


channel gains additional significance, since the disintegration of the river and its 
floodplains has increased drastically in many river systems owing to regulation 
schemes. Recent studies have targeted the marginal habitats of river channels 
( S c h i e m e r  et al. 1991, P e i i A z  et al. 1991, 1992, J u r a j d a  1994, 
P e r s a t  etal .  1 9 9 5 , S c h e i d e g g e r  & B a i n  1995, S c h i e m e r  etal .  
in press a and b, B a r a S et al. 1996, W i n t e r S b e r g e r 1996) intensively, 
and it is argued that the nearshore areas with low current velocity may be 
the primary nursery zones, when substantial backwater and off-channel habitats 
are lacking. 

The analysis of habitat use in the main channel of rivers showed that larval 
C. nasus are bound to sheltered lentic bays with low water velocities. With 
increasing body size in summer to autumn, they migrate to adjacent shallow 
gravel banks with water velocities of < 50 cm.s-' (S c h i e m e  r et al. 1991, 
B a r a S et al. 1996, W i n t e r S b e r g e r 1996). These habitat shifts are in 
accordance with the findings of studies within the floodplain (C o p p et al. 1991, 
1994, K u r m a y e r et al. 1996) where the abundance and relative frequency of 
the nase is low and restricted to lotic refuges in late summer. 

Fish distribution, abundance and habitat shifts are known to be associated 
with physical features of the environment such as, water velocity (S c h 1 o S S e r 
1 9 8 5 , F a c e y  & G r o s s m a n  1990),waterdepth(Harvey & S t e w a r t  
1991, W i n t e r s b e r g e r  1996), substrate type ( D o l l o f f  & R e e v e s  
1990), food availability (N a e S j e et al. 1991, G r e e n b e r g 1991) and 
accompanied by ontogenetic changes in bioenergetic performance (G o v o n i et 
al. 1986, W i e s e r  et al. 1988, H o u d e  & S c h e c k t e r  1983, H o u d e  
1988, K a u f m a n n  1990, K e c k e i s  & S c h i e m e r  1990, 1992) and 
foraging ecology (B r o d e u r 1991, M i l l S et al. 1985, W a n z e n b o c k 
1992). On the other hand, habitat is not rigid and the availability of habitat 
features changes at daily, seasonal, and yearly scales. The habitat characteristics 
are dynamically controlled by hydrology, especially patterns of current velocity 
and temperature depend on the inshore relief and the water level (B a r a S et al. 
1996, K e c k e i S et al. 1997). 

Drift migrations and downstream displacements are another important 
phenomenon affecting the abundance and distribution of riverine 0+ fish. Drift 
represents an important link in the migratory circle of fishes which favours the 
dispersion of fish (M a n t e i f e 1 et al. 1978) and the exploitation of high quality 
nursery areas (P r o k e S & P e ii A z 1979, P a v l o v 1994). Downstream 
migrations are known to be influenced by behavioural mechanisms and 
hydrological factors such as water discharge, water level, water velocity, 
turbulence and water turbidity ( 0  t t a W a y & F o r r e S t 1985, H e g g e n e S 
& T r a a e n 1988, P a v l o v 1994, P e r S a t  et al. 1995). However, the 
consequences of these movements on population dynamics and in which way 
they influence growth, survival and recruitment still remains open (P e p i n et 
al. 1995, P e r  s a  t et al. 1995, D e  W 1995, M a s o n  et al. 1995). 

The present paper will concentrate on the dynamics of temporal and spatial 
distribution patterns of the "key species" C. nasus at inshore nursery zones in a 
large river during their first months of life. The ultimate goal was to link 
population dynamics with autecological requirements, structural properties of the 
inshore zone and hydrological dynamics. Specific questions were addressed: (1) 



How long is the hatching period? (2) Are there any ontogenetic niche shifts? (3) 
Does fish abundance change over time at one sampling location? (3) Are there 
any differences in fish abundance among sampling locations? (4) Is there 
a relationship between fish distribution, environmental measures and hydrology? 

Study Site 

The shoreline of the Danube downstream from Vienna to the Slovakian border 
can be characterised by richly structured zones with large gravel banks and small 
littoral bays and, on the other hand, by steep straightened artificial embankments 
(rip-rap). The annual average discharge is 1890 m3 S-' with seasonal fluctuations 
from 800 to 6000 m3 S' .  At mean water conditions, the current velocity in the 
channel is approximately 2.5 m S-'. Both the connectivity with the floodplain and 
the shoreline configuration strongly depend on water level fluctuations. There are 
seven side-arm-systems, connected on 10 to 20 days per year at mean water level 
plus 1.5 m of water and three tributaries. At this 50 km long section of the 
Danube, only 18 large gravel bars can be found (S c h i e m e r et al. 1991). They 
are the main nursery areas for riverine O+ fish within the main channel. Three 
inshore stretches of 100 m length at one of the 18 gravel bars were studied in 
detail (bay = "Bay", gravel bar 1 = GB1, gravel bar 2 = GB2, Fig. I ) from May 
to August, 1994. The "Bay" can be characterised by low water currents, smaller 
grain sizes, higher temperatures, when compared with the gravel banks. The 
"Bay" dried out at low water. The "GB1" showed the highest water currents and 
lowest water depths over a broad range of different water levels. At the "GB2" 
water velocities decreased with increasing water level, whereas mean water 
depth increased (see in K e c k e i s et al. 1997). 

Material and Methods 

The inshore bathymetry of three nursery stretches was surveyed and a relief map 
in 10 cm steps constructed (Fig. 2). The data set from the survey and the detailed 
contour maps of the sampling stretches (100 X 100 m each stretch) ensured the 
exact location of each sampling point throughout the investigation period. This 
data set formed the basis for further analysis with a Geographical Information 
System ("GIS"). Inshore morphology was combined with hydrological data for 
modelling the influence of water level fluctuations on the area of different water 
depth classes (1 = 0-20, 2 = 20-40, 3 = 40-60, 4 = > 60 cm). Sampling started at 
the appearance of the first C. naslis larvae (visual observations) at the beginning 
of May, in weekly (May - July) to monthly (July - August) intervals. A systematic 
sampling design based on a grid-design, was chosen for the investigations. The 
100 m stretches were divided in 21 transects with 5 m distance between them. 
Three sampling points along each transect were taken at different distance from 
the shoreline. Overall, 1508 points were analysed. At each of the 63 points per 
sampling site and date, the water velocity was measured using a propeller current 
meter (Ott C2). With the "GIS" (ARCINFO Software) we interpolated between 
these 63 points and determined the area of different water velocity classes 
(1 = 0-10, 2 = 10-15, 3 = 15-20, 4 = > 20 cm.s-'). The influence of water level 
fluctuations on the area of each velocity classes was modelled. Temperature was 
measured at each of the 63 points. Additionally, a data logger (testo 170) 
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Fig. 1. Stud site in the Austria;, art of the Danube River. Sampling stretches are located at river- 
kilometre 1410: a = "Bay". b = 6 ~ 1 ' ' .  and river-kilometre 1909: c = "GBT'. 

measured water temperature in hourly intervals. Water level and water 
temperature from the main channel were provided by the Austrian River 
Authority. Distribution patterns of structural parameters (substrate type, type and 
density of vegetation and woody debris) were visual estimated and recorded. 

Fish were sampled with electrofishing equipment adapted for juvenile fish 
(8.5 kW generator, 400-500 V, approx. 8 A). The anode diameter was 30 cm. It 
was fixed on a 4 m long pole, to minimise disturbing effects. The sphere of action 
was empirically tested and determined (approx. 0.5 m-2 area). A few seconds after 
immersing the activated anode, a dip-net was put into the water to collect the fish. 
Small unit samples (n=63 on each date) were taken according to the grid- 
sampling-design described above. Species determination and length 
measurements of fish were canied out in the laboratory. Leuciscus leuciscus and 
Rutilus rutilus data were pooled, due to difficulties in species determination 
during early development. The O+ C. nasus were grouped into the size classes 
0-12.5, 12.5-17.5, 17.5-30, and > 30 mm. Potential spawning time was designated 
as the time period where the temperature reached 8" C and do not exceed 12°C 
(referring to P e fi fi z 1974, 1984, K e c k e i s et al. 1996). Freshly hatched fish 



were defined as fish of the last embryonic and first larval step (according to 
P e ii B z 1974) with a total length below 12.5 mm. The portion (relative fish 
number in %) of freshly hatched fish was calculated from the pooled data of all fish 
captured and a logistic curve was fitted. Relative densities of each fish size class in 
water depth and water velocity classes were calculated from the 63 sampling points 
on each date and site. The mean value + S.E. was calculated from these relative 
densities at the 26 sampling events and Kruskal-Wallis one-way analysis of 
variance was applied to detect significant differences between the size classes. 
From the determined habitat preferences and laboratory derived maximum 
sustainable water velocities (F l o r e & K e c k e i s , in press.), we defined 
suitable habitat as the zone where water velocity remains under 10 c m 4  and habitat 
available, as the area of this zone. The number of C. nasus at the investigated 
stretches (presented in Table 5 and Fig. 7) was calculated by multiplying the mean 
fish density (mean value + S.E. of 63 samples at each stretch) with the given area 
of suitable habitat. Differences in fish numbers between sampling dates and 
sampling stretches were analysed with Kruskal-Wallis one-way analysis of 
variance and Mann-Whitney-U-Test for two-independent-samples. 

Results 

D u r a t i o n  o f  t h e  H a t c h i n g  P e r i o d  

Freshly hatched C. nasus embryos and larvae were caught from the 10" May to 
the 21" June, a period of 42 days. The relative portion of freshly hatched fish 
ranged between 85% on the IQh of May to 0.25% on the 21" June (Fig. 3) and a 
logistic regression model was fitted to this data. The curve estimation was highly 
significant (p c 0,001, r2 = 0,904) and revealed that on the 23rd may 50% and on 
the 2eh May 25% of all fish captured were freshly hatched. 

H a b i t a t  P r e f e r e n c e s  d u r i n g  O n t o g e n e t i c  D e v e l o p m e n t  

Water Depth 
There were no significant differences in relative fish density between the depth 
classes and between the size classes shown in Fig. 4 (Kruskal-Wallis, p>0.05). 
Then the fish data of the water depth classes 0-20 and 20-40 cm were pooled and 
relative density in these depth classes ranged from >72% for the smaller sized 
fish, to 100% for the fish >30 mm. Relative density of all fish sizeclasses was 
significant higher in the depth class 0-40 cm than in the class >40 cm (Mann- 
Whitney-U-Test, pc0.002). 

Water Velocity 
Relative densities of all C. nasus size classes were higher than 75% in the water 
velocity class of 0-10 cm S-' (Fig. 5). The relative density of all fish size classes 
was in the velocity class 0-10 ems' significant higher, than in other classes 
(Kruskal-Wallis, pc0.01). No significant differences could be detected between 
size classes (p>0.05). 
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Fig. 2 a. Contour plots of the nursery habitats "Bay" and "Gbl". The black dots indicate all 
sampling points throughout the investigation. (Fish abundance, water depth, water velocity, 
tem eratun, and substrate type were recorded at each pint ) . ,  , 

h. &tour plots of the nursery habitat ''Gb2''. The blac dots lnd~cate all sampling points thmugho- 
ut the investigation. (Fish abundance, water depth, water velocity, temperature, and substrate- type 
were recorded at each point). 
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Fig. 3. The portion of fresh1 hatched fish (in %, from the pooled data of all fish ca tured; Sigmoid 
curve: y=(max-min)l(l+(x/~~)A~~~~~+min); mar=90, min=O, 1P=25,  SLOPE=^!^^^, 2=0.904). 
Water level (dashed line) water temperature (solid line) of the main channel. 
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Fig. 4. Habitat preferences of Chondrostorna nasus during ontogenetic development concerning 
water dcpth (relative fish density in mean + S. E.). 

H a b i t a t  A v a i l a b i l i t y  a n d  H y d r o l o g y  

The relationship between water level and suitable habitat area (water velocity 
class 0-10 cm.s-l) differed between the three stretches (Fig. 6). "GBI" showed 
highest habitat availability at low water in late summer (Table 4), and the area 
decreased with increasing water level (linear regression, p<0.01, r2 = 0.83) down 
to zero on the 9'" June (Table 1). In contrast, habitat availability was highest for 
"GB2" at high water level and decreased with decreasing water level (linear 
regression, p<0.01, rZ = 0.84). The "Bay" area felt dry below mean water. Habitat 



W Table 1. Temporal and spatial change in habitat (m2). Suitable habitat was defined as the area where water velocity did not exceed 10 cm.s-'. Areas 
m of different water velocity classes are given in m2. 0-10 = 0-10 cm.s-l, 10-20 =10-20 ~m.s-~,20-40 = 20-40 cm.s-', >40 = >40 cm.sl, W. 1. = water 

level, in meters above sea lavel. 

10. May 
13. May 
17. May 
24. May 
26. May 
31. May 
09. June 
15. June 
21. June 
29. June 
12. July 
16. Aug. 

GB2 Bay GB1 GB2 Bay GB1 GB2 Bay GB1 GB2 

1 .8 0.0 0.0 
15.2 0.0 0.0 

392.2 1 .8 83.9 90.9 0.0 62.9 37.9 0.0 198.5 51.4 
547.6 33.3 25.6 75.2 0.0 26.5 50.8 0.0 268.7 19.8 

60.1 26.4 7.8 
394.2 74.5 30.7 144.5 34.0 64.5 54.7 1.6 219.9 53.4 
567.6 77.6 17.4 201.3 41.4 20.9 48.5 0.0 233.9 3.6 
255.3 0.0 111.3 149.1 0.0 108.3 54.0 0.0 138.1 131.0 
409.5 60.6 31.9 156.1 33.8 53.4 82.4 0.0 362.6 37.4 
307.9 3.8 117.0 71.1 0.0 117.0 55.9 0.0 317.6 153.4 
256.8 0.0 139.8 107.9 0.0 129.4 103.6 0.0 287.4 191.5 
128.2 0.0 253.4 119.1 0.0 130.7 126.6 0.0 24.1 334.9 



Table 2.0+ fish association and the most abundant fish species caught at the three sites. Given are 
absolute numbers (n), and percentages (%). 

number of species 16 
endangered species 8 
divers~ty index H' 1.42 
sample points 482 

Chondrostoma nasus 3106 49.3 508 46.6 1300 76.9 
Barbus barbus 546 8.7 646 48.7 179 10.6 
Alburnus alburnus 301 4.8 20 1.5 87 5.1 
L. leuciscus + R. rutilus 1784 28.7 27 3.6 102 6.0 
Leuciscus cephalus 216 3.4 0 0 1 0.1 

Total fish sampled 6317 100 1223 100 1698 100 

Table 3. Temporal and spatial change in absolute fish numbers of the most abundant tish species 
(total numbers of fishes caught). Ctl = Chotldrostoma nasus, Bb = Barbus barbus, Aa = Alblrrnus 
alburnus, L1 + Rr = Leuciscus leuciscus and Rutilus rutilus. 

Bay GB1 GB2 Bay GB1 GB2 Bay GB1 GB2 Bay GB1 GB2 

10. Mav 20 0 0 0 
13. ~ a i  223 0 0 7 
17. May 11  21 0 0 0 0 0 0 
24. May 895 89 64 0 0 1  4 0 0  35 2 0 
26. May 135 0 0 13 
3 1. May 149 20 485 11 1 1 26 0 0 62 1 5 
09. June 152 7 102 10 1 3 49 0 0 245 5 
15.June 166 84 329 34 3 8 29 0 0 484 4 38 
21.June 871 210 276 74 8 18 111 1 l 502 14 35 
29. June 446 34 22 218 11 36 71 0 13 431 2 2 
12. July 22 0 78 30 1 40 4 17 
16. Aug 31 1 544 82 18 33 0 0 

availability increased steeply with increasing water level (polynomial regression, 
p<0.01, r2 = 0.88), reached a maximum at medium levels, and decreased steeply 
until it was overflown (Table 1, Fig. 6). 

T e m p o r a l  a n d  S p a t i a l  D y n a m i c  o f  F i s h  A b u n d a n c e  

In general, the highest abundance of 0+ fish, the number of eurytopic species, and 
the highest diversity (Shannon-Weaver Index) was found in the "Bay" (Table 2). 
Total number and density of fish caught varied considerable during the 
investigation period (Tables 3 and 4). C. nnsus achieved highest abundance and 
density of all species (Table 4). Within the water velocity class 0-10 c m d ,  it 
ranged from zero to 56+40 (mean of 63 points + S.E.) individuals per m2 (Table 4). 
Only the most obvious differences in fish abundance were statistically 
significant, due to high standard errors. Schooling and aggregation of larvae, 
caused these high standard errors. For example on the 21" June, the fish density 



Table 4. Temporal and spatial chan e in estimated fish density of the most abundant fish species, 
within the water velocity class l 8  c m r l  Given in individuals per m' (mean i standard error). 
Cn = Chondrostoma nasus, Bb = Barbus barbus, Aa = Alburnus alburnus, L1 + Rr = Leuciscus 
leuciscus and Rutilus rutilus. 

mean S.E. mean S.E. mean S.E. mean S.E. mean S.E. 

10.MayBaY4.12 2.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13.May 14.85 6.89 0.00 0.00 0.00 0.00 0.47 0.28 0.00 0.00 
17. May 
24.May 36.85 13.40 0.00 0.00 0.16 0.10 1.44 0.59 0.04 0.04 
26.May 7.24 5.07 0.00 0.00 0.00 0.00 0.72 0.66 0.00 0.00 
31.May 7.03 2.42 0.47 0.19 1.23 1.23 2.93 1.10 0.00 0.00 
09.June 7.03 2.17 0.47 0.20 2.31 1.10 11.32 5.54 7.12 7.08 
15.June 6.16 2.53 1.26 0.64 1.08 0.59 17.97 8.65 0.00 0.00 
21. June 37.18 30.12 3.16 0.88 4.74 3.02 21.45 12.23 0.13 0.07 
29.June 16.83 11.10 8.23 3.50 2.68 1.14 16.27 7.89 2.23 1.51 
12. July 
16. Aug 

GB l 
10. May 
13. May 
17.May 2.52 1.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
24.May 56.53 22.55 0.00 0.00 0.00 0.00 0.65 0.65 0.00 0.00 
26. May 
31.May 5.03 3.97 0.25 0.25 0.00 0.00 0.25 0.25 0.00 0.00 
09. June 
15. June 7.93 4.78 0.57 0.41 0.00 0.00 0.00 0.00 0.00 0.00 
21. June 56.33 40.33 1.98 1.09 0.00 0.00 3.96 2.37 0.00 0.00 
29.June 7.47 5.75 2.49 1.19 0.00 0.00 0.45 0.30 0.00 0.00 
12. July 2.26 1.32 10.05 8.15 0.14 0.14 0.57 0.44 0.00 0.00 
16.Aug 2.51 1.72 33.57 20.59 0.89 0.64 0.00 0.00 0.00 0.00 

GB2 
10. May 
13. Mav 

26. ~ a ?  
31.May 29.94 20.62 0.08 0.08 0.00 0.00 0.34 0.26 0.00 0.00 
09.June 4.34 2.79 0.13 0.13 0.00 0.00 0.31 0.16 0.00 0.00 
15. June 28.31 22.51 0.57 0.25 0.00 0.00 3.40 2.04 0.00 0.00 
21. June 19.90 10.55 0.97 0.25 0.08 0.08 2.59 1.80 0.00 0.00 

ranged from zero to 1597 individuals per m2 at the 63 sampling points and 35 zero 
catches occurred. Mean fish density at each stretch and date, was multiplied with 
suitable habitat area and the total number of Chondrostoma nasus at the 100 m 
long stretches was estimated (Table 5, Fig. 7). 

T e m p o r a l  D y n a m i c s  

Highest numbers and most prominent peaks of O+ C. nasus were observed at 
the "Bay" (Table 5, Fig. 7). The nase population built up significantly from 



Table 5. Tem oral and spatial change of estimated Chondrostoma nasus number at the three sites. 
The given fisg numbers indicate the number of individuals estimated at the 100 m long stretches 
(calculated from the mean fish density within the suitable habitat, multiplied with the area of sui- 
table habitat). 

10. May 244 1 1458 
13. May 9213 4227 
17. May 56 1 441 207 169 
24. May 22194 8060 86 1 734 1645 786 
26. May 1952 1368 
31. May 2963 1020 376 297 11902 8224 
09. June 3285 1052 2464 1583 
15. June 3764 1558 1262 761 7733 6248 
21. June 12773 9793 4394 3 200 8213 4343 
29. June 9995 6568 3136 2413 423 198 
12. July 596 349 0 0 
16. Aug 1346 922 0 0 

244 1 f 1458 (mean f S.E.) on the 1 0" May to a maximum of 22194 f 8060 on 
the 241h May (Mann-Whitney-U-Test, p<0.05). Then it declined significantly to 
1952 + 1368 individuals on the 26th May (p<0.05). In late June there was a 
second peak from 3764 + 1558 to 12773 f 9793 fish, until the "Bay" dried out 
on the 1 1" of June. Similar patterns could be noticed at "GB2", but on 24" of May 
when Chondrostoma nasus peaked at the "Bay", numbers were low at "GB2" 
1645 f 786. Fish number increased significantly from beginning May up to 
11 902 f 8224 on the 31" May ( ~ ~ 0 . 0 5 ) .  On the 9' of June numbers were rather 
low and a second peak was observed in the middle of June. Numbers decreased 
in late June (Fig. 7). In July and August no more fish were caught at "GB2". The 
sampling stretch "GB I " showed low numbers in May and a significant increase 
from beginning to late June ( ~ ~ 0 . 0 5 ,  Table 5). After the 2Yh June, juvenile 
Chondrostoma nasus were exclusively found at "GB 1" (Table 5). 

S p a t i a l  D y n a m i c s  

C. nasus number differed significantly between the investigated stretches at 
corresponding sampling dates (Kruskal-Wallis, p>0.05). In the "Bay", the fish 
number was significant higher on the 13' May compared with "GB 1" and "GB2" 
on the 171h May (Mann-Whitney-U-Test, p<0.05). Also on the 24Ih May it was 
significantly higher in the "Bay" than in "GB 1" and "GB2" (p<0.05). The inverse 
situation was observed on the 3 1" May, where the highest numbers were found at 
"GB2". In July and August, C. nasus juveniles were caught almost exclusively 
at "GB I"  (Tables 3 , 4  and 5). 

Discussion and Conclusions 

Space and time function together to shape populations, communities and 
ecosystems (L e W i s et al. 1996). Since mortality is known to be highest during 
egg and larval stages, the events occurring during this critical phase are believed 
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Fig. 5. Habitat preferences of Chondrostoma nasus during ontogenetic development concerning 
water velocity (relative fish density in mean f S. E.). 

to be the major factors regulating recruitment and population dynamics 
(H o U d e 1988, C U s h i n g 1988). Knowledge of the central factors regulating 
variation in fish abundance and recruitment is therefore, a central question not 
only in fisheries but also in ecology. 

Freshly hatched C. nasus embryos and larvae were caught over a period of 42 
days. This temporal dimension results in a wide range of birth dates and 
variations in the length and quality of the growing season. Extended breeding 
periods are very common in freshwater fish and are assumed to affect year class 
strength and recruitment. C a g n e l l i & G r o s s (l  996) reported that 74% of 
Canadian freshwater fish species have a breeding season longer than one month. 
This strategy, to enhance the probability bringing the offspring at the right time 









due to wash-out effects which blew off the "Bay". The increase in fish number at 
the "GB2" (located 1,5 km downstream of the "Bay") a few days later, illustrates 
the refuge capacity (high suitable habitat area at higher water level, Fig. 6) of this 
site at higher water levels. This example indicates that the early stages of riverine 
fry can be passively transported over distances of several kilometres within a short 
time period and outlines the importance of longitudinal connection/proximity of 
nursery habitats. The second peak in the middle to the end of June coincided with 
a longer period of mean water discharge. Such conditions seem to fill up potential 
appropriate habitats with larvae and juveniles from upstream. The highest 
abundance of larval C. nasus at the beginning of May is primarily explained by 
spawning time and location of the adults and the decrease during summer may be 
caused by mortality and massive downstream migrations. The population 
dynamics suggest that nursery islands and the accompanying O+ fish assemblage 
cannot be envisaged as being isolated, but are in a continuous longitudinal 
exchange. Mass migrations of O+ fish within water currents are a very common 
phenomenon in rivers, lakes, and marine ecosystems and it is proposed that the 
question of "the settled way of life" and "the migratory way of life" ratio, may 
depend on the particular environment (P a v l o v 1994). 

We conclude that, inshore structure determines the microhabitat availability, 
the extent of refuge capacity at water level fluctuations and the habitat profitability 
for 0+ fish. For larval fish, this small-scale ecotonal zones form islands in a highly 
fluctuating environment. Individual and population success seem to rely on the 
retention-time within these high quality habitats. Massive transport phenomena 
are influencing fish distribution by moving animals into regions of differing 
habitat quality. Consequently, a continuous longitudinal sequence of suitable 
habitats under stochastically changing water level is essential for recruitment. 
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