1985; Pavlov 1994), and drift of young fish is assumed to be important to transport young fish
from spawning sites to nursery areas (Bunn & Arthington 2002; Sonny et al. 2006). There is
little knowledge about the life-history dynamics of freshwater migrating (potamodromy) fish
species, especially when it comes to migrations and what these migrations mean both on an
individual and a population level (Mallen-Cooper 2000). Little is known about the factors,
both abiotic and biotic, influencing the displacement of fish larvae (Pavlov et al. 2008) and
the motivation behind this downstream transport of larval fish is largely unknown (Pavlov
1994; Humphries et al. 2002).



Several terms have been used to describe early downstream migration of fish. Some authors
use the term downstream migration, while others use drift or downstream displacement.
Pavlov et al. (2008) defines downstream movements of young fish as migration when the fry
actively enters the stream flow as means of downstream transport. When there is no evidence
for active behavior, Pavlov et al. (2008) uses the term passive migration, or just drift. Whereas
it earlier was assumed that the drift of riverine fish fry was a passive displacement and a direct
consequence of rapid or turbulent water flows, the acknowledgement that fry can actively
regulate their position is growing (Reichard et al. 2004; Pavlov et al. 2008). Fish fry does not
only regulate their positions while drifting. An increasing amount of literature suggests fish
fry of many species to actively enter flow zones as a mean of dispersal (Pavlov 1994),
supporting the hypothesis that drift is an distributional mechanism for fish. One can argue that
the separation between downstream migration and drift seems unnecessary since the fry is
transported downstream to new habitat regardless of whether they are forced by currents or
actively choose to enter the flow as means of dispersal. To describe drift in general terms, the
definition; “downstream transport of aquatic organisms in the current” (Brittain & Eikeland
1988) seems sensible, no matter if there is an active component or the organisms simply drift

passive.

We have a better understanding of the motivation behind drift for invertebrates than fish fry.
Miiller (1954) documented the importance of drift on benthic invertebrate densities. There are
support for drift of invertebrates being a behavioral mechanism rather than accidental events
(Muller 1974). As for fish, young invertebrates have a larger propensity to drift than adults.
This is explained as a dispersal mechanism, and is a part of a “colonization cycle” (Mller
1954, Brittain & Eikeland 1988), similar to the “migration cycle” known for several fish
species (Pavlov 1994). In the “colonization cycle” the downstream drift of young individuals
is followed by a compensatory upstream migration by adults, termed positive rheotaxis, and it
is interpreted as an adaptation to the lotic environment (Brittain & Eikeland 1988). The drift is
considered as a regulation mechanism influencing the abundance of young invertebrates in
both upstream and downstream sections of rivers (Muller 1954). In sub-optimal habitats
invertebrates can drift from less suited habitat conditions and colonize new, more favorable
areas downstream (Brittain & Eikeland 1988).



The duration of the drift of fish larvae can vary greatly with hydrological and geological
conditions, even between rivers close to each other. Longer drift periods are observed in
rivers with slow flowing, shallow zones compared with rivers dominated by high current
velocities and with less refuges (Pavlov 1994). The duration of the first drift period for the
riverine salmonid European grayling (Thymallus thymallus, hereafter just “grayling”) is
limited to a few days, when the fry leave the spawning grounds and settle in a first-feeding
habitat, though there are between-river variations depending on the amount and location of
suitable first-feeding habitats (Scott 1985; Bardonnet & Gaudin 1990b; Bardonnet et al. 1991,
Grimardias et al. 2012).

Though drift dynamics differ between species (Sonny et al. 2006), a general pattern observed
in drifting fish is that larvae of most species drift during dusk or dawn (Gale & Mohr 1978;
Brown & Armstrong 1985; Reichard et al. 2001; Reichard et al. 2002b; Sonny et al. 2006) or
more general during nighttime (Gustafson-Marjanen & Dowse 1983; Jurajda 1998; Reichard
et al. 2001). What we know from earlier studies in southern Europe is that grayling has a
diurnal emergence pattern, and they mostly drift during night (Bardonnet & Gaudin 1990b;
Bardonnet et al. 1993). The longer days and lighter nights in Norway compared with the
earlier studied rivers in southern Europe could influence the diel pattern of the grayling drift.

The longitudinal distribution patterns of fish fry depend both on the spatial distribution of
spawning grounds in the river and dispersal of the fry (Robinson et al. 1998). Distribution of
drifting larvae is hypothesized to be mainly governed by hydraulics and current velocities
(Harvey 1987; Harvey 1991; Pavlov et al. 2008). For grayling fry, who emerges in a habitat
with high water velocities not suited as first feeding habitat (Bardonnet et al. 1991; Sagnes et
al. 1997; Nykéanen & Huusko 2003; Nykanen 2004), the drift carries the fry downstream to
more suited river sections. The preferred habitat is shallow, slow flowing zones close to the
river bank (Scott 1985; Bardonnet et al. 1991; Nykanen 2004; Grimardias et al. 2012). The
drift distances can be both long and short, depending on the distribution of pools and slow

flowing sections in the river.
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Different fish species show different vertical and horizontal distributions in the water column
during drift, implying hydraulics is not the only factor affecting distribution of drifting larvae
(Pavlov 1994). It seems that the spatial patterns observed in drifting fish fry depends on both
hydraulics and biological factors (Pavlov 1994). Grayling fry have been observed in the upper
part of the water column (Scott 1985; Bardonnet et al. 1991), which is similar to observations
of cyprinid fry (Brown & Armstrong 1985; Pavlov 1994; Jurajda 1998; Reichard et al. 2004),
but uncommon in other salmonids (Bardonnet et al. 1991).

The effect off different factors on drift, both abiotic and biotic are still poorly understood
(Pavlov et al. 2008). An increase in discharge usually promotes the drift of fish fry (Harvey
1987; Pavlov 1994; Reichard et al. 2001). Pavlov et al. (2008) argues that the main factors
influencing the distribution of drifting fry is hydro-physical and that the most important factor
is current velocity, but the effect of discharge and water velocity seems to be dependent on the
timing in relation to spawning and emergence (Harvey 1987). The effect of discharge varies
between studies, where some studies show a positive effect (Reichard et al. 2001), other
studies find no correlation (Robinson et al. 1998; Reichard et al. 2002b; Reichard & Jurajda
2004; Sonny et al. 2006). The role of water transparency on the diel drift pattern varies among
studies (Pavlov 1994; Jurajda 1998; Reichard et al. 2001; Sonny et al. 2006). Drift of
especially cyprinid fishes is found to peak under increasing temperatures (Sonny et al. 2006).
Which factors that affect the temporal and spatial distribution of drifting grayling fry is still
unknown. There are indications that light and discharge have an effect, but this varies
between studies (Grimardias et al. 2012).

River regulation and the construction of hydropower dams has a negative impact on larval
fish distribution (Scheidegger & Bain 1995). Regulation alters the flow regime and impacts
the shallow habitats used as nursing habitat for many fish species. For migrating fish species
connectivity between habitats is lost and migrations obstructed. The change from fluvial river
habitat to a laminate reservoir flow will likely affect drifting fish fry, impairing the dispersal
of fish larvae to nursery habitats. The reduced water flow can change the selection towards

less migratory genotypes by reducing the benefits of migration (Junge et al. 2014).
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The knowledge we have on drift of fish fry is mainly based on observations from slow-
flowing river systems dominated by cyprinids and percids (Gale & Mohr 1978; Pavlov 1994;
Reichard et al. 2001; Oesmann 2003; Reichard et al. 2004, Zitek et al. 2004; Pavlov et al.
2008) and in faster flowing rivers mostly salmonids, especially brown trout (Salmo trutta)
(Elliott 1976; Elliott 1987; Bardonnet 1993; Bardonnet et al. 1993; Daufresne et al. 2005) and
some studies on grayling (Bardonnet & Gaudin 1990b; Bardonnet & Gaudin 1990a;
Bardonnet & Gaudin 1991; Bardonnet et al. 1991; Grimardias et al. 2012). The few larger
rivers studied are mostly slow-flowing, species-rich rivers in Middle and Eastern Europe
(Pavlov 1994; Jurajda 1998; Reichard et al. 2001; Oesmann 2003), although examples from
American (Gale & Mohr 1978) and Nordic rivers exist (Naesje et al. 1986; Nykanen et al.
2001). The lack of studies in larger rivers is likely due to the challenges with sampling
methods and general study design in large, fast-flowing river systems (Gale & Mohr 1978;
Faulkner & Copp 2001; De Leeuw et al. 2007; Tomanova et al. 2013). Studies of such
systems are still important, as results are not necessarily transferable between small and large
river systems. The observations made of grayling larvae drift are mostly from laboratory
experiments, experimental channels, or conducted in small rivers with low annual discharges.
We know little about the dynamics and factors influencing the drift of grayling in larger river

systems.

In this master thesis, | have studied drift of grayling fry in two neighboring, large Norwegian
inland rivers. The significance of drift of grayling fry is poorly understood in Norwegian river
systems, and to my knowledge there are no published studies on grayling drift from large-
scale systems similar to the rivers investigated in my study. The study was designed to answer

the following questions:

e Do grayling fry drift in Otta and Gudbrandsdalslagen rivers? if so;
e Are there any spatial and/or temporal patterns in the drift?
e What environmental factors influence the drift?

e Are there between-river differences in the drift patterns?
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2 Study system

The study area has a large spatial scale, which is confined by upstream migration barriers in
both rivers and a downstream confluence between the two rivers. The two rivers differ
greatly. One is a high-gradient, fast-flowing river and the other a low-gradient, slow-flowing
river. The study was conducted in the Otta and Gudbrandsdalslagen rivers located in Oppland
County in Norway (Figure 1). The Gudbrandsdalslagen river (hereafter Lagen) is one of the
largest rivers in southeastern Norway. It runs from Lake Lesjaskogsvatn to Lake Mjgsa,
covering a catchment area of 11 567 km?. Our study area included the 20 km river section
from the rapids and waterfalls in Rosten, which is a natural upstream migration barrier
(Museth et al. 2009), to the confluence with the river Otta . This section of Lagen is a slow -
flowing, low- gradient river (average slope of -0.08m 100m™) (see @istad (2014)). The river
runs through Selsvollene, a large area with embankments used for agriculture. This used to be
a large floodplain before embankments were built and the river channelized (Thorsnas 2009).
The water velocity is relatively low, and the substrate dominated by sand and gravel. At the
town Otta, - the substrate in Lagen becomes coarser (i.e. more gravel and stones), and the
gradient and the water velocity higher than in the upstream section. At the hydrological
station in the Rosten waterfalls, the mean annual discharge is 32.7 m*/s (Oppland Energi
2009). The river is characterized by spring floods in May, June and July, fed by snowmelt in
high-altitude mountain areas. The traditional flood peak is in the end of May to early June,
with an average flood discharge of 311 m*/s and the highest recorded flood discharge in
Rosten of 627 m*/s (Drageset 2000). There are several known spawning sites for grayling in
Lagen within this study area (Museth et al. 2009). The largest is found at Fevollen/Grenet,

downstream the Rosten rapids, 13 km upstream the confluence with Otta river.

Otta river is the largest tributary to Lagen, and runs from Lake Djupvatnet in Mgre og
Romsdal County all the way to the town Otta (135 km) in Oppland County, where it meets
Lé&gen river (Store Norske Leksikon 2009). The catchment of Otta is 4150 km?, which is twice
the size of Lagens catchment upstream of the confluence (Museth et al. 2011). The river
system of Otta has several hydropower reservoirs before running through Eidefoss-
powerplant which has an annual mean discharge of 111 m®s (Museth et al. 2011). During
winter, the discharge in Otta is increased compared to its natural state due to release of water
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from the reservoirs. During spring and summer the discharge is reduced due to filling of the
reservoirs. Otta river is glacier fed, and the natural discharge increases rapidly due to
snowmelt and glacier runoff in June and July (Drageset 2000). The yearly floods occur in
June, July and August, with average peaks in the start of June and mid-July (Drageset 2000).
The average flood discharge in Otta is 650 m*/s, while the largest discharge measured during
floods is 1387 m*/s (Drageset 2000). Since Otta drains the high altitude mountain area
Jotunheimen, with glaciers, more snow and a later snowmelt than the mountain areas draining
to Lagen, the timing of floods in Otta may arrive both at the same time, and often after the
flood in Lagen (Drageset 2000). The study area in Otta River includes the 15 km river section
from the Eidefoss Dam to the confluence with Lagen River. The Eidefoss powerplant was
built utilizing a natural waterfall considered to be a natural migration barrier even before dam
construction (Huitfeldt-Kaas 1918). In this area, the largest known spawning area for grayling
is located just downstream the Eidefoss Dam, but there are several known spawning areas for
grayling further downstream (Museth et al. 2011). Otta River is a fast-flowing, high-gradient
river (Average slope -0,31 m per 100 m within this study area (Jistad 2014)). There are
several small rapids and deep pools and the substrate varies between rocks and boulders with

some gravel in some of the more slow flowing pools (Kraabgl et al. 2007).
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Figure 1: Study area and drift trapping stations in Otta and Gudbrandsdalslagen rivers, Oppland County, Norway.

The temperature difference between these rivers shifts several times a year. In spring and
autumn, Otta River is warmer than Lagen River, while it is colder during summer due to
snowmelt in the Jotunheimen mountain areas. Museth et al. (2011) recorded 2.2-4.1 °C higher
temperatures in Otta River than in Lagen River during September — November in 2008 and
2009. In April and May, the mean differences was 1.3-1.7 °C, with Otta River being the
warmer, most likely because of release of warmer water from the large hydropower

reservoirs.

2.1 The grayling

In the Otta and Lagen rivers, brown trout and grayling are the dominant fish species. The

present study includes grayling only. Compared with the strong population decrease of

15



grayling in many countries in Europe, due to habitat fragmentation, overfishing and pollution
(Northcote 1995), the grayling population in this study system is still very viable (Kraabgl et
al. 2007; Museth et al. 2011). The grayling is a freshwater fish in the salmonid family,
recognizable by its large dorsal fin (Pethon & Nystrgm 1985). It is mostly found in rivers, but
also inhabits some lakes (Pethon & Nystrgm 1985). The grayling is a spring spawner
(Jankovi¢ 1964; Bardonnet et al. 1993; Northcote 1995). Bardonnet and Gaudin (1991)
reported that the eggs hatch after 276-320 degree days, while d'Hulstere and Philippart (1982)
reported 177 degree days. However, there may be significant differences in development time
between populations (Haugen 2000a). The spawning period for grayling in the study area was
estimated to be between May 25 and June 15 in 2008 (Museth et al. 2009). In this system, the
grayling sexually mature at age 5 (Museth et al. 2009). The grayling has small eggs and a high
fecundity (Jankovi¢ 1964; Penaz 1975; Northcote 1995), though it is known to vary between
populations (Haugen 2000b). Grayling do not make redds as most other salmonids do, but the
female deposits her eggs a few cm under the gravel surface by pressing her genital opening,
with the aid of peduncle cross-over from the male, down into the substrate during spawning
(Fabricius & Gustafson 1955). The eggs are deposited in the gravel, becoming lodged in the
substrate (Northcote 1995). There they remain close to the surface of the substrate until
hatching (Fabricius & Gustafson 1955). The grayling spawn in shallow parts of running rivers
compared with other salmonids (Fabricius & Gustafson 1955), and the species also prefers
finer substrate on the spawning grounds than trout and salmon (Fabricius & Gustafson 1955;
Northcote 1995; Nykénen 2004).

After hatching, the grayling fry makes a downward movement into the substrate (d'Hulstere &
Philippart 1982). The fry spends several days in the substrate before emerging (Kratt & Smith
1977; d'Hulstere & Philippart 1982; Scott 1985; Bardonnet & Gaudin 1990a). Scott (1985)
reported a 4-5 days period between hatching and emergence. Kratt and Smith (1977) observed
3-4 days, while Bardonnet and Gaudin (1990a) observed a 7-8 days period. The grayling fry’s
photoreaction switches from negative to positive or neutral some days after hatching (Penaz
1975; Pavlov 1994), and thereafter they emerge from the gravel. While other salmonid species
fry seem to be photonegative (Woodhead 1957; Gustafson-Marjanen & Dowse 1983), light
seems to promote emergence in grayling fry (Bardonnet & Gaudin 1990a). From aquarium
studies it has been shown that grayling fry emergence peaks at the start and end of night

(Bardonnet & Gaudin 1991). Peaks, both during dusk and dawn, have also been documented
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under natural conditions (Bardonnet & Gaudin 1990b; Bardonnet et al. 1991; Grimardias et al.
2012). This differs from other salmonids which mainly are nocturnal (Gustafson-Marjanen &
Dowse 1983).

3 Materials and methods

To catch grayling fry, I mounted drift traps and checked them at least every 24h over a period
of 21 days. The study period lasted from June 17 to July 7 when glacier-fed flooding in Otta
made the handling of traps impossible. To study the difference between the high - gradient
Otta and the low - gradient Lagen, four stations with three traps each, were mounted in both
rivers (Figure 1). Station 1, the furthest upstream, was placed directly downstream of known
grayling spawning sites in both rivers, with known migration barriers right upstream. Stations
2 and 3 in both rivers were placed with relatively similar distances downstream from the first
station, with no known spawning sites in between. The fourth station in both rivers were
placed downstream of new spawning sites, close to the confluence between the two rivers, to
assess whether the fry reached the confluence and attempt to quantify the amount of fry

contributed by each river.

3.1 Drift trapping

To capture the drifting grayling fry, drift traps were made similar to those used by Bardonnet
et al. (1991) and Grimardias et al. (2012). The frames were made from a plastic pipe with
16cm diameter cut into short tubes. The net (1mm mesh size) was glued together and attached
to the frame, making a slightly conical shape with a length of 1m. Two holes were drilled into
the trap frames to allow it to slide onto rebar fitted into the riverbed substrate. Zip-ties were
used to regulate each traps vertical position on the bar in the river. Each bar held three traps.
The deepest trap rested on the riverbed, along the substrate, the second one was placed at a
mid-position relative to the water depth (approximately 25-50 cm depth) and the third just
below the surface (Figure 2). For security and practical reasons all stations were placed close
to the bank, and none mid-channel. From June 25 to July 4 some of the traps were checked

every 12 hours to investigate the diel pattern in the drift of fry (Figure 3). Every time the traps
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were checked, the content was flushed into a white bucket to ease the sorting of the contents.
The fry’s total length was measured, and then put on vials with 95 % alcohol (Figure 4).
Every trap was flushed with water and visually checked to make sure no fry was left behind,
before placing the traps back on the rebar in the river. Water velocity was measured directly
in front of each trap every 24 h with a pygmy water speed meter (AquaCount from JBS
Instruments). Because of differences in discharge through the study period, some of the traps

had to be adjusted in height, and some had to be moved (the furthest approximately 15 m
from its original position).

Figure 2: One station with 3 drift traps in use in Lagen June 17- July 7 2014. Photo: Casper van Leeuwen.

18



Figure 3: Checking the traps at station 2 in Otta. Photo: Casper van Leeuwen.

Figure 4: a) Grayling fry captured by drift trapping in Otta July 2014. Photo: Casper van Leeuwen. b) Slightly more
developed grayling fry, captured late in the study period in Lagen 2014. Photo: Casper van Leeuwen.

In Otta, the station furthest upstream (Otta 1) was placed directly downstream of the Eidefoss
Dam. Station 2 in Otta (Otta 2) was placed 3.3 km further downstream at Tolstadskridu.
Station 3 (Otta 3) was located 2.7 km downstream of station 2, near Veggem. Station 4 (Otta
4) was located 9.2 km downstream of station 3, just downstream of the confluence. This was
possible because Otta and Lagen do not mix until several hundred meters downstream of the

confluence. In Lagen, the station furthest upstream (Lagen 1) was placed at Grenet, directly
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downstream from a known spawning site for grayling. The second station (Lagen 2) was
along Selsvollene, 2 km downstream from Lagen 1. The third station in Lagen (Lagen 3) was
placed 5.9 km downstream from Lagen 2, just upstream of Bombrua. The fourth station in
Lagen (Lagen 4) was placed 4.2 km downstream of Lagen 3, under the bridge in the town

Otta, near the confluence with River Otta.

The initial setup included four stations in each river, with a total of 24 traps. This setup was
adjusted during the study period (Table 3). After the first day with catches of drifting fry, two
more rebars with a total of 6 traps was supplemented to station 1 in Otta on June 26 (Lagen
1.2 and Lagen 1.3). These traps were also checked every 6 hours until June 30 to investigate
possible diel patterns in the drift. On June 30, the two extra rebars with a total of 6 traps were
moved to station 1 in Lagen, to get more data on the diel pattern of the drift. At this time there
were low catches in station 1 in Otta and better catches in Lagen 1. The traps at this station
were checked every 12 hour to differentiate between daytime and nighttime drift. After
checking the traps in station 2 and 3 in Lagen and station 1 and 3 in Otta on July 2, the traps
were moved and the 4 rebars with a total of 12 traps were supplemented to station 2 in Otta.
The intention was to move the traps to stations where | captured more fry, to increase the
amount of data on fry length, drift depth, diel drift patterns and the duration of the drift
period. The trapping ended before the fry ceased to drift, when a glacier-fed flood made

handling of traps impossible.

3.1.1 Pilot study

In 2013, a pilot-study with a simpler sampling design was conducted. Two stations were made
in each river. One downstream of a spawning area and one near the confluence in both rivers.
In Otta, the upstream station was placed at Tolstadskridu (station Otta2 in 2014) and the
downstream station just below the confluence (Otta4 in 2014) (Figure 1). In Lagen, the
upstream station was placed at Grenet, just upstream of station Lagen1 in 2014. The
downstream station in Lagen was placed near the confluence between the rivers, close to the
station Lagen 4 in 2014 (Figure 1). Two traps were mounted at each station (a total of 8 traps)
with zip-ties attaching them to rebar fitted into the substrate. The traps were checked daily

from June 13 to July 13, and the grayling larvae counted. A flood during June 22 — 24 washed
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away some of the traps and made it impossible to check some of the stations. Drift traps were

moved between stations to replace lost traps.

3.1.2 Temperature and discharge

Daily temperature data and daily averages of discharge from monitoring stations just
upstream of Eidefoss (Station No. 2.25.0.1001.0 Lalm and Station No. 2.674.0.1003.3 Otta
v/Eidefoss kraftstasjon), Rosten (Station No. 2.614.0.1001.0 Rosten) and a station in Lagen
just upstream of the confluence with Otta (Station No. 2.653.0.1003.3 Lagen ovf. Otta) was

provided by the Norwegian Water Resources and Energy Directorate.

3.2 Data analyses

3.2.1 Environmental factors influencing drift

In order to model the influence of external environmental factors (water temperature,
discharge, water velocity), time and drift distances on trap catches a zero-inflated Poisson
(ZIP) modelling approach was used (Lambert 1992; Zuur et al. 2012). ZIP models explicitly
model factors affecting zero-observations as a probability process (i.e., logit-linked
generalized linear models, GLM) and non-zero observations as a Poisson process (i.e., log-
linked GLM). Hence, ZIP models include two submodels where the count data are made
conditional on the probability of not observing zero values. Other potential modelling
approaches, such as negative binomial and ordinary Poisson models were compared to the
ZIP alternative, all fitted with a rivertime? prediction structure, performing Vuong tests
(Vuong 1989). The ZIP approach always came out as superior in these tests (p<0.0001). The
applied ZIP approach produced the following likelihood function (i.e., the likelihood of a

single observation):

I(yIx,z,B,y) = P(z’v)I(y=0) + {1-P(z’y) }(yIx’B)

, Where z represents the vector of zero-observation covariates and y the corresponding
coefficients; x is the count covariate vector and the Bs the corresponding coefficients. P
represents the cumulative distribution function fitted to specify the y>0 outcome and f is the

probability mass function corresponding to the count model (here the Poisson distribution).
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In order to separate true drifting dynamics from dependencies arising from the spatial- and
repeated measurement structure embedded in the sampling design | included random factors
in the Poisson part of the model. The random factors reflected the sampling design where trap
ID was nested under station, which again was nested under river. The same random effect
model structure was used in all models. As the resulting mixed effects ZIP modelling
approach is not included in the most used ZIP-packages in R, a recently developed script
developed by Ben Bolker, named ZIPme (downloadable from:

https://groups.nceas.ucsh.edu/non-linear-modeling/projects/owls/R/owls R funs.R), was

used.

Model selection was undertaken by using Akaike’s Information Criterion (AIC) and after
finding the most supported predictor variables to include in the model, backwards selection
was undertaken to find the detailed models structure (sensu Zuur et al. (2009)). Motivated by
recommendations in the mark-recapture modelling literature (e.g., Lebreton et al. (1992)),
model selection was performed in two steps where the capture process, which was considered
to be reflected by the zero-inflation model, was modeled prior to the count data modelling.
The most supported zero-inflation model structure was sought by fitting candidate models
under a fully factorial time-by-river count model part (and the mentioned random effects
model structure). The time effect was here modelled as a second-degree polynomial in order
to allow for a catch peak during the course of the drifting period. After establishing the most
supported zero-inflation model structure, the previously described model selection route was
followed for the Poisson model part.

3.2.2 Drift distances

Predicted drift distances from emerging grayling fry from each night “cohort” was estimated.
To estimate the drift distances | assumed only passive nighttime drift. Sunrise and sunset
times were calculated in R using the suncalc function in the RAtmosphere package. The times
for sunrise and sunset was assumed to be the same in the whole study area, using the
confluence between the rivers as a fixed position in the suncalc function. The cumulative
distance traveled by each nights “cohort” was calculated by the water velocity measured at the
nearest station. The measured water velocities (m/s) x 3.6 x night length (h) gave the drift

length in kilometers and was added up during the observed drift period to get cumulated drift
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distances. In cases of missing values for water velocity, a linear regression between water
velocity and discharge was used to estimate water velocity for stations where this relationship
was significant (p<0.05).

3.2.3 Betweenriver difference in fry size
The size of drifting fry was compared between rivers using ordinary least-square linear
models as available from the Im-procedure in R. This was done by fitting linear models,

testing river and day effects on total length of caught drifting grayling fry in Otta and Lagen.

4 Results

Drifting grayling fry were documented in both rivers. In the period June 17-24 no drifting
grayling fry were captured. June 25 was the first day with catches in Otta and July 6 the last.
In Lagen, June 27 was the first day with catches of grayling, while July 7 was the last (Figure
5). There was large variation in the number of caught fry both between rivers and stations
within each river. Most grayling fry were caught in Otta, with fry captured at all stations in
the river, particularly in the traps at station Otta 2. A peak in the drift in Otta was observed on
July 1, six days after the first drifting fry was recorded. In Lagen, grayling fry was caught at
the stations Lagen1 and Lagen4. No fry was captured in the slow flowing section along
Selsvollene (stations Lagen2 and Lagen3), but some grayling larvae were observed along the
banks. Although no clear peak in the drift was observed in Lagen, the maximum number of

grayling captured was on July 1, the same date as in Otta.
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Figure 5: Number of grayling fry captured by drift traps in the river Otta and L&gen June 17 — July 7 2014.

A diel pattern in the drift was observed, with the largest proportion of the drift occurring

during night (Figure 6). During the 12 hour sampling period, 20 fry were captured during

night sampling, while three fry were captured during daytime sampling. No fry was captured

during the six hour sampling period.
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Figure 6: Number of drifting grayling fry captured during daytime and nighttime trapping in Otta and Lagen June

27-July 7 2014.
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The total number of grayling fry captured in drift traps in both rivers was higher in the middle

and deeper parts of the water column than close to the surface (Figure 7).

Total number of fry captured
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O Otta
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los]

Figure 7: Total number of grayling captured by traps at different height in the water column. a) close to surface, b)
mid position relative to water depth and c) close to bottom substrate in the rivers Lagen and Otta June 25 — July 7
2014.

Using estimated night-drift distances the grayling larvae in Lagen was assumed to reach
known nursing areas downstream of the confluence with Otta within 3-4 days (Figure 8).
After 2-3 days with passive nighttime drift the grayling larvae in Otta is assumed to reach the

same nursery area (Figure 9).
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Figure 8: Cumulated drift distances of grayling fry emerging at different dates in River Lagen 2014. Dashed line
indicating distance to a known nursery area upstream of Bredebygden.
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The grayling fry caught during the study period in 2014 differed in size, with the smallest
being 14 mm, and the largest 21mm total length (Figure 10). The average size of drifting
grayling larvae was 16.0 £ 1.3 mm (SD). The largest larva was caught late in the study period
in Lagen. It had absorbed the yolk sack, and had more developed pigment and fins than the

smaller fry caught earlier in the study period.
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Figure 10: Length distribution of grayling fry captured in the rivers Otta and Lagen June 25 — July 7 2014.
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There was a significant interaction between the day number in the study period and river
effects on the observed length in the grayling fry (p<0.0001) (Table 1). While the fry in Otta

showed no clear development in length during the study period, the fry captured in Lagen

showed a significant increase in total length during the study period (Figure 11).

Table 1: Parameter estimates and corresponding ANOVA test statistics for the linear model testing river and day
effects on total length of caught drifting grayling fry in Otta and Gudbrandsdalslagen June 25- July 7 2014. Rzadj =

0.2653.

Parameter estimates

Estimat
e SE p
o 13.3488
Intercept [Lagen] 3 073466 < 2e-16
Day 0.38337 0.08300 1.77e-05
. 0.00078
River [Otta] 282681 0.80427 8
*Di -
Day*River[Otta] 0.44126 0.09741 2.45¢-05
ANOVA test
Effect df SS MSS F p
Day 1 6.082 6.0821 5.1169 0.02689
River 1 3.575 3.5754  3.0080 0.08739
Day*River 1 24.390 24.3899 20.5192 2.449e-05
Residuals 68 80.828 1.1886
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Figure 11: Predicted total length of grayling fry captured in drift traps in Gudbrandsdalslagen and Otta June 25- July
7 2014 with 95% confidence intervals (dashed lines). Predictions were estimated from the model provided in Table 1.

The discharge patterns were different between the years 2013 and 2014. In 2013, there was a
peak in the discharge in both Otta and Lagen 2-3 days before the grayling fry started drifting
(Figure 12). During the same period in 2014 discharge was declining (Figure 13). The water
discharge was lower in both rivers during the course of the drift in 2014 compared with 2013.
The number of grayling fry captured per trap day was higher in 2013 than 2014, while the
timing of the drift was the same in both years, with the first grayling caught in drift traps June
25 in 2014 and June 26 in 2013. The duration of the drift was also similar between the two
years, where drift was recorded over a period of 12 days in 2013 and 13 days in 2014.
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Figure 12: Number of grayling captured by drift traps, and daily discharge in the rivers Otta and Lagen, June 15-
July 13 2013.
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Table 2: AIC table for the ten most supported Zero- models in the ZIP-me models of grayling fry drift in Otta and
L&gen in 2014. For the selection process the count- model was fixed with the variables river*day® AAIC= deviation
relative to the most supported model. See appendix for complete model selection table (Table A2).

Zero-model AIC AAIC

River site + Height 329.4 0
River site 339.9 10.5
Height 341.2 11.8
Ln distance to spawning area 344.8 15.4
River 344.9 15.5
Standardized discharge 345.1 15.7
Water temperature 345.5 16.1
Distance to spawning area 345.5 16.1
Water velocity 345.5 16.1
Water velocity? 346.2 16.8

Table 3: AIC model selection table for the ten most supported count-models from the ZIP models of grayling fry drift

in Otta and L&gen in 2014. For the selection process, the most supported zero-model was used (River site + Height).
AAIC= deviation relative to the most supported model. See appendix for complete model selection table (Table A3).

Count-model AlC AAIC

Degree days®* River 324.9 0
River + day? 329.2 4.3
River * day? 329.4 45
Standardized discharge + day? 329.8 4.9
Day? 330.8 5.9
Water velocity? + day? 331.3 6.4
Water velocity + day? 332.3 7.3
Distance to spawning area + day? 332.7 7.8
Water velocity * day” 333.8 8.9
Degree days®* Standardized discharge 333.9 9.0
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Different environmental variables were modelled in order to see which factors could explain

the observed drift pattern in 2014. The second-degree polynomial of number of degree days

(over 5 °C) as a continuous variable and river as a factorial model best explained the observed

pattern in the drift.

Table 4: Parameter estimates for with fixed and random effects for the most supported ZIP-me model using river site
and height as variables for the zero- inflation model with degree days (°D) over 5°C and river as factors in the count
model. Modelling number of caught grayling fry per trap per day in Otta and Gudbrandsdalsldgen June 25 — July 7

2014.
Submodel Fixed/Random Effects/terms Estimate SE Z p
Zero-
inflation Fixed
Intercept [Lagenl] 6.1904 3.9667 1.561 0.11862
River site
[Lagen2] 6.9763 2.5909  2.693 0.00709
River site
[Lagen3] 6.9763 2.5909  2.693 0.00709
River site
[Lagen4] -6.9738 40166  -1.736 0.08252
River site [Ottal] 4.2034 0.7928  5.302 1.15e-07
River site [Otta2] -6.8030 3.9870  -1.706 0.08795
River site [Otta3] 4.3017 0.9764  4.406 1.05e-05
River site [Otta4d] 0.5014 0.8258  0.607 0.54373
Height [B] -8.6880 3.9942  -2.175 0.02962
Height [C] -8.4054 3.9889  -2.107 0.03510
Count Fixed
Intercept 5.27E+01 2.64E+01 -1.991 0.0464
Degree days 5.12E-01 2.67E-01 1.915 0.0555
Degree days -1.27E-03 6.73E-04 -1.889 0.0589
River[Otta] 9.53E+00 2.93E+01 -0.326 0.7445
Degree days[Otta] 2.00E-01 3.03E-01 0.66 0.5094
Degree
days?[Otta] -7.64E-04 7.87E-04 -0.972 0.3312
Random
Trap
ID:(Site:River) 6.77E-01 8.23E-01
Site:River 2.22E-09 4.72E-05
River 5.50E-10 2.34E-05
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The model best predicting the number of captured grayling larvae included the two variables
river and degree days over 5 °C, including a zero-model structure with river-site and height as
variables (Table 1&2). The best fitted model shows a difference in the number of degree days
(°D) before drift between the rivers in 2014 (Table 3). While the drift of grayling fry is
modelled to peak at 175°D in Otta, it peaks at 200°D in Lagen (Figure 14). It also shows the
predicted numbers of grayling caught at the different stations are generally higher in Otta than
in Lagen. While there is predicted drift over the whole river section in Otta, there is no

predicted drift in the slow flowing sections of Lagen (Figure 14).

In 2013, the drift in Otta peaked after 177.5 degree days (over 5 °C), while it peaked after
179.2 degree days in 2014. The drift in Lagen showed no peak in 2013, but the drifting
grayling larvae were caught between 143 and 166 degree days, while the drift in Lagen
peaked after 197.3 degree days in 2014 (Figure 14). The timing of the drift explained by
degree days stayed the same in Otta between 2013 and 2014 and there was large variation
between years in Lagen.
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Figure 14: Predicted number of grayling fry captured each day at each station by drift trapping with traps along the
substrate as an effect of degree days over 5 °C in the rivers Otta and Lagen. Predictions were estimated from the most
supported ZIPme-model provided in Table 4.
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5 Discussion

This study has documented drift of grayling fry in two large inland rivers in Norway. Both
spatial and temporal patterns in the drift were observed. The grayling fry drifted over a short
time period in June-July, deep in the water column and mainly at night, however, with
between-river differences in the spatial pattern of the drift, with fry in Otta drifting through

the whole river section while the drift was limited to the upper and lower reaches in Lagen.

5.1 Temporal patterns in drift of fry

Although drift trapping in 2014 ended before the drift ceased, the number of captured drifting
larvae was declining at the end of the study period, possibly indicating the drift period was
approaching its end. The observations from the pilot study in 2013 also showed a short drift
period, with catches over an 11- day period. The temporal pattern in drifting grayling fry
observed in this study is similar to observations in English, French and Swiss rivers (Scott
1985; Bardonnet et al. 1991; Grimardias et al. 2012), and confirms a short drift period of
grayling also in larger Nordic river systems. There are reports of longer drift periods of
grayling fry, but these are generally from rivers with low discharges and with nursery areas
close to the emergence site. Grimardias et al. (2012) captured drifting grayling fry from the
middle of April to the start of June. The abundances of drifting grayling larvae decreased after
the first week of sampling, although a longer drift period was observed. The studied river had
a low discharge (2.51 m%fs), possibly explaining the long drift period. The observed longevity
of the drift period could also be related to the large difference in altitude along these southern
rivers. The earlier spring and thus also spawning in southern Europe compared to northern
rivers can explain the earlier start of the drift period. A similar pattern, with a longer drift
period downstream a slow-flowing tributary with good nursery habitat was observed by
Bardonnet et al. (1991). Haddeland (2012) captured drifting grayling fry in a small, slow-
flowing tributary to Lesjaskogvatnet during a period of three weeks, with a clear peak in
number of captured fry July 9-10, illustrating the effect of flow on the duration of the drift
period in a northern river. All grayling fry emerged during a 10 day period in an experiment
in a tributary to the River Rhone in France (Bardonnet & Gaudin 1990b). Scott (1985)
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observed grayling emergence over a 10-12 day period in an English river, while Haugen
(2000a) observed a 3-5 day period of emergence in several populations in Norway. Although
grayling fry can rest at the gravel bed after emergence until nightfall in low current velocities,
they drift within a short period after emergence (Bardonnet & Gaudin 1990b; Grimardias et
al. 2012). A short emergence period will therefore likely lead to a short period of first
displacement of grayling fry (Pavlov 1994). The first drift of grayling fry from spawning
areas to the first feeding habitats seems to take place over a short time period, dependent on
variations in discharge and water velocity. This may be explained as an adaptation to
predation, where the total loss to predation on the population level is smaller when the
concentration of drifting larvae is high during a short drift period (Peterman & Gatto 1978;
Smith 1985).

The timing of the drift of grayling fry was remarkably similar in 2013 and 2014, despite a
large variation in the discharge before and during the drift period between the years. This may
demonstrate that the grayling fry must cope with widely different conditions after emergence
in different years. Though the timing of drift of grayling in this river system seems similar
between years, the timing in relation to floods will likely vary greatly between years, as |
observed in 2013 and 2014. In some years the grayling fry will emerge during floods and
other years during low-flow periods, possibly having a great influence on the longitudinal
distribution of drifting grayling larvae (Harvey 1987). This might be the reason behind the
dynamic use of the river system observed in adult grayling followed by telemetry in this river
system (Junge et al. 2014).

There are few studies investigating patterns of fish drift with durations over several years.
Abundance of drifting fry in other taxa is known to vary between years, likely due to
variations in spawning success (Sonny et al. 2006). In this study, the catches compared to
effort was higher in the pilot study in 2013 compared with the results from 2014 (41 larvae
captured in 3-6 traps in 2013 compared to 107 captured in 24 traps in 2014, Figure 11;12).
Further studies are needed to investigate variation in abundance of drifting larvae between
years due to the large variation in discharge in this study area, influencing the catchability and

the comparability of results between years.
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Similar to the most common temporal pattern in fry drift, not only for grayling fry, but also
other salmonids, cyprinids and percids (Gustafson-Marjanen & Dowse 1983; Bardonnet et al.
1993; Pavlov 1994; Reichard et al. 2002b; Oesmann 2003; Sonny et al. 2006), the grayling fry
in Otta and Lagen mainly drifted during nighttime. Bardonnet et al. (1991) observed mainly
nocturnal catches of drifting grayling fry in a small river in France. The diel pattern of the
grayling drift was bimodal, with peaks at dusk and dawn (Bardonnet et al. 1991). In my study,
the number of captures during the 12 h sampling interval only opened for separation between
night- and daytime drift, but confirms the earlier observed nighttime drift of grayling fry also

in large Nordic rivers.

The processes behind the observed nocturnal pattern in the drift of fish larvae have been
linked to light intensity in several fish taxa, such as cyprinids, percids, Sockeye and Atlantic
salmon (Gustafson-Marjanen & Dowse 1983; Fraser et al. 1994; Tabor et al. 1998; Reichard
et al. 2002a; Oesmann 2003). The most common explanations used for nighttime drift relates
to predation avoidance and loss of visual control (Pavlov 1994; Bardonnet 2001). The risk of
accidental drift can increase in the dark because of loss of “visual landmarks” (Bardonnet
1993). The importance of daytime drift is often negatively correlated with water transparency
and positively correlated with discharge, with the effect of discharge declining with improved
transparency (Reichard et al. 2001; Oesmann 2003). Although this varies between rivers, it
implies that the experienced light level by the larvae influences the propensity to drift. The
observed nighttime drift pattern could also be influenced by differences in the catchability of
the drift traps due to changes light intensity, with the grayling fry being able to control the
drift into traps by day, but not at night. Scott (1985) reported that grayling fry started feeding
before their yolk sacks were completely absorbed. The feeding pattern had peaks at dusk and
dawn, which coincides with the earlier observed peak in grayling larvae drift (Bardonnet &
Gaudin 1990b; Grimardias et al. 2012). One possible explanation of the diel variation in the
drift can therefore be that the larvae get accidentally carried away by the current while
feeding. However there is increasing evidence that the movement away from the emergence
sites is a behavioral choice rather than an accidental displacement, with light-levels acting as
cues rather than an explanation for the nightly drift patterns observed (Bardonnet et al. 1991;
Bardonnet et al. 1993; Reichard et al. 2002a).
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An adaptation to avoid predation could be another explanation for the nocturnal drift (Harvey
1991; Fraser et al. 1994). Although there is little information on predation of drifting fry,
Carter and Reader (2000) assumed the fish larvae drift when low light levels reduces the risk
of predation. Predation on sockeye salmon fry is observed to increase under periods of
increased light levels (Ginetz & Larkin 1976). Increased light intensity is also observed to
inhibit drift of Sockeye salmon fry, and the reduced migration is hypothesized to lead to
higher rate of predation of passive fry (Tabor et al. 1998). Grayling is observed to emerge
early in the morning, around sunrise (Bardonnet & Gaudin 1990a), but delay the drift until

nighttime, using the substrate as a refuge against the current (Bardonnet & Gaudin 1990b).

Allan and Russek (1985) recommended use of several replicate samples rather than series of
collections of 24 h samples for comparisons of drift densities between stream sections. In high
intensity periods, sampling with several replicates was attempted to get more data. The large
spatial scale of this study, the amount of stations and the distance between them meant
sampling with several replicates was too time-consuming and thus unfeasible to handle for

one man.

5.2 Spatial pattern

Most drifting grayling larvae were captured in the traps in the middle and at the bottom of the
water column. This pattern is different from what has been observed for grayling fry drift
before. Earlier studies of drifting grayling larvae have observed the larvae high in the water
column, close to the surface (Bardonnet et al. 1991). This is common for cyprinidae and
percidae who mainly drift close to the surface (Pavlov 1994; Oesmann 2003), but rare in other
salmonids who mainly occupy the deeper end of the water column (Campbell & Scott 1984;
Heggenes 1988). The high water transparency in Otta and Lagen might influence this pattern,
as the earlier studied rivers might be more turbid (Oesmann 2003). The main factors
influencing the position of drifting larvae in the water column are said to be hydro-physical
(Pavlov et al. 2008), and the horizontal distribution patterns of drifting larvae are mainly

determined by turbulence in the water flow (Pavlov et al. 2008). The pattern of grayling drift
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deep in the water column was still common for all stations in this study, and shows a clear
pattern in the vertical distribution. Control over vertical positioning in the drift has been
observed for salmonids in previous studies, with Elliott (1987) reporting that trout fry appear
to drift passively downstream at night and then return to the river substrate during daytime,
indicating some manner of control on the vertical position during drift. The preference for
deeper parts of the water column can be a mechanism for the larvae to control their drift,
allowing them to settle in the river substrate when exiting the drift (Elliott 1987). The depth at
which it was possible to handle the traps was limited, confining the stations in this study to
shallow areas close to the river bank. The observed spatial pattern of drifting larvae might
therefore not be representative for the deeper mid-river sections. Sampling in these sections
are methodically challenging, so the drift trapping was confined to the areas close to the
riverbank, where fry of both cyprinids and salmonids are known to drift (Brown & Armstrong
1985; Reichard et al. 2004).

The distances traveled by the grayling larvae emerging each night showed a rapid downstream
displacement in both rivers (Figures 8&9). The estimations only accounted for passive
nighttime drift, although the results indicate an active factor in the drift of larvae. This active
factor is likely to influence each nights cumulated drift distances, with the fry drifting
downstream slower than the current velocity indicates (Naesje et al. 1986). The estimated
cumulated drift distances in this study shows the potential of drift as means of dispersal for
fish fry. The results were very similar for both rivers, although they clearly differ in gradient
and discharge. The little variation in measured water velocities between the rivers is likely
linked to the positioning of the drift trapping stations were water velocities was measured.
The drift trapping stations in the slow flowing parts of Lagen were positioned in areas with
higher water velocities than the rather slow flowing section along Selsvollene, possibly
overestimating the cumulated drift distances in Lagen. The use of drift traps is limited by a
minimum current velocity for the traps to function properly, and a maximum flow velocity to
avoid clogging of the traps. For the traps to function and have the possibility to catch larvae,

the stations were placed in sections with a higher flow.
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5.3 Environmental factors

The best model explaining the number of captured larvae included the environmental factors
degree days (°D) and river. Temperature-dependent time of drift has been observed before,
especially for larval cyprinids, who are known to drift after rapid increases in temperature
(Sonny et al. 2006). Bardonnet and Gaudin (1991) showed how emergence of grayling was
both temperature and light dependent in an artificial study system. Reichard et al. (2002b)
showed how the drift of fish fry in two lowland European rivers was dependent on
temperature rather than discharge, by influencing the timing of spawning. Jungwirth and
Winkler (1984) argues that the use of day degrees are “at least questionable” when it comes to
embryonic development of grayling because of the relationship between temperature and
duration of development. The model of degree-days and its interaction with the rivers will
therefore not necessarily be transferable to years with different water temperature patterns,
although it is the model best explaining the drift of grayling larvae in 2014. Temperature is
seldom found to have triggering effect on the drift of fish fry (Smith 1985; Naesje et al. 1986),
but can have an effect on the drift through influencing the timing of spawning and
development time from fertilization to emergence. The interaction between river and number
of degree days until peak of drift observed in 2014 may illustrate an adaptation to the

difference in temperature regime between the two rivers, as reported by Haugen (2000a)

While other studies have shown a relationship between daily discharge and number of drifting
fish larvae (Ottaway & Forrest 1983; Naesje et al. 1986; Reichard & Jurajda 2004; Sonny et
al. 2006), also for grayling (Grimardias et al. 2012), no such direct relationship was observed
in this study. Further studies are needed to assess the influence of environmental factors on
the drift of grayling larvae, but a purely descriptive assessment of the discharge patterns in
relation to the timing of the drift 2013 and 2014 (Figure 11; 12) indicate that the timing of
floods in relation to the emergence of grayling larvae can be important. Both as a cue for the
larvae to start drifting, like it is observed for cisco and whitefish (Naesje et al. 1986), and for
the spatial distribution of larvae. Harvey (1987) observed how the timing of floods can affect
fish communities in different ways, dependent on both size and abundance of fish larvae at

the time of the flood. A review of the drift literature shows there is a lot of factors possibly
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influencing the drift, often in combination, illustrating the challenges with studying these drift
systems (Heggenes 1988; Pavlov 1994; Zitek 2006).

5.4 Between-river differences

There was a difference in the longitudinal distribution of drifting grayling larvae between
rivers. Grayling larvae were captured at all stations in Otta. In Lagen grayling larvae were
only captured in the station Lagen1 directly downstream of the known spawning area and
station 4, near the confluence and downstream of another spawning area. The lack of grayling
captures in the more slow-flowing section along the stations Lagen 2 and Lagen 3 probably
reflects the low number of drifting larvae drifting past these stations. In the low-gradient
Lagen with little substrate heterogeneity and a laminar flow, grayling fry was observed
maneuvering around the traps and settling along the river banks a couple of days into the drift
period. It would be natural to interpret this as a sign that the first drift period was over, and
that the larvae had settled in their first feeding habitat. With this amount of control there were
no large drift dispersals, but presumably short, controlled downstream movements to new
habitats. Compared with the high gradient and turbulent Otta where no grayling larvae was
observed near the river banks, this illustrates the difference in drift patterns between the
rivers, leading to a between-river difference in longitudinal distribution of young grayling.
@istad (2014) observed that the upstream parts of the high-gradient Otta was almost
completely deserted by young grayling, and the abundance of young grayling increased in the
lower reaches. This was not the case in the low-gradient Lagen where he found yearlings
throughout the river, indicating less or shorter drift of grayling larvae. @istad (2014) observed
that the abundance of young grayling was associated with wide, slow-flowing river stretches
in this study system. The high gradient in Otta, along with high valley confinement was the
most important drivers of the distribution patterns observed in young grayling. This coincides
with the observations made in this study off the longitudinal distribution patterns of drifting
grayling larvae between the rivers and illustrates how the drift governs the spatial distribution
of year of young grayling in the river system. In this study, the estimation of drift distances
per night showed that most passive nighttime drifting grayling larvae in Otta would reach the
nursing areas downstream of the confluence (Museth et al. 2011) within 2-3 nights. Similar

estimates was made for grayling larvae drifting in Lagen, although observations of grayling
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larvae along the banks of Lagen in the study area indicated they do not drift to the same

nursing area as fry from Otta.

Grimardias et al. (2012) captured drifting grayling fry at two sites in a river in Switzerland.
One directly downstream of a spawning site and another further downstream. Almost all the
fry in the study was captured in the first site, leading to Grimardias et al. (2012) conclusion
that the fry only drifted short distances, not reaching the second site before settling in a first
feeding habitat, similar to the observations made of grayling larvae in Lagen. This differs
from the observations made by Bardonnet et al. (1991), who observed a total desertion from a
tributary with little nursery areas, similar conditions as observed in Otta, by drifting grayling
fry. The difference between the two rivers in this study and the ones in the earlier studies
illustrates the effect of varying river gradient, discharge patterns and distribution of first

feeding habitat on the spatial drift pattern of grayling larvae.

In this study, three traps at each station, one in each height class, was assumed to be
representative for the whole cross section of the river at each site. The different hydrological
conditions among stations could have influenced the catchability at each site (Oesmann 2003).
Differences in the general distribution patterns of drifting fish larvae can occur between
locations in rivers due to turbulence and water velocity gradients across a river section,
possibly redistributing the drifting larvae (Pavlov et al. 2008). This can explain some of the
experienced variation in catchability between stations, as indicated by the station effect

favored in the zero-inflation part of the ZIPme models (Table 4).

During the study period there was an increase in the total length of the captured grayling fry
in Lagen, but not in Otta. The difference between rivers can be related to the different
hydrological conditions, the main factor influencing the drift of fish fry according to Pavlov
(1994). The higher gradient, discharge and water velocity is likely to influence the drift of fry
(Naesje et al. 1986; Liebig et al. 1998; Grimardias et al. 2012), although no direct effect of
discharge or water velocity was observed on the number of captured grayling larvae in this
study. In higher water velocities with more turbulence the fry is more likely to get carried

away by the current at emergence (Bardonnet & Gaudin 1990b). This can explain why there
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was no increase in the length of captured grayling fry in Otta. All fry got carried away from
the emergence site and drifted downstream. The section of Lagen within the study area is
slow flowing, with a fine substrate riverbed. An explanation of the observed increase in length
of drifting fry in Lagen can be that the water speeds were sufficiently slow for the fry to
control its drift downstream by marginal displacements, like described by Grimardias et al.
(2012), and use the area as first-feeding habitat. The rapid growth in days following
emergence will leave the larvae able to control their movements in higher water velocities
(Scott 1985; Deegan et al. 2005). During the first weeks after emergence the grayling fry has
a rapid growth (Scott 1985; Bardonnet et al. 1991). Scott (1985) observed an increase in
grayling fry length over three weeks following first emergence in a river used as first feeding
habitat. This rapid growth is considered to be an adaptation for riverine fish fry, “allowing
them to exploit periods of good resource availability in a stochastic environment” (Schiemer
et al. 2002).

5.5 Driftas an adaptation in large migration systems

There are different theories about whether the drifting of grayling fry is passive or active. The
typical water velocities in grayling spawning areas are much higher than the swimming
capability of the grayling fry (Fabricius & Gustafson 1955; Scott 1985; Nyké&nen & Huusko
2002; Deegan et al. 2005), leading to the assumption that the fry is swept away with
emergence (Grimardias et al. 2012). If the grayling larvae drifts passively, the peak in drift at
night can be accidental and related to the loss of visual orientation (Pavliov 1994). If the
grayling larvae simply drifted passively, an effect of discharge or measured water velocities at
the different stations should be expected, but no such effect was observed. The clear pattern of
nocturnal drift, concentrated deep in the water column and the lack of influence by discharge
on the number of drifting larvae observed in this study is an indication that the larvae chooses
to enter the drift, and can manipulate its position, rather than getting passively carried away
with the current. Bardonnet and Gaudin (1990b) hypothesized the larvae could use the low

water velocity close to the substrate to control their dispersal.
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The behavioral nature of the drift observed in this study can be seen in light of the graylings
ecology. The grayling seems well adapted to ensure drift dispersal of emerging larvae, being a
spring spawner with emergence of larvae around the time of the floods, with high fecundity
(Haugen 2000b), small eggs, shallow burial of eggs and small larvae at emergence (Northcote
1995). These early downstream migrations of young fishes are generally followed by
upstream spawning migrations of adult fish (Pavlov 1994). Similar patterns are observed in
some families of invertebrates who drift downstream as young and has compensatory
upstream migrations as adults (Mdiller 1954; Miiller 1974; Brittain & Eikeland 1988;
Lancaster et al. 1996). A migration cycle allowing the drifting individuals to exploit the most
favorable nursery areas downstream of the spawning sites, maximizing the species production
potential in the river. Changes in discharge patterns and migration barriers influence the
benefit of migration in regulated rivers and therein the underlying forces of long range within-
of between- river migrations (Kraabgl & Nashoug 2010). The drift of grayling larvae might be
an adaptation to large variations in flow between years and a driving force behind the
migrations we observe of adult grayling, like its proposed for invertebrates (Brittain &
Eikeland 1988), and a keystone in the goal to preserve migrating fish populations in large

river systems.

The drift of larvae can also influence the area use of adult grayling in the study system. Adult
grayling in Otta and Lagen was mainly observed swimming upstream after tagging in a radio
telemetry study in both rivers (Museth et al. 2011). This can possibly be a life span migration,
where the grayling compensate for drift as young by upstream migrations as adults and sub-
adults. The drift of grayling fry from upstream spawning sites to common, slow flowing river
sections in the lower reaches of Otta and to nursing habitat downstream of the confluence can
be the reason behind the large home range sizes and complex migrations between both rivers
in the study area (Museth et al. 2011) and why no genetic differentiation is observed in the
grayling population in the study system, while differentiation is observed for the trout in the
same system (Junge et al. 2014). Studies of genetic structuring of grayling populations in river
systems illustrate how drift of fry ensures connectivity between tributaries and main stem
populations, with more genetic variability in lower reaches of river systems (Meldgaard et al.
2003).
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5.6 Management implications

The spatial and temporal distribution patterns of drifting fry in Otta and Lagen is interesting
and highly relevant for fish management, as construction has started of a power plant at
Rosten in Lagen, and the Norwegian Water Resources and Energy Directorate has
recommended a re-development of the Eidefoss dam in Otta with a 10 km long minimum
flow zone from Eidefoss through most of the study area in Otta. The grayling’s use of large
river systems through downstream migrations of larvae and upstream migrations for spawning
illustrates the dynamic use of the rivers through the year. Whether and how hydropower
developments may affect and change this dynamics is unknown. Diadromous and
potamodromous fishes with extensive migrations between spatially separated seasonal
habitats are generally sensitive to loss of connectivity due to regulation of rivers (Bunn &
Arthington 2002). This can, to some degree, be mitigated by an adaptive management of flow.
My observations of the spatial and temporal patterns of grayling larvae drift in Otta and Lagen

can be useful for fish management in relation to new hydropower dams.

While earlier studies on the effect of hydropower dams on grayling migrations mainly have
focused on the connectivity and spawning migrations of adult fish, little attention has been
given to the effect of the regulation reservoir itself (Pringle 1997). The introduction of
hydropower dams will likely affect the drifting grayling larvae by manipulating the water
flow upstream of the dam, with the transition from flow-governed river habitat to slow
reservoir flow. A transition from lotic to lentic habitat will likely end the drift of fry, not
necessarily because of a physical barrier like the dam, but because of the change to reservoir
flow (Copp et al. 1991). There is little knowledge about the use of reservoirs from riverine
fish species, but studies of arctic grayling (Thymallus arcticus) indicate that reservoirs can act
as barriers for grayling used to a lotic environment (Clarke et al. 2007). Increased predation
from adult fish in reservoirs, and the possibility of introduction of predator species better
adapted to reservoir flows, like pike (Esox lucius) and perch (Perca fluviatilis) can change the
dynamics in the system (Kubecka 1993). The reduced fitness of drifting larvae, which no
longer will drift to nursing areas, but to reservoirs, can change the selection from favoring

migration towards favoring stationary behavior (Junge et al. 2014).
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Downstream hydropower dams, a lower and more stable discharge will influence the drift of
grayling fry. The life-history strategies in riverine fish species has developed in response to
the natural flow regimes (Bunn & Arthington 2002). The fry depend on the water flow for
dispersal to nursing areas. The development of grayling larvae is temperature dependent, and
the number of degree days was the most important environmental factor influencing the drift
of grayling in 2014. In rivers with reduced discharge as a consequence of hydropower
regulation, the summer temperature often decreases while the winter temperature increases
(Kvambekk et al. 2006; Tvede 2006). The change in temperature will likely influence the
development period (Jungwirth & Winkler 1984) and thus the time of emergence and drift by
grayling larvae. In Lagen, the construction of the Rosten dam is expected to have little effect
on the temperature downstream, due to the run-off river regulation with a little reservoir
(Museth et al. 2009).

The re-development of the Eidefoss hydropower plant in Otta will likely have a more
pronounced effect on the drift of grayling larvae, both through changes in the temperature and
discharge, especially in the proposed minimum flow section. The spawning sites below the
Eidefoss dam is thought to be vital to preserve the long-range migration fraction of the
grayling in the study area (Museth et al. 2011). The spatial patterns of the drift shown in this
study indicates that the fry in Otta drift along the entire river section between the Eidefoss
dam and the confluence, while drifting larvae in Lagen has access to nursery habitat between
the spawning site and the confluence. This is supported by observations of young grayling
made by Qistad (2014) and (Museth et al. 2011). The loss of connectivity between spawning
sites and nursing areas through reduced drift in Otta will likely have a negative effect on the
observed migration cycle of grayling in the Otta/Lagen river system. In Lagen, where the
larvae use nursing habitats directly downstream of the largest spawning site at Grenet, no
clear effects of regulation on the longitudinal distribution by drift of larvae is expected. The
outlet from the dam at Rosten will be upstream of the known spawning grounds at Grenet,
thus keeping the water flow from the spawning grounds to the nursery habitat, although a
more stable flow with less daily variation must be expected (Museth et al. 2009). This will
likely influence drift by changing the discharge patterns from natural fluctuation in the flow to
artificial variations, possibly influencing cues for spawning, emergence and drift of grayling.
Having river flow speeds at hand for the new maneuvering regime will make it possible to

estimate drift-distance consequences under the new rules of operation.
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Maneuvering regimes with release of water from the Eidefoss dam during the emergence
period can aid the drift dispersal of grayling larvae from the spawning sites not laid dry in the
minimum flow zone below the dam to nursery areas. The drift will often occur at the time of
floods and the release of water to ensure drift of grayling should not be a problem most years.
The problem will be if emergence and floods are not synchronized, like I observed in 2014.
Then release of water is needed to maintain the drift of grayling larvae. The observed short
drift period of grayling larvae indicate that release of water from the dam over a period of two
weeks could be sufficient for the grayling larvae to drift to suitable habitat, although the
reduced discharge in the minimum flow zone likely will prolong the drift period needed to
reach suitable nursing habitat. A possible problem is to reliably predict the timing of the drift
and thus the release of water. The results from the pilot study in 2013 and the main study in
2014 shows a very similar timing between the years, although time of spawning is thought to
vary considerably (Museth et al. 2011). The main factor influencing the drift in 2014 was the
number of degree days over 5°C. The number of degree days to peak drift was very similar in
2013 and 2014 in Otta, but there was large variation between the years in Lagen. Further
monitoring of grayling drift over several years is needed to reliably predict the drift because
of the uncertainties linked to the use of day degrees when it comes to early development of
grayling (Jungwirth & Winkler 1984; Smith 1985), and between years variation in abundance
of drifting larvae.

6 Conclusion

There are both spatial and temporal patterns in the drift of grayling fry in Otta and Lagen. The
fry drifted over a short time period of 10-11 days, deep in the water column and mainly at
night. While the grayling fry drifted over the whole study area in Otta, fry in Lagen only
drifted short distances before settling in slow flowing nursing areas along Selsvollene. The
number of degree days was the environmental factor best explaining the abundance of drifting
grayling fry. The drift of grayling fry in Otta and Ldagen is hypothesized to be a driving force
behind the long range migrations and dynamic area use of both rivers observed in adult
grayling in the study area. The development of hydropower regulation in these large
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migration systems may affect the drift of grayling and be highly detrimental to the
conservation of long range migration as life history strategy. Further knowledge on the
environmental factors influencing drift of grayling larvae is needed for better management of
these systems, included use of environmental flows and release of water to aid the drift of

young fishes in regulated rivers.

47



7 Literature

Allan, J. D. & Russek, E. (1985). The quantification of stream drift. Canadian Journal of
Fisheries and Aquatic Sciences, 42 (2): 210-215.

Allan, J. D. & Castillo, M. M. (2007). Stream ecology: structure and function of running
waters: Springer Science & Business Media.

Bardonnet, A. & Gaudin, P. (1990a). Diel pattern of emergence in grayling (Thymallus
thymallus linnaeus, 1758). Canadian Journal of Zoology-Revue Canadienne De
Zoologie, 68 (3): 465-469.

Bardonnet, A. & Gaudin, P. (1990b). Diel pattern of first downstream postemergence
displacement in grayling, Thymallus thymallus (L, 1758). Journal of Fish Biology, 37
(4): 623-627.

Bardonnet, A. & Gaudin, P. (1991). Influence of daily variations of light and temperature on
the emergence rhythm of grayling fry (Thymallus thymallus). Canadian Journal of
Fisheries and Aquatic Sciences, 48 (7): 1176-1180.

Bardonnet, A., Gaudin, P. & Persat, H. (1991). Micorhabitats and diel downstream migration
of young grayling (Thymallus thymallus L.). Freshwater Biology, 26 (3): 365-376.

Bardonnet, A. (1993). Use of visual landmarks by young trout (Salmo trutta) during their diel
downstream post-emergence displacement in experimental channels. Journal of Fish
Biology, 43 (3): 375-384.

Bardonnet, A., Gaudin, P. & Thorpe, J. E. (1993). Diel rhythm of emergence and of 1st
displacement downstream downstream in trout (Salmo trutta), Atlantic Salmon (Salmo
salar) and grayling (Thymallus thymallus). Journal of Fish Biology, 43 (5): 755-762.

Bardonnet, A. (2001). Spawning in swift water currents: Implications for eggs and larvae.
Archiv fir Hydrobiologie. Supplementband. Large rivers, 12 (2-4): 271-291.

Brittain, J. E. & Eikeland, T. J. (1988). Invertebrate drift- A review. Hydrobiologia, 166 (1):
77-93.

Brown, A. V. & Armstrong, M. L. (1985). Propensity to drift downstream among various
species of fish. Journal of Freshwater Ecology, 3 (1): 3-17.

Bunn, S. E. & Arthington, A. H. (2002). Basic principles and ecological consequences of
altered flow regimes for aquatic biodiversity. Environmental Management, 30 (4):
492-507.

Campbell, R. N. B. & Scott, D. (1984). The determination of minimum discharge for 0+
brown trout (Salmo trutta L.) using a velocity response. New Zealand Journal of
Marine and Freshwater Research, 18 (1): 1-11.

Carter, K. L. & Reader, J. P. (2000). Patterns of drift and power station entrainment of 0+ fish
in the River Trent, England. Fisheries Management and Ecology, 7 (5): 447-464.

Clarke, A. D., Telmer, K. H. & Shrimpton, J. M. (2007). Habitat use and movement patterns
for a fluvial species, the Arctic grayling (Thymallus arcticus), in a watershed impacted
by a large reservoir: evidence from otolith microchemistry. Journal of Applied
Ecology, 44 (6): 1156-1165.

Copp, G. H., Oliver, J. M., Penaz, M. & Roux, A. L. (1991). Juvenile fishes as functional
describers of fluvial ecosystem dynamics: Applications on the river rhone, France.
Regulated Rivers: Research & Management, 6 (2): 135-145.

d'Hulstere, O. & Philippart, J. (1982). Observations sur le comportement d'éclosion et de post-
éclosion chez I'ombre commun (Thymallus thymallus (L.)). Cahiers d'Ethologie
appliquée, 2 (1): 63-80.

48



Daufresne, M., Capra, H. & Gaudin, P. (2005). Downstream displacement of post-emergent
brown trout (Salmo trutta): effects of development stage and water velocity. Journal
of Fish Biology, 67 (3): 599-614.

De Leeuw, J. J., Buijse, A. D., Haidvogl, G., Lapinska, M., Noble, R., Repecka, R., Virbickas,
T., Wisniewolski, W. & Wolter, C. (2007). Challenges in developing fish-based
ecological assessment methods for large floodplain rivers. Fisheries Management and
Ecology, 14 (6): 483-494.

Deegan, L. A., Golden, H. E., Harrison, J. & Kracko, K. (2005). Swimming performance and
metabolism of 0+ year Thymallus arcticus. Journal of Fish Biology, 67 (4): 910-918.

Drageset, T.-A. (2000). Flomberegning for Otta og Gudbrandsdalslagen: Norges vassdrags-
og energidirektorat.

Elliott, J. M. (1976). The downstream drifting of eggs of brown trout, Salmo trutta L. Journal
of Fish Biology, 9 (1): 45-50.

Elliott, J. M. (1987). The distances traveled by downstream-moving trout fry, Salmo trutta, in
a Lake District stream. Freshwater Biology, 17 (3): 491-499.

Fabricius, E. & Gustafson, K. J. (1955). Observations on the spawning behaviour of the
grayling. Thymallus thymallus. . Rep. Inst. Freshwater Res. Drottningholm. 75-103 pp.

Faulkner, H. & Copp, G. H. (2001). A model for accurate drift estimation in streams.
Freshwater Biology, 46 (6): 723-733.

Fraser, N. H. C., Huntingford, F. A. & Thorpe, J. E. (1994). The effect of light-intensity on
the nightly movements of juvenile atlantic salmon (Salmo salar) alevins away from
the redd. Journal of Fish Biology, 45: 143-150.

Gale, W. F. & Mohr, H. W. (1978). Larval fish drift in a large river with a comparison of
sampling methods. Transactions of the American Fisheries Society, 107 (1): 46-55.

Ginetz, R. M. & Larkin, P. A. (1976). Factors affecting rainbow trout (Salmo gairdneri)
predation on migrant fry of sockeye salmon (Oncorhynchus nerka). Journal of the
Fisheries Research Board of Canada, 33 (1): 19-24.

Grimardias, D., Faivre, L. & Cattaneo, F. (2012). Postemergence downstream movement of
European grayling (Thymallus thymallus L.) alevins and the effect of flow. Ecology of
Freshwater Fish, 21 (4): 495-498.

Gustafson-Marjanen, K. I. & Dowse, H. B. (1983). Seasonal and diel patterns of emergence
from the redd of atlantic salmon (Salmo salar) fry. Canadian Journal of Fisheries and
Aquatic Sciences, 40 (6): 813-817.

Haddeland, P. J. T. (2012). The breeding system of the European grayling (Thymallus
thymallus) — a genetic perspective. Oslo: University of Oslo, Department of biology.
42 pp.

Harvey, B. C. (1987). Susceptibility og young-of-the-year fishes to downstream displacement
by flooding. Transactions of the American Fisheries Society, 116 (6): 851-855.
Harvey, B. C. (1991). Interaction of abiotic and biotic factors influences larval fish survival in
an oklahoma stream. Canadian Journal of Fisheries and Aquatic Sciences, 48 (8):

1476-1480.

Haugen, T. O. (2000a). Early survival and growth in populations of grayling (Thymallus
thymallus) with recent common ancestors - field experiments. Journal of Fish Biology,
56 (5): 1173-1191.

Haugen, T. O. (2000b). Life-history evolution in grayling (Thymallus thymallus): evidence for
adaptive phenotypic divergence during 8-28 generations. Oslo: Unipub. 146 s. ill. pp.

Heggenes, J. (1988). Effects of short-term flow fluctuations on displacement of, and habitat
use by, brown trout (Salmo trutta) in a small stream. Transactions of the American
Fisheries Society, 117 (4): 336-344.

49



Huitfeldt-Kaas, H. (1918). Ferkvandsfiskenes utbredelse og indvandring i Norge med et tillaeg
om krebsen. Kristiania: Centraltrykkeriet.

Humphries, P., Serafini, L. G. & King, A. J. (2002). River regulation and fish larvae: variation
through space and time. Freshwater Biology, 47 (7): 1307-1331.

Jankovi¢, D. (1964). Synopsis of biological data on European grayling, Thymallus thymallus
(Linnaeus) 1758. Rome: Fisheries Division, Biology Branch, Food and Agriculture
Organization of the United Nations.

Junge, C., Museth, J., Hindar, K., Kraabol, M. & Vollestad, L. A. (2014). Assessing the
consequences of habitat fragmentation for two migratory salmonid fishes. Aquatic
Conservation-Marine and Freshwater Ecosystems, 24 (3): 297-311.

Jungwirth, M. & Winkler, H. (1984). The temperature dependance of embryonic development
of grayling (Thymallus thymallus), Danube salmon (Hucho hucho), Arctic char
(Salvelinus alpinus) and Brown trout (Salmo trutta). Aquaculture, 38 (4): 315-327.

Jurajda, P. (1998). Drift of larval and juvenile fishes, especially Rhodeus sericeus and Rutilus
rutilus, in the river Morava (Danube basin). Archiv Fur Hydrobiologie, 141 (2): 231-
241.

Kraabgl, M., Museth, J. & Johnsen, S. I. (2007). Rosten kraftverk i Gudbrandsdalslagen:
Vurdering av kunnskapsstatus og konsekvenser for fisk. NINA Rapport, 322.
Lillehammer: NINA. 26 pp.

Kraabgl, M. & Nashoug, O. (2010). Fiskevandringer forbi kraftverk og dammer i Rena og
Glomma. NINA Rapport. Lillehammer: Norsk institutt for naturforskning. 47 pp.

Kratt, L. F. & Smith, R. J. F. (1977). A post-hatching sub-gravel stage in the life history of the
Arctic grayling, Thymallus arcticus. Transactions of the American Fisheries Society,
106 (3): 241-243.

Kubecka, J. (1993). Succession of fish communities in reservoirs of Central and Eastern
Europe. In Straskraba, M., Tundisi, J. G. & Duncan, A. (eds) Developments in
Hydrobiology, vol. 77 Comparative Reservoir Limnology and Water Quality
Management, pp. 153-168: Springer Netherlands.

Kvambekk, A., Melvold, K. & Berthling, . (2006). Temperaturforhold i elver ved redusert
vannfgring. NVE Rapport Miljgbasert Vannfgring. Oslo: NVE.

Lambert, D. (1992). Zero-inflated poisson regression, with an application to defects in
manufacturing. Technometrics, 34: 1-14.

Lancaster, J., Hildrew, A. G. & Gjerlov, C. (1996). Invertebrate drift and longitudinal
transport processes in streams. Canadian Journal of Fisheries and Aquatic Sciences,
53 (3): 572-582.

Lebreton, J. D., Burnham, K. P., Clobert, J. & Anderson, D. R. (1992). Modeling survival and
testing biological hypotheses using marked animals - a unified approach with case-
studies. Ecological Monographs, 62: 67-118.

Leggett, W. C. (1985). The role of migrations in the life history evolution of fish.
Contributions in Marine Science. 1985.

Liebig, H., Lim, P. & Belaud, A. (1998). Influence of basic flow and hydropeaking duration
on the drift of post-emergent fry of brown trout (Salmo trutta): Experiments on a semi-
natural stream. Bulletin Francais De La Peche Et De La Pisciculture (350-51): 337-
347.

Mallen-Cooper, M. (2000). Taking the mystery out of migration. DA, Smith, DC, Koen, JD
editors. Fish movement and Migration, Australian Society for Fish Biology Workshop
Proceedings. Hancock Bendigo, Victoria. 101-111 pp.

Meldgaard, T., Nielsen, E. E. & Loeschcke, V. (2003). Fragmentation by weirs in a riverine
system: A study of genetic variation in time and space among populations of European

50



grayling (Thymallus thymallus) in a Danish river system. Conservation Genetics, 4
(6): 735-747.

Museth, J., Kraabgl, M., Arnekleiv, J. V., Johnsen, S. I. & Teigen, J. (2009). Planlagt
kraftverk i Rosten i Gudbrandsdalslagen. Utredning av konsekvenser for harr, grret og
bunndyr i influensomradet. NINA rapport. Lillehammer: Norsk Institutt for
Naturforskning. 60 pp.

Museth, J., Kraabgl, M., Johnsen, S., Arnekleiv, J. V., Kjeerstad, G., Teigen, J. & Aas, @.
(2011). Nedre Otta kraftverk: Utredning av konsekvenser for harr, grret og bunndyr i
influensomradet. NINA rapport Norsk Institutt for Naturforskning. 92 pp.

Miller, K. (1954). Investigations on the organic drift in North Swedish streams. Rept Inst
Freshwater res Drottningholm, 35: 133-148.

Miiller, K. (1974). Stream drift as a chronobiological phenomenon in running water
ecosystems. Annual review of ecology and systematics: 309-323.

Naesje, T. F., Jonsson, B. & Sandlund, O. T. (1986). Drift of Cisco (Coregonus albula) and
Whitefish (C. larvaretus) larvae in a norwegian river. Transactions of the American
Fisheries Society, 115 (1): 89-93.

Northcote, T. G. (1984). Mechanisms of fish migration in rivers. In Mechanisms of migration
in fishes, pp. 317-355: Springer.

Northcote, T. G. (1995). Comparative biology and management of Arctic and European
grayling (Salmonidae, Thymallus). Reviews in Fish Biology and Fisheries, 5 (2): 141-
194.

Nykénen, M., Huusko, A. & Maki-Petdys, A. (2001). Seasonal changes in the habitat use and
movements of adult European grayling (Thymallus thymallus) in a large subarctic
river. Journal of Fish Biology, 58 (2): 506-519.

Nykanen, M. & Huusko, A. (2002). Suitability criteria for spawning habitat of riverine
European grayling (Thymallus thymallus). Journal of Fish Biology, 60 (5): 1351-1354.

Nykénen, M. & Huusko, A. (2003). Size-related changes in habitat selection by larval
grayling (Thymallus thymallus L.). Ecology of Freshwater Fish, 12 (2): 127-133.

Nykanen, M. (2004). Habitat selection by riverine grayling, Thymallus thymallus L:
University of Jyvaskyla.

Oesmann, S. (2003). Vertical, lateral and diurnal drift patterns of fish larvae in a large
lowland river, the Elbe. Journal of Applied Ichthyology, 19 (5): 284-293.

Oppland Energi. (2009). Rosten kraftverk. Konsesjonssgknad med Konsekvensutredning. .
Oslo: Oppland Energi AS.

Ottaway, E. M. & Forrest, D. R. (1983). The influence of water velocity on the downstream
movement of alevins and fry of brown trout, Salmo trutta. Journal of Fish Biology, 23
(2): 221-227.

Pavlov, D. S. (1994). The downstream migration of young fishes in rivers - Mechanisms and
distribution. Folia Zoologica, 43 (3): 193-208.

Pavlov, D. S., Mikheev, V. N., Lupandin, A. I. & Skorobogatov, M. A. (2008). Ecological
and behavioural influences on juvenile fish migrations in regulated rivers: a review of
experimental and field studies. Hydrobiologia, 609: 125-138.

Penaz, M. (1975). Early development of the grayling Thymallus thymallus (Linnaeus, 1758).
Acta Sc. Nat. Brno, 9 (11): 1-35.

Peterman, R. M. & Gatto, M. (1978). Estimation of functional responses of predators on
juvenile salmon. Journal of the Fisheries Research Board of Canada, 35 (6): 797-808.

Pethon, P. & Nystrgm, B. O. (1985). Aschehougs store fiskebok: alle norske fisker i farger:
Aschehoug.

Pringle, C. M. (1997). Exploring how disturbance is transmitted upstream: Going against the
flow. Journal of the North American Benthological Society, 16 (2): 425-438.

o1



Reichard, M., Jurajda, P. & Vaclavik, R. (2001). Drift of larval and juvenile fishes: a
comparison between small and large lowland rivers. Archiv fir Hydrobiologie (Large
Rivers), 12: 373-389.

Reichard, M., Jurajda, P. & Ondrackova, M. (2002a). The effect of light intensity on the drift
of young-of-the-year cyprinid fishes. Journal of Fish Biology, 61 (4): 1063-1066.

Reichard, M., Jurajda, P. & Ondrackovaa, M. (2002b). Interannual variability in seasonal
dynamics and species composition of drifting young-of-the-year fishes in two
European lowland rivers. Journal of Fish Biology, 60 (1): 87-101.

Reichard, M. & Jurajda, P. (2004). The effects of elevated river discharge on the downstream
drift of young-of-the-year cyprinid fishes. Journal of Freshwater Ecology, 19 (3): 465-
471.

Reichard, M., Jurajda, P. & Smith, C. (2004). Spatial distribution of drifting cyprinid fishes in
a shallow lowland river. Archiv Fur Hydrobiologie, 159 (3): 395-407.

Robinson, A. T., Clarkson, R. W. & Forrest, R. E. (1998). Dispersal of larval fishes in a
regulated river tributary. Transactions of the American Fisheries Society, 127 (5): 772-
786.

Sagnes, P., Gaudin, P. & Statzner, B. (1997). Shifts in morphometrics and their relation to
hydrodynamic potential and habitat use during grayling (Thymallus thymallus)
ontogenesis. Journal of Fish Biology, 50 (4): 846-858.

Scheidegger, K. J. & Bain, M. B. (1995). Larval fish distribution and microhabitat use in free-
flowing and regulated rivers. Copeia, 1995 (1): 125-135.

Schiemer, F., Keckeis, H. & Kamler, E. (2002). The early life history stages of riverine fish:
ecophysiological and environmental bottlenecks. Comparative Biochemistry and
Physiology Part A: Molecular & Integrative Physiology, 133 (3): 439-449.

Scott, A. (1985). Distribution, growth, and feeding of postemergent grayling Thymallus
thymallus in an English river. Transactions of the American Fisheries Society, 114 (4):
525-531.

Smith, R. J. F. (1985). The control of fish migration: Springer London, Limited.

Sonny, D., Jorry, S., Watriez, X. & Philippart, J. C. (2006). Inter-annual and diel patterns of
the drift of cyprinid fishes in a small tributary of the Meuse River, Belgium. Folia
Zoologica, 55 (1): 75-85.

Store Norske Leksikon. (2009). Otta: elv: Store Norske Leksikon. Available at:
http://snl.no/Otta%?2Felv (accessed: 26.04).

Tabor, R., Brown, G. & Luiting, V. T. (1998). The effect of light intensity on predation of
sockeye salmon (Oncorhynchus nerka) fry by prickly sculpin (Cottus asper) and
torrent sculpin (C. rhotheus): US Fish and Wildlife Service.

Thorsnas, G. (2009). Gudbrandsdalslagen. Store norske leksikon (accessed: 17. December).

Tomanova, S., Tedesco, P. A., Roset, N., Berrebi dit Thomas, R. & Belliard, J. (2013).
Systematic point sampling of fish communities in medium- and large-sized rivers:
sampling procedure and effort. Fisheries Management and Ecology, 20 (6): 533-543.

Tvede, A. (2006). Vanntemperatur og isforhold. In Saltveit, S. J. (ed.) @kologiske forhold i
vassdrag- konsekvenser av vannfgringsendringer. En sammenstilling av dagens
kunnskap., pp. 27-34: NVE.

Vuong, Q. H. (1989). Likelihood ratio tests for model selection and non-nested hypotheses.
Econometrica, 57: 307-333.

Winemiller, K. O. (1989). Patterns of variation in life-history among south-american fishes in
seasonal environments. Oecologia, 81 (2): 225-241.

Woodhead, P. M. J. (1957). Reactions of Salmonid larvae to light. Journal of Experimental
Biology, 34 (3): 402-416.

52


http://snl.no/Otta%2Felv

Zitek, A., Schmutz, S., Unfer, G. & Ploner, A. (2004). Fish drift in a Danube sidearm-system:

Zuur, A. F., leno, E. N., Walker, N., Saveliev, A. A. & Smith, G. M. (2009). Mixed Effects

8 Appendix

. Site-, inter- and intraspecific patterns. Journal of Fish Biology, 65 (5): 1319-1338.
Zitek, A. (2006). Migration processes of riverine fish: assessment, patterns of downstream

migration & restoration: Universitat fur Bodenkultur, Wien.

Models and Extensions in Ecology with R: Springer, New York.
Zuur, A. F., leno, E. N. & Saveliev, A. A. (2012). Zero inflated models and generalized linear

mixed models with R. Newburgh, UK: Highland Statistics Ltd, . 324 pp.
@istad, S. (2014). Habitat selection and longitudinal distribution patterns of sub-adult
sympatric trout (Salmo trutta) and grayling (Thymallus thymallus) in two large

northern rivers. Master: Hedmark University College, Faculty of Applied Ecology and

Agricultural Sciences. 42 pp.

Table Al: Drift traps used in Otta and Lagen from June 17 to July 7 2014, with trap 1D, average water velocity (m/s)

during the drift period, positions and days in use.

River Trap ID  Average water velocity (m/s) Coordinates (UTM) In use (Day No.)

Lagen From To
1.1.A 0.389 32V 523684 6856753 1 21
1.1.B 0.347 32V 523684 6856753 1 21
1.1.C 0.255 32V 523684 6856753 1 21
1.2.A 0.396 32V 523684 6856753 14 19
1.2.B 0.374 32V 523684 6856753 14 19
1.2.C 0.278 32V 523684 6856753 14 19
1.3.A 0.277 32V 523684 6856753 14 19
1.3.B 0.233 32V 523684 6856753 14 19
1.3.C 0.164 32V 523684 6856753 14 19
2.0.A 0.355 32 V 526332 6855397 1 16
2.0.B 0.350 32V 526332 6855397 1 16
2.0.C 0.278 32V 526332 6855397 1 16
3.0.A 0.291 32V 528860 6852651 1 16
3.0B 0.279 32V 528860 6852651 1 16
3.0.C 0.187 32 V 528860 6852651 1 16
4.0.A 0.725 32V 528737 6848796 1 21
4.0.B 0.675 32V 528737 6848796 1 21
4.0.C 0.452 32V 528737 6848796 1 21

Otta
1.1.A 0.540 32V 516306 6852303 1 21
1.1.B 0.451 32 V 516306 6852303 1 21
1.1.C 0.349 32V 516306 6852303 1 21
1.2.A 0.413 32 V 516306 6852303 10 18
1.2.B 0.326 32V 516306 6852303 10 18
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1.2.C 0.242 32V 516306 6852303 10 18

13.A 0.458 32V 516306 6852303 10 18
1.3.B 0.360 32V 516306 6852303 10 18
1.3.C 0.359 32V 516306 6852303 10 18
2.1.A 0.431 32V 518720 6851743 1 21
2.1.B 0.383 32V 518720 6851743 1 21
2.1.C 0.330 32V 518720 6851743 1 21
2.2.A 0.407 32V 518720 6851743 16 20
2.2.B 0.400 32V 518720 6851743 16 20
2.2.C 0.351 32V 518720 6851743 16 20
2.3.A 0.352 32V 518720 6851743 16 20
2.3.B 0.342 32V 518720 6851743 16 20
2.3.C 0.261 32V 518720 6851743 16 20
2.4.A 0.314 32V 518720 6851743 16 20
24.B 0.314 32V 518720 6851743 16 20
24.C 0.224 32V 518720 6851743 16 20
2.5.A 0.249 32 V 518720 6851743 16 20
2.5.B 0.256 32V 518720 6851743 16 20
2.5.C 0.181 32 V 518720 6851743 16 20
3.0.A 0.382 32V 520930 6850304 1 16
3.0.B 0.318 32 V 520930 6850304 1 16
3.0.C 0.274 32V 520930 6850304 1 16
4.0.A 0.530 32 V 528769 6848280 1 21
4.0.B 0.512 32V 528769 6848280 1 21
4.0.C 0.348 32V 528769 6848280 1 21

8.1 Model selection tables

Table A2: Complete AIC model selection table for the Zero- models in the ZIP models of grayling fry drift in Otta
and L&gen in 2014. For the selection process the count- model was fixed with the variables River * Day?. AAIC=
deviation relative to the most supported model.

Zero-modell AIC AAIC

River site + Height 3294 0
River site 339.9 10.5
Height 341.2 11.8
Ln distance to spawning area 344.8 15.4
River 344.9 15.5
Standardized discharge 345.1 15.7
Water temperature 345.5 16.1
Distance to spawning area 345.5 16.1
Water velocity 345.5 16.1
Water velocity? 346.2 16.8
River site * Water velocity® 347.1 17.7




Distance to spawning area’ 347.2 17.8
River station * Height 349.3 20.0
River site * Water velocity 351.5 22.1
Trap ID 358.4 29.1

Table A3: Complete AIC model selection table for the count-models from the ZIP models of grayling fry drift in Otta

and Lagen rivers in 2014. For the selection process, the most supported zero-model was used (River site + Height).

AAIC= deviation relative to the most supported model.

Count-modell AlC AAIC

Degree days” * River 324.9 0
River + day® 329.2 4.3
River * day? 329.4 45
Standardized discharge + day? 329.8 4.9
day” 330.8 5.9
Water velocity? + day? 331.3 6.4
Water velocity + day? 332.3 7.4
Distance to spawning area + day? 332.7 7.8
Water velocity * day? 333.8 8.9
Degree days® *Standardized discharge 333.9 9.0
Degree days® + Standardized discharge 339.6 14.7
River site + day? 341.0 16.01
Degree days® + River 344.3 19.4
Degree days® + Distance to spawning area 344.8 19.9
Degree days® + Water velocity? 345.0 20.1
Degree days®* Water velocity 347.0 22.1
Water velocity 355.6 30.7
River 355.9 31.0
Day 356.2 31.3
Degree days 356.3 314
River * Standardized discharge 356.4 315
Distance to spawning area 356.5 31.6
River + Standardized discharge 356.7 31.9
River + Water velocity 356.8 31.9
Water velocity? 356.9 32.0
River + Day 357.9 33.0
River + Distance to spawning area 358.0 33.1
River * Degree days 358.5 33.6
River + Water velocity” 358.5 33.6
Height 358.7 33.8
River * Day 358.8 33.9
River * Distance to spawning area 360.0 35.1
River * Water velocity? 362.5 37.6
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River site 363.7 38.8
River site * Height 364.0 39.1
River site + Height 368.5 43.7
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