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Extensive sampling of the intake screens of power stations in the Severn Estuary
(Berkeley, Oldbury-upon-Severn and Uskmouth) and Bristol Channel (Hinkley Point)
yielded a total of 97 species of lampreys, elasmobranchs and teleosts. Data were most
comprehensive for Oldbury in the inner estuary where samples of all the fish collected
over 24 h were obtained on four occasions in each month between July 1972 and June
1977. The Gadidae was the most abundant family at Oldbury, both in terms of numbers
of individuals (51934) and species (13). The fifteen most abundant species at Oldbury
included two anadromous (river lamprey (Lampetrafluviatilis), twaite shad (Alosafallax)),
one catadromous (European eel (Anguilla anguilla)), one estuarine (common goby
{Pomatoschistus microps)) and one freshwater species (3-spined stickleback (Gasterosteus
aculeatus)). The remaining ten species, which fall within the broad category of
estuarine-dependent marine species, contained a large proportion of o + individuals. This
group comprised a species complex consisting of two morphologically very similar sand
gobies {Pomatoschistus minutus and Pomatoschistus lozanoi), which were only separated
during one year of the study, and the whiting (Merlangius merlangus), flounder (Platichthys
flesus), bass (Dicentrarchus labrax), sea snail (Liparis liparis), poor cod (Trisopterus minutus),
thin-lipped grey mullet {Liza ramada), herring (Clupea harengus), sprat (Sprattus sprattus)
and bib (Trisopterus luscus). Juveniles of the last nine species took on average between
11-15 and 38-42 weeks to enter the shallows in the middle of the inner estuary from their
spawning grounds, often having previously passed further up the estuary as postlarvae.
These species showed a markedly seasonal pattern of occurrence at Oldbury, with the
majority of each usually being collected within distinct two month periods. The number
of species, and to an even greater extent the total number of fish, underwent consistent
seasonal trends, with maximum and minimum values for the latter occurring between
September and January and between March and May respectively. The seasonal trends
for species richness (D), Shannon-Wiener (//') and Evenness indices (J) were similar, with
maximum and minimum values generally occurring in the winter and summer respectively.
A comparison between our data and those of earlier workers indicates that no major change
has occurred in the composition of the fish fauna of the Severn Estuary during this century,
except for the establishment of two 'northern' species, northern rockling (Ciliata septen-
trionalis) and Norway pout {Trisopterus esmarkii), during recent times.

INTRODUCTION

Estuaries perform a crucial role in the life-cycle of many fish (Cronin &
Mansueti, 1971; Day, Blaber & Wallace, 1981; Dando, 1984). They provide a
migratory route for anadromous and catadromous species and an environment
in which the limited number of true estuarine teleosts spend the whole of their
life cycle. The upper reaches are colonized by certain freshwater species while
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the lower regions are penetrated by some marine fish during high tide. However,
many marine teleosts enter and remain within estuaries for a period of time, often
in very large numbers and particularly during the early part of life (see e.g.
Gunter, 1938,1961,1967; Huddart & Arthur, 1971; van den Broek, 1980; Blaber
& Blaber, 1980; Potter et al. 1983; Whitfield, 1983). The recognition that
estuaries act as important nursery areas for certain teleosts by providing such
features as a rich food source and protection from predation (see e.g. Pearcy &
Richards, 1962] Jacquaz, Able & Leggett, 1977; Blaber & Blaber, 1980) has led
to such species being referred to as estuarine-dependent (see e.g. McHugh,
1976; Beal, 1980; Fortier & Leggett, 1982). Work by McHugh (1976) in the
United States and by Pollard (1976) in New South Wales, Australia, has
demonstrated that approximately 70 % by weight of the fisheries of these regions
was based on estuarine-dependent species.

The ecological importance of the River Severn can be gauged by the fact that
it has the largest drainage basin (11425 km2) of any British river system (Price,
1964). Although the Severn Estuary, and the Bristol Channel into which it opens,
once contained significant commercial fisheries, their importance receded with
the development of deeper water fisheries (Matthews, 1933; Lloyd, 1942).
Moreover, it has been suggested that the sport fisheries of the region have also
declined in recent decades through the influence of natural fluctuations,
overfishing and pollution (Clark, 1971). Certainly, the shores of the Severn
Estuary and Bristol Channel have become increasingly important for industrial
development, and attention has been drawn to the amount of contaminants,
particularly heavy metals, which are present in the environment and being
accumulated by the biota (Abdullah, Royale & Morris, 1972; Butterworth, Lester
& Nickless, 1972; Hardisty, Kartar & Sainsbury, 1974; Hardisty et al. 1974;
Chester & Stoner, 1975; Badsha & Sainsbury, 1978a, b; Noel-Lambot et al.
1980). More recently, however, Mettam (1979) concluded that there had been
no major change in the invertebrate fauna over the previous thirty years. Yet, very
considerable changes would undoubtedly occur in both the invertebrate and
vertebrate fauna if a proposed tidal barrage was constructed across the estuary
(Department of Energy, 1981; Baker, 1984).

The use of conventional fish sampling techniques in the Severn Estuary is made
difficult by the presence of extensive areas of mud and an extreme tidal range and
action (Hamilton, 1980). However, analysis of data for large numbers of fish
collected from the cooling water intake screens of power stations in this region,
has yielded much useful information on annual variations in abundance, seasonal
movements, growth, age composition and reproductive status of several species
of lamprey and teleost (Hardisty & Huggins, 1973, 1975; Claridge & Gardner,
1 977J 4978; Badsha & Sainsbury, 1978 a, b; Gardner, 19785 Titmus, Claridge &
Potter, 1978; Abou-Seedo & Potter, 1979; Claridge & Potter, 1983,1984,1985;
Potter & Claridge, 1985; Claridge et al. 1985).

The present paper provides a quantitative check list of the species offish taken
over five years from four power stations in the Severn Estuary and inner Bristol
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Channel, together with data on their size and the way in which they use the
estuary. The check list is compared with that prepared over 45 years ago by Lloyd
(1941) from his own data and those of earlier authors such as Day (1879) and
Matthews (1933), to ascertain whether there is any evidence that the composition
of the fish fauna has changed during this century. The times of year when the
more abundant species typically reach peak abundance at Oldbury-upon-Severn
in the inner estuary have been determined and an estimate made of the time taken
for the new 0 + recruits of the more numerous marine species to appear in the
shallows of this region. Data on seasonal and annual changes in total fish numbers,
individual species and various diversity indices are also given for the fish
community at Oldbury.
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Fig. 1. Map showing the location of the power stations in the Severn Estuary (Berkeley, Oldbury-
upon-Severn and Uskmouth), inner Bristol Channel (Hinkley Point) and Milford Haven (Pembroke)
used for the collection of fish samples.

MATERIALS AND METHODS
Sampling regime

Fish were collected from the cooling water intake screens of the Berkeley, Oldbury-upon-Severn,
Uskmouth and Hinkley Point power stations (Fig. 1). These screens were of the rotating drum or
band design with a mesh size of approximately 13x19 mm (for further information on power station
operation and its effects on the ecology of natural ecosystems see Langford, 1983). The water at
Berkeley is taken from the main deep water channel of the inner Severn Estuary, whereas at
Oldbury, a further 7 km downstream, it is drawn from shallow inshore areas. The power station
at Uskmouth is located on the River Usk at a point 1 km from the confluence of this river with
the outer Severn Estuary, while the Hinkley Point power station lies on the southern shore of the
inner Bristol Channel. (N.B. The terms inner and outer Severn Estuary and inner, central and outer
Bristol Channel used in this paper and shown in Fig. 1 follow those given by Radford & Joint (1980).)

Sampling commenced in July 1972 at Oldbury, September 1974 at Berkeley and October 1975
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at both Uskmouth and Hinkley Point, and in all cases was terminated in June 1977. Samples were
taken from Oldbury on the same day of four different weeks of each month of the year, thus giving
48 samples per year. Sampling was also carried out weekly at Berkeley but monthly at Uskmouth
and Hinkley Point. While each of the samples at the last three stations comprised material collected
over variable periods of time, those at Oldbury contained all the fish entrained over 24 h. The
numbers offish at Oldbury were adjusted where necessary to correspond to an intake of 22 x 1091,
the volume of water that passed through the screens daily when the station was under full load.
This was the typical daily intake between the autumn and spring when the numbers of fish in the
inner estuary reached a maximum.

In addition to the samples from the Estuary and Channel, five collections were taken between
September 1976 and February 1977 from Pembroke power station in Milford Haven on the
south-west tip of Wales (Fig. 1).

The standard length of all fish was recorded to the nearest 1 mm, except for those species whose
numbers were very large in any sample, in which case the measurements were made on a subsample
of at least 250.

Relative abundance and life-cycle categories

The data in Table 1 designating species as rare, regularly caught or common are based on whether
the average annual catch was < 10,10-99 or > 100 for Oldbury and Berkeley and < 5, 5-49 or > 50
for Uskmouth and Hinkley Point. Most of the species fell clearly into one of the following life-cycle
categories: anadromous (A), i.e. migrating from the sea into fresh water to breed; catadromous (C),
i.e. migrating from fresh water to the sea to breed; estuarine (E), i.e. typically occurring and
breeding in estuaries; freshwater (F), i.e. typically occurring and breeding in fresh water; marine,
i.e. typically breeding in marine environments outside estuaries. The marine category was separated
into three groups: species found at Hinkley Point but not in the estuary (M); species regarded as
marine stragglers, occurring infrequently in the Severn Estuary and known typically not to enter
estuaries in large numbers in other parts of the British Isles (MS); species found in large numbers
in the Severn and/or other British estuaries and hence classified as marine estuarine-dependent
(MED).

Nomenclature of Pomatoschistus and Atherina species

The catches of sand gobies at Oldbury in the Severn Estuary and Bristol Channel contained two
morphologically very similar species (P. minutus and P. lozanoi) whose taxonomic validity had until
recently been unclear (Webb, 1980). During the course of his taxonomic studies, C. J. Webb kindly
helped us separate these two species and this enabled us to gather data on some aspects of the biology
of both P. minutus and P. lozanoi (Claridge et al. 1985). Since such separation was restricted
in duration and to samples only from Oldbury, the data in Tables 1-3 and Fig. 5 refer to the
P. minutus/P. lozanoi complex.

Although Hardisty & Huggins (1975) recorded Atherina presbyter from Oldbury, subsequent
work by Palmer, Culley & Claridge (1979) indicated that the atherinids at this locality represented
an isolated and very northern population of Atherina boyeri. Yet Palmer et al. (1979) did identify
the atherinids from Pembroke outside the northern boundary of the Bristol Channel as Atherina
presbyter. The recent work of Bamber & Henderson (1985) has provided strong evidence, however,
that A. boyeri and A. presbyter are not distinct species and that only Atherina boyeri should be
recognised.

Species ranking, numbers and diversity

Values in Table 3 for relative abundance (see Warfel & Merriman, 1944) were obtained by taking
the ten most abundant species in each month and awarding sequential points from 10 for the most
numerous to one for the least numerous. Species were then ranked according to their total number
of points in each year. Since the small number of sprat, twaite shad and herring collected in the
first year of the study were not separated, estimates of their relative abundance in this year have
been calculated using the proportions obtained in the last four years.

The monthly number of each species at Oldbury between 1972 and 1977 has been expressed as
a percentage of the total for that species in each 12 month-period (1 July to 30 June). These
percentages were transformed using angular transformation (Zar, 1974) and monthly means and
95 % confidence limits calculated. The values for sprat in Fig. 2 and twaite shad in Fig. 5 are based
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on data collected in the last four years. Since herring was only abundant in 1973/4 a n ( i 1975/6,
the data for this species in Fig. 2 relate only to those years.

The Shannon-Wiener (//') and Evenness (J) indices were calculated according to Pielou (1966)
and the species richness index (D) determined using the formula employed by Margalef (1968).

Time of spawning and appearance of larvae and o + recruits

The spawning times in Fig. 4 are taken largely from the data compiled by Russell (1976) for
studies in south-western British waters. Since sprat eggs were obtained in the Bristol Channel
during April 1974 (Williams, 1984), the spawning period for this species has been extended to
include this month. Since no data on breeding time are given for bib in Russell (1976), the spawning
period for this species is taken from Wheeler (1978). While Russell (1976) does provide a spawning
period for the sea snail, this immediately precedes the period when gonadosomatic indices were
increasing rapidly in this species in the Severn Estuary (Badsha & Sainsbury, 19786). As a result,
this latter period is used in this study (Fig. 4).

The times when larval and postlarval stages of flounder, sprat, bass, poor cod, bib, whiting and
sea snail were present and reached peak abundance in the Bristol Channel (Fig. 4), come from an
analysis of plankton hauls carried out at regular intervals between the beginning of April and
mid-September of 1974 (Russell, 1980). Since poor cod were already present in large numbers at
the beginning of this sampling period, the time when their larvae and postlarvae were first found
in other years was taken from Russell (1976). Larvae and postlarvae of herring and thin-lipped grey
mullet were not obtained in the Bristol Channel during 1974 (Russell, 1980), a year in which few
0+ recruits of these species were taken in the estuary or channel (Titmus et al. 1978; Claridge
& Potter, 1985). The time when yolk sac herring were taken by J. Riley (personal communication)
in the Bristol Channel in April 1975 is included in Fig. 4.

The period when the o + recruits reached maximum abundance (see Fig. 4) was obtained from
an examination of the weekly catches at Oldbury in 1974, except in the case of herring and thin-lipped
grey mullet. The comparable peak abundance times for these two species were deduced from our
data for 1975 and 1976 respectively when they were obtained in large numbers. The first vertical
bar on the juvenile recruitment data in Fig. 4 refers to the time when o + fish first appeared, while
the second bar denotes the time after which catches of this age class were small, i.e. rarely exceeded
10 in a single weekly sample. The arrow on the flounder data denotes sizeable catches of o 4- fish
throughout the year.

RESULTS

Physico-chemical environment

Freshwater discharge rates at Gloucester in the River Severn and salinities and
temperatures at Oldbury-upon-Severn, which is located a further 55 km
downstream in the inner Severn Estuary (Fig. 1), have already been described
for the period covered by this study (Claridge & Potter, 1984). The current
account is therefore restricted to outlining the main trends. Freshwater discharge
in the River Severn, which showed a close inverse correlation with the salinity
at Oldbury (r = — 0954), always reached a peak between December and February.
However, discharge volume showed considerable annual variation, with max-
imum mean monthly values ranging from a low of 94 m3 s"1 in the winter of
1974/5 to a high of 420 m3 s"1 in the winter of 1976/7. Salinities at Oldbury
reached a maximum in either August or September and a minimum between
December and February. Again, annual values varied greatly among years, with
maximum monthly means ranging from 22 %o in 1973/4 to 29%<, in 1976/7, and
minimum monthly means being as low as 6%,, in the wet winter of 1976/7 and
as high as i8%o in the dry winter of 1975/6.

Maximum and minimum temperatures at Oldbury occurred in July or August
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and between December and March respectively. During the first three winters
of this study, the mean monthly temperatures dropped to only 6 °C compared
with values of approximately 4 °C in February 1976 and January 1977. Temp-
eratures during the summers of 1975 and 1976 were higher than in previous years,
reaching a maximum monthly mean of 21 °C compared with 18-19 °C in 1972,
1973 and 1974.

In general, salinities and temperatures at Berkeley were similar to those at
Oldbury, except during periods of heavy freshwater discharge when the salinity
declined to a lower level. The salinity at Uskmouth, which was influenced by the
state of the tide and by very heavy freshwater discharge, fluctuated between 30 %o

and freshwater levels. Compared with the estuary, the salinity at Hinkley Point
was much more stable, with values rarely dropping below 30 %o, and the
temperature did not show quite such an extreme range.

Numbers of species

A total of 97 species, representing one family of lamprey, four families of
elasmobranch and 32 families of teleost, together with two cyprinid hybrids, was
collected from Berkeley, Oldbury and Uskmouth in the Severn Estuary and from
Hinkley Point in the Bristol Channel (Table 1). This value is only one less than
the cumulative number of fish species recorded over a considerable distance in
the Thames Estuary between 1964 and 1980 (Andrews, 1984).

The numbers of species at Berkeley (73) and Oldbury (78) were similar and
collectively produced a total of 88 species representing 31 families (Table 1). All
of the 35 species (18 families) at Uskmouth were collected at some stage from
Oldbury and almost invariably also from Berkeley (Table 1). While the lower total
number of species at Uskmouth can be attributed to a poorer freshwater fauna
and to less frequent sampling than in the inner estuary, the same frequency of
sampling at Hinkley Point yielded nearly twice as many species as at Uskmouth
(66 vs. 35) (Table 1). The fish community at Hinkley, comprising 35 families,
was almost entirely composed of marine species, amongst which were four
elasmobranchs (nurse hound, tope, spur-dog and spotted ray) and four teleosts
(pearl-side, argentine, straight-nosed pipefish and tompot blenny) which did not
appear in any of the samples from the estuary. The limited number of samples
from Pembroke (5) outside the Bristol Channel, yielded 37 species representing
21 families (Table 1). Apart from the bull-rout, sea scorpion and golden grey
mullet, all of these species were also taken in the estuary and channel.

Life-cycle categories

The marine teleosts caught in large numbers in the inner estuary fall within
the broad category of estuarine-dependent (Tables 1-3). Particularly conspicuous
in this group were whiting, flounder, bass, sea snail, poor cod, thin-lipped grey
mullet, herring, sprat and bib. Many of the other marine teleosts caught in the
estuary were generally present only in small numbers. While their paucity may
sometimes have reflected small spawning populations, most can be classified as
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marine stragglers which have a strong preference for marine environments at all
stages in their life-cycle. Examples of this group were hake, ling, horse mackerel,
ballan wrasse, rock cook, lesser weever, streaked gurnard and witch. The three
species of elasmobranch collected from the inner estuary (lesser spotted dogfish,
undulate ray and thornback ray), which were all taken when salinities exceeded
20%,,, can also be regarded as marine stragglers.

Although sea snails with large gonads were found in the inner estuary, there
is good evidence to suggest that they breed outside the estuary. For example, this
species was only abundant at Oldbury and Berkeley for a short period (Fig. 2)
and the number of relatively mature fish was small. Moreover, larvae and
postlarvae oiLiparis sp. were taken in the Bristol Channel in 1974 (Russell, 1980).
Since the common sea snail was the only liparid caught in the estuary or channel
during our study, it seems likely that this was the species collected by Russell.
These considerations seem to justify the designation of the sea snail as an
estuarine-dependent marine species.

The checklist for the inner estuary, together with the data in Tables 2 and 3,
also emphasises the role the estuary plays as a migratory route for several species.
Thus, the river lamprey and twaite shad were obtained both during their
downstream passage to the sea and on their migration towards freshwater
spawning areas (see also Hardisty & Huggins, 1973; Potter & Huggins, 1973;
Abou-Seedo & Potter, 1979; Claridge & Gardner, 1978). Less frequently caught
anadromous species were the sea lamprey, allis shad, sea trout and Atlantic
salmon, although smolts of the last of these were occasionally collected in
considerable numbers in the autumn, spring and early summer. The catadromous
eel was present throughout the year.

The high incidence of the common goby in the inner estuary, particularly in
the shallows at Oldbury, and the low numbers collected from Hinkley Point,
suggest that this species may breed in the Severn Estuary (see also Claridge
et al. 1985). This view would be consistent with the observation that it breeds
in the estuaries of the Lynher in Cornwall and the Exe in Devon (J. M. Gee,
personal communication), as well as in other British estuaries (P. J. Miller, 1963;
personal communication). However, since the common goby sometimes breeds
in protected marine environments such as Morecambe Bay, where the salinity
approaches that of full strength sea water (Jones & Miller, 1966), it may also spawn
in the Bristol Channel. Although members of the Pomatoschistus minutus complex
comprising P. minutus and P. lozanoi were found with large gonads at Oldbury
and Berkeley (Claridge et al. 1985), considerable numbers were also obtained in
samples from Hinkley Point and both species are common in other regions of the
Bristol Channel (Wallis & Beardmore, 1984). Moreover, extensive plankton hauls
in the Bristol Channel in 1974 produced many gobiid larvae and postlarvae
(Russell, 1980), which belonged to either P. minutus or P. lozanoi (J. M. Gee,
personal communication), and eggs of one of these species were collected in
Plymouth Sound by Lebour (1920). Furthermore, P. minutus frequently spawns
in high salinities and in marine environments (Fonds, 1973; Hesthagen, 1975;
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Lee, 1975) and has never been found breeding in estuaries during the extensive
studies of British gobies by P. J. Miller (personal communication). Provisionally,
therefore, the common goby is regarded as typically estuarine and at least
P. minutus of the P. minutus/P. lozanoi complex as marine estuarine-dependent
in the Severn Estuary region.

Since A therina boyeri appears well adapted to the conditions at Oldbury (Palmer
et al. 1979), and 'ripe oocytes' were found in some individuals from this region
(Palmer & Culley, 1983), it seems likely that this species is estuarine. However,
as A. boyeri was present in marine conditions at Pembroke outside the Bristol
Channel, this atherinid might also be represented by marine populations in the
south-western region of the United Kingdom.

Freshwater species, such as the perch and the members of the Cyprinidae, were
widely represented at both Oldbury and Berkeley but usually not in large
numbers. In contrast to the 10-spined stickleback, which was extremely rare at
these two localities, the 3-spined stickleback was found in appreciable numbers
in the inner estuary in most years. Moreover, since the latter was sometimes in
breeding coloration, it may occasionally spawn in the upper reaches of the estuary.
In this context, it is worth noting that Jones & John (1978) concluded from the
condition of a fish collected from the North Atlantic and from the presence of
shoals of small 3-spined stickleback in coastal waters, that Gasterosteus aculeatus
can breed in full-strength sea water. However, while the 3-spined stickleback
occurs in marine environments in northern British waters, it appears to be an
essentially freshwater species in the more southern part of its range (Wheeler,
1978). The majority of the catches of 3-spined stickleback, and of freshwater
teleosts in general, were obtained during those winter periods when the
salinity was below 15%O.

It must be recognized that it has been necessary to draw on other data such
as those contained in Wheeler (1978) to provide a life-cycle category for some
species whose numbers were low in the estuary and channel. Thus, for example,
Nillson's pipefish is termed marine estuarine-dependent because it enters
other estuaries in large numbers and the snake pipefish is referred to as a marine
straggler because it is typically found in deep marine waters.

Numbers and ranking of most abundant families and species at Oldbury

The Gadidae was the most numerous of the 29 families collected from Oldbury
over the study period, both with respect to numbers of individuals (51934) and
species (13) (Table 1). While the Cyprinidae ranked second in terms of species
(10), its total numbers (127) were far less than those of the Gobiidae (43 855) which
ranked second in total abundance but contained a smaller number of species (7).
The numbers of the Pleuronectidae represented by three species (14590) and the
Clupeidae with five species (8565) ranked these families third and sixth in total
abundance respectively, while the Percichthyidae and Liparidae, which were each
represented by only a single species, ranked fourth and fifth in terms of total
numbers (10779 and 9900 respectively).
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During the period of the study, the top ten and fifteen species (treating the
P. minutus complex as a single species) amounted to 138047 and 143727 indi-
viduals respectively, values which are equivalent to 940 and 979% of the total
fish catch from Oldbury (Table 2). The numbers of gobies of the P. minutus
complex (42859) and whiting (41471) made a far greater contribution (292 and
282%) to the catch than any other species. Since the above numbers are based
on a 24-hour and once-weekly sampling regime four times a month, they need
to be multiplied by a factor of just over seven to provide an estimate of the total
numbers that would have been collected on the screens if the Oldbury power
station had been working at full load for the whole five-year period.

In each of the five years of this study, the ten most abundant species at Oldbury
contributed between 91 o and 969% to the total catch (Table 2). The P. minutus
complex was always one of the two most numerous taxa and the whiting, flounder,
sea snail and eel always ranked amongst the top ten species. Although the bass
ranked lower than tenth in both 1973/4 a nd 1974/5, it w a s the third most
abundant teleost in 1976/7.

The numbers of each species showed considerable annual variation (Table 2).
For example, whiting ranged from 164 in 1972/3 to 15911 in 1975/6, sea snail
from 509 in 1973/4 to 5045 in 1974/5 and thin-lipped grey mullet and bass from
38 and 82 respectively in 1974/5 to 3348 and 8896 respectively in 1976/7. As can
be seen from these data and those for other species listed in Table 2, no marked
correspondence existed between the years when the minimum or maximum
numbers of different species were recorded.

In terms of relative abundance (Warfel & Merriman, 1944), the flounder always
ranked first or second and the P. minutus complex first, second or third (Table 3).
The whiting ranked equal second in 1975/6 and the bass first in 1976/7. The
contribution of the species ranked first in each year ranged from 142 % in 1975/6
to 173% in 1974/5. The top three species in each year were present in every
month of that year and the top three over the whole study period (sand goby,
flounder and eel) were caught in every month of each year (Table 3).

Seasonal occurrence and length-frequency data for abundant marine species

The numbers of the more abundant estuarine-dependent marine teleosts in the
shallow waters at Oldbury each peaked sharply at one particular time of the year
(Fig. 2). Thus, on average, between 49 and 86% of the annual numbers of sprat,
bass, poor cod, bib, whiting, thin-lipped mullet and sea snail were each caught
in a two month period and the same was true of the herring in 1973/4 and 1975/6.
The precise time at which peak abundance was reached, however, varied among
these teleosts. For example, the greatest numbers were recorded in August and
September for sprat and herring, September and October for bass and poor cod,
October and November for bib, whiting and thin-lipped grey mullet, and
December and January for sea snail (Fig. 2). Even though flounder numbers did
not show such a pronounced peak, 328 % of the total annual catch of this species
was still taken during a two month period (July and August).
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Fig. 2. The mean percentage catch ( + 95% confidence limits) of nine of the most abundant
estuarine-dependent marine teleosts collected in each month from Oldbury-upon-Severn.

The length-frequency histograms for these nine marine estuarine-dependent
species during the two months when they were most abundant at Oldbury
(Fig. 3), emphasize that most of the populations in this period consisted of small
fish. The modal length classes ranged from 40-44 mm in flounder and sprat to
85-89 mm in whiting, with minimum lengths being less than 25 mm in the
flounder, sprat and herring. Analysis of sequential monthly length-frequency
histograms, often in conjunction with an examination of otolith annuli, showed
that the small modal size reflects the dominance of the o + age class (Claridge
& Gardner, 1977,1978; Badsha & Sainsbury, 1978a, b; Gardner, 1978; Claridge
& Potter, 1983, 1984, 1985; Potter & Claridge, 1985). This point is illustrated
by the fact that the contribution of the o + age class to the length-frequency
histograms shown in Fig. 3 was at least 75 % in the case of all species except
flounder. The most striking example of age class dominance was provided by
whiting, where over 99-5 % of the total catch was shown to belong to the 0+ age
class at Oldbury in 1974/5,!975/6 and 1976/7 (Gardner, 1978). The only species
for which the histograms were markedly bimodal at the time of peak abundance
was the thin-lipped grey mullet where the two modes corresponded to the o +
and 1 + age classes (Claridge & Potter, 1985). Fish less than one year old
dominated samples of all species shown in Fig. 3 except sprat and thin-lipped
grey mullet throughout the months subsequent to the time of peak abundance.
A second smaller peak in the abundance of sprat in January and February
(Fig. 2), which was particularly pronounced in some years, was attributable to
the immigration of numbers of larger and older fish (Potter & Claridge, 1985).
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Although there was no second peak in the abundance of thin-lipped grey mullet
in the winter and early spring (Fig. 2), the contribution of the 1 + age class to
the samples at this time in 1976/7, when this species was most abundant
(Table 2), was greater than that of the 0+ age class (Claridge & Potter, 1985).

Flounder
N= 1200

Sea Snail
N = 1133

0 20 40 60 80 100 120 140 160 180
Standard length (mm)

Fig. 3. Length-frequency histograms for nine of the most abundant estuarine-dependent marine
teleosts caught at Oldbury-upon- Severn during the two months when each species reached maximum
abundance.

Recruitment time to shallows of inner estuary

In 1974, the larvae and postlarvae of flounder were first found in plankton hauls
in the Bristol Channel in mid-April (Russell, 1980), approximately nine weeks
before the corresponding 0+ recruits were first collected from the shallows of
the inner estuary at Oldbury (Fig. 4). This time interval is comparable to that
between the mid-points of the periods of maximum abundance of larvae and
postlarvae in the Bristol Channel (mid-May) and of o + recruits in the middle
of the inner estuary (early August). Assuming that in mid-May of 1974, these
larvae and postlarvae were between two and six weeks old, which would be
consistent with the available information on peak spawning time, the flounder
took on average 11-15 weeks to pass from the area where it had been spawned
to the shallows of the middle part of the inner estuary. If spawning commenced
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Flounder

Sprat

Herring

Bass

Poor Cod

Bib

Whiting

Thin lipped
Mullet

Sea Snail

J F M A M J J A S O N D J F
Months

Fig. 4. The duration (single line) and peak period (rectangular area) of spawning (top-SP), and the
occurrence of larvae and postlarvae in the Bristol Channel (middle-LA) and of 0+ recruits in the
shallows at Oldbury-upon-Severn (bottom-o + ) for nine of the most abundant estuarine-dependent
marine teleosts in the Severn Estuary (see Materials and Methods).

as early as the beginning of February in 1974, the first recruits to arrive at Oldbury
in this year would have been approximately 19 weeks old.

The same type of approach for estimating migration times can be applied to
other species for which data on the occurrence of larvae and postlarvae are
available in Russell (1980). Thus, the time between maximum occurrence of
larvae and postlarvae in the channel in 1974 and of 0+ recruits in the middle
of the inner estuary in the same year was 14 weeks for sprat, 12 weeks for bass,
24 weeks for poor cod, 15 weeks for bib, 23 weeks for whiting and 36 weeks for
sea snail (Fig. 4). Assuming again that the larvae and postlarvae were 2-6 weeks
old, the average time taken to develop and migrate to the shallows of the inner
estuary at Oldbury ranged from approximately 14-18 weeks in the bass to 38-42
weeks in the sea snail.

Visual back extrapolation of the length-frequency modes of the o + age class
for herring in 1975 when this species was relatively abundant (Titmus et al. 1978)
suggests that the ' parental' Clupea harengus probably spawned in March/April
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of that year. This view would be consistent with the capture of yolk-sac herring
on the southern tip of Wales in April 1975 (J. Riley, personal communication)
and the fact that spring-spawned herring have been caught in the outer Bristol
Channel (Wood, 1975). Since o + herring peaked at Oldbury at the end of August,
they would have taken on average approximately 22 weeks to pass from their
spawning grounds to the shallows of the middle of the inner estuary (Fig. 4).

60

« /tor-
's

30

1 Twaite Shad
AA

River Lamprey

European Eel

" ^ ^ ^ ^

J A S O N D J F M A M J
Months

4U

0

60

0

40

0

I
Sand Goby
complex

: /

Common
Goby

4̂

Three Spinec
T Stickleback

• 1 1 1 1 1 1 1 1 1 1 1

J A S O N D J F M A M J
Months

Fig. 5. The mean percentage catch (± 95 % confidence limits) in each month for six abundant species
collected from Oldbury-upon-Severn. These comprised the anadromous twaite shad and river
lamprey, the catadromous eel, the freshwater 3-spined stickleback which may spawn in the estuary,
the estuarine common goby and the sand goby complex whose two members may spawn at sea.

Thin-lipped grey mullet was estimated as spawning between May and June and
the o + recruits did not reach peak numbers at Oldbury until early November
(Claridge & Potter, 1978). This species would thus have taken 23 weeks to enter
the shallows in the middle of the inner estuary.

Seasonal occurrence of migratory, freshwater and goby species

As with the above marine teleosts, the sharp seasonal peak in abundance of the
twaite shad was due to movement into the Oldbury area of large numbers of 0 +
fish (Fig. 5). This steep rise in numbers, which took place in August and
September, resulted from a downstream movement of young fish from upstream
brackish or freshwater regions where they had been spawned. By contrast, the
peak in the numbers of another anadromous species, the river lamprey, resulted
from the capture of adults migrating towards upstream breeding areas (see also
Abou-Seedo & Potter, 1979). The presence of a considerable number of river
lampreys between the late summer and early spring (Fig. 5) reflects the long
period when this species enters rivers, and during which the larger' typical forms'
(ca. 320 mm) are gradually replaced by the shorter 'praecox forms' (ca. 240 mm).

Although the abundance of the eel exhibited no clear seasonal trends (Fig. 5),
the silver forms of this catadromous species were obtained in the late autumn and
winter months when they were presumably moving through the estuary towards
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Fig. 6. The total number of species (together with the cumulative number of species) and the mean
daily number offish collected from Oldbury-upon-Severn for each month between July 1972 and June
1977. The total numbers of species and fish obtained in each year (July to June) are also given.

their oceanic spawning areas. The 3-spined stickleback was also present
throughout the year, but numbers rose appreciably during the winter (Fig. 5)
when freshwater discharge was high and salinities were low.

The common goby reached peak abundance at Oldbury in January and
February when on average 48 % of the total annual collection of this species was
taken (Fig. 5). A smaller percentage of the P. minutus complex (36%) was taken
in the two months when they were most abundant (September and October) than
was the case with all other common teleosts except flounder and eel (cf. Figs. 2,
5). This less well-defined seasonal distribution may be due to the fact that the
P. minutus complex comprises two closely related species whose biology differs
in some respects (Claridge et al. 1985).

Seasonal and annual trends in total numbers of species and individuals
The number of species recorded each month from Oldbury showed marked

seasonal variation, reaching a peak in the autumn and early winter and falling to
its lowest levels in the late spring and early summer (Fig. 6). The marked drop
in species number during November, December and January of 1976/7 coincided
with a period of very high freshwater discharge and low salinities. The number
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Fig. 7. Monthly values for species richness, Shannon-Wiener and Evenness indices for the collections
offish taken from Oldbury-upon-Severn between July 1972 and June 1977.

of species caught each year rose from 42 in 1972/3 to 63 in 1976/7, and the
cumulative species number increased from 12 in the first month to 78 by the end
of the study, 90% of which had been recorded by March 1976.

As with the number of species, the total number offish at Oldbury each month
underwent consistent seasonal changes throughout the five years of this study
(Fig. 6). Thus, abundance rose rapidly in the autumn of each year, producing
well-defined peaks in December of 1972, September of 1973, 1974 and 1975 and
October of 1976. A second pronounced peak in January 1975 was attributable
to an exceptionally large influx of sand gobies and sea snails. The numbers offish
were relatively low between February and June of each year.

The maximum mean monthly values for the total number of fish at Oldbury
rose successively each year from 468 per day in 1972/3 to 3771 per day in 1976/7
(Fig. 6). While the total annual catch of fish followed the same upwards trend
in each of the first four years, i.e. from 8740 in 1972/3 to 45987 in 1975/6, the
numbers fell slightly to 40446 in 1976/7. This was attributable to a more rapid
fall in numbers than usual in the winter of 1976/7, at a time of exceptionally high
freshwater discharge and resultant low salinities in the inner estuary (< 6%o). The
numbers of the previously very abundant whiting fell particularly sharply during
this period (Claridge & Potter, 1984).
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The species richness index (D) for the fish community at Oldbury tended to
peak in the winter and trough in the summer (Fig. 7). Similar seasonal trends
were seen with the Shannon-Wiener index (//') and also, but to a much smaller
extent, with the Evenness index (J) (Fig. 7).

DISCUSSION

This study has shown that large numbers of fish, representing a wide range
of species, are taken on the intake screens of power stations in the Severn Estuary
and inner Bristol Channel. Power station sampling has proved particularly
valuable in this area where the harsh environmental conditions make conventional
fishing methods relatively difficult to employ. Samples collected by this method
have also been used with considerable success during recent years to obtain data
on fish communities in various parts of the world (see e.g. Wheeler, 1969, 1979;
Huddart & Arthur, 1971; Gallaway & Strawn, 1975; Mozzam & Rizvi, 1980; van
den Broek, 1979, 1980; Maitland, East & Morris, 1980).

Contribution of abundant species to the fish community

The large contribution made by a limited number of species at Oldbury over
the course of the present study (top ten species = 940%, top fifteen
species = 979%) resembles the situation that has been reported for estuaries in
various parts of the northern hemisphere using samples collected by a variety of
different methods (Livingston, 1976; Hoff & Ibara, 1977; Sheridan, 1983; van
den Broek, 1979, 1980; Wharfe, Wilson & Dines, 1984). The ranking of the top
ten species by relative rather than total abundance, reduces the effect on the
ranking of those species which were present in large numbers for only a short
period of time (Warfel & Merriman, 1944), as it also did in a surf zone fish
community recently investigated by Lasiak (1984). Thus, in each year of the
study, the flounder and eel, which were conspicuous throughout the year but
rarely in vast numbers, always ranked higher by relative than by total abundance.
The reverse situation applied to the sea snail and whiting whose numbers showed
a particularly sharp peak at one time of the year. Irrespective of any differences
in the total and relative abundance ranking of the individual species, the top twelve
species over the whole study were the same by both methods.

Since the species composition and relative numbers of individuals in samples
taken from the shallow waters at Oldbury were essentially the same as those at
Berkeley, such data for the former station would appear to provide a reasonable
reflection of the fish community in the inner estuary. The greater incidence of
elasmobranchs and the conger eel at Berkeley than at Oldbury is almost certainly
related to the presence of deeper water at the former site, while the reverse
situation for plaice (mostly o +), atherinids and the common goby at Oldbury
presumably indicates their preference for shallow water (Wheeler, 1978;
P. J. Miller, personal communication). The much lower frequency of occurrence
of freshwater species at Uskmouth, where only one of the twelve cyprinids found
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in the inner Severn Estuary was recorded, can be attributed to the less-rich
freshwater fish fauna in the Usk compared with the Severn (A. Wheeler, personal
communication) and to the close proximity of this station to the outer Severn
Estuary in which the salinity is always higher than in the inner estuary. The
presence of a much greater number of families and species at Hinkley Point than
at Uskmouth, despite the same frequency of sampling, reflects the greater
diversity of fauna typically found in marine than estuarine environments. This
latter point is further emphasised by the collection of a larger number of families
at Hinkley Point than in the greater number of samples taken from both Oldbury
and Berkeley.

While the structure of length-frequency histograms for the major marine
estuarine-dependent species at Berkeley are also similar to those from Oldbury,
there was some evidence that, at the former station, the mean length of the o +
age class of certain species and also the incidence of older age classes tended to
be greater. This applied, for example, to thin-lipped grey mullet (Claridge &
Potter, 1985), sprat (Potter & Claridge, 1985) and whiting, poor cod, bib and
pollack (Claridge & Potter, 1984). Since the Berkeley Station draws water from
a deeper, mid-estuary position than Oldbury, such differences presumably reflect
the tendency for many species to move away from the shore and into deeper water
as they increase in age and size (see e.g. Parrish & Saville, 1965; Dragesund, 1970;
De Silva, 1973; Arnold, 1981; Chubb et al. 1981; Potter et al. 1983; Poxton,
Eleftheriou & Mclntyre, 1983; Chrystal et al. 1985). Caution must be exercised
in drawing direct comparisons between the total numbers of fish in samples at
Berkeley and Oldbury because of the variable periods over which they were
collected at the former site. However, the views already expressed on patterns
of movement would be consistent with the observation that the total numbers of
each abundant marine species obtained from Berkeley during the period when
the 0+ age class was numerous, rarely approached the very large numbers
collected from Oldbury.

Life-cycle categories of abundant species

An inspection of the types of life-cycle of the fifteen most numerous species
in samples from the inner Severn Estuary shows that two of these are anadromous
and that there are single examples of the catadromous, freshwater and estuarine
category. While more work is clearly required to confirm whether P. lozanoi, like
P. minutus, typically spawns in marine waters in this region, it is evident that the
majority of the dominant species in the Severn Estuary belong to the group
described as estuarine-dependent. Thus, nine estuarine-dependent marine tel-
eosts contributed 61 5 % to the total numbers of the fifteen most abundant fish
at Oldbury during the five-year period. If both P. minutus and P. lozanoi are also
subsequently confirmed as breeding outside the estuary, this percentage value
would increase to 907%.

Estuarine dependent species

Since samples of each of the major estuarine-dependent marine species were
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typically dominated by the o + age class, the shallows of the inner estuary clearly
provide very important nursery habitats. It is thus noteworthy that most of these
species are of commercial value in British waters (whiting, flounder, bass, poor
cod, herring, sprat, bib) and that considerable interest has recently been shown
in the bass fishery off south-western England. However, it must be recognized
that few if any of these species are totally dependent on estuarine habitats to
complete their life-cycle. Indeed, the young of several were found in considerable
numbers in the Bristol Channel and are known to be capable of utilizing marine
inshore areas and sea lochs in other regions (see e.g. Cooper, 1980; Gordon &
De Silva, 1980; Gordon, 1981). At the same time, there would appear to be little
doubt that the destruction of estuarine habitats or the construction of barriers
such as the Severn Barrage (Department of Energy, 1981; Baker, 1984), would
almost certainly have a detrimental effect on the more estuarine-dependent
species.

Movements in the estuary

The marked seasonality in the total numbers of juvenile fish at Oldbury
parallels quite closely the trends recorded for the lower Medway Estuary (van
den Broek, 1979), with abundance reaching a peak during the autumn and early
winter and declining to minimum levels during the summer. The data presented
in our paper have demonstrated that the young of many species enter the nursery
grounds in the middle of the inner Severn Estuary from three to five months after
being spawned in the Bristol Channel. However, there is good indirect and direct
evidence that the early stages of some species enter the inner estuary some weeks
before they are caught at Oldbury. Recent work has shown, for example, that
postlarval bass enter the Tamar Estuary in south-western England between
mid-May and the end of June at a length of 10 mm and move quite rapidly
through the estuary to the point of interface between fresh and salt water (Dando
& Demir, 1985). Likewise, it is evident from the work of Aprahamian & Barr
(1985) that postlarval bass appear in the upper part of the inner Severn Estuary
before small juveniles are taken in the shallows at Oldbury further downstream.
The movement of postlarvae of bass and other species such as eel, flounder, sprat
and thin-lipped grey mullet (P. R. Dando, personal communication) through the
Severn Estuary is almost certainly accomplished through selective tidal stream
transport (Arnold, 1981; Norcross & Shaw, 1984) and/or passive transport
(Fortier & Leggett, 1982). This view is based on the observation that elvers and
the young stages of flounder, plaice and sole select the flood tides to facilitate their
entry into estuaries (Creutzberg, 1961; Gibson, 1973; Creutzberg, Eltink & van
Noort, 1978; De Veen, 1978), while the movement of herring less than 10 mm
through the St Lawrence Estuary has been shown to correspond to the net
upstream movement of passive contaminants of the environment (Fortier &
Leggett, 1982). This last study did show, however, that selective tidal transport
did occur in larger herring. While the absence of fish less than 15 mm in length
in the samples from Oldbury could partly reflect the size of the mesh on the intake
screens, it is worth noting that if such fish were present in the shallows at this
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site some at least would have been expected to have been trapped on the extensive
amounts of brown seaweeds collected on the screens. Moreover, no postlarvae
of any species were obtained during the regular use over a two-year period of a
05 mm mesh plankton net to collect small crustaceans in the water inflow at
Oldbury (Moore, Moore & Claridge, 1979). From the above data, it can be
postulated that the postlarvae of several species are transported in the central
water flow of the Severn Estuary to areas of very low salinity and are subsequently
transported downstream through selective tidal stream transport. It is only then
that they enter the shallows of areas such as Oldbury.

The seasonal patterns of emigration of most of the estuarine-dependent marine
species suggest that they may be influenced by changes in one or more
environmental variables. While there were indications that bass movements may
be related to temperature (Claridge & Potter, 1983), an attempt to regress declines
in the numbers of certain gadoids between successive weeks with changes in both
salinity and temperature yielded no consistent interrelationship (Claridge &
Potter, 1984). However, there was evidence from the latter study that the
numbers of species such as the whiting were influenced markedly by exceptionally
low salinities. The view that the seasonal movements of the estuarine-dependent
species in the Severn are affected by temperature and salinity only under extreme
conditions is borne out by a preliminary study using cluster analysis (Potter,
Claridge & Warwick, unpublished data).

Species diversity indices

The presence in the Severn Estuary of similar seasonal changes in the species
richness, Shannon-Wiener and Evenness indices to those recorded for the
number of species and individuals, parallels the situation recorded for fish in other
fish nursery areas (see e.g. Allen & Horn, 1975), and for fish communities in
estuaries and embayments (McErlean et al. 1973; Gallaway & Strawn, 1975).
However, this is not always the case (see e.g. Dahlberg & Odum, 1970; Hoff &
Ibara, 1977; Shenker & Dean, 1979; van den Broek, 1979; Lasiak, 1984). The
observation that the distinct seasonal cycles in the Severn Estuary fish fauna are
related much more closely with regular migratory movements to nursery areas than
with physico-chemical variations (see previous section), parallels the situation
found in the Patuxent Estuary in Maryland (McErlean et al. 1973). Since the
Evenness Index shows parallel trends to the Diversity Index, differences in the
latter were largely due to changes in the equitability of allotment of individuals,
rather than to differences in the number of species. Although the highest
species-richness values were found in the last two years of the Severn study, the
values for this and the Shannon-Wiener and Evenness indices did not follow the
conspicuous upwards trend observed with the numbers of species and individuals.
This indicates that, although the abundance of fish and species increased during
the study, there was no obvious change in the structure of the community. The
fact that both the minimum and maximum values for the Shannon-Wiener Index
(0-8-2-3) are higher than those recorded for several other fish communities in
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estuaries and marine embayments (Bechtel & Copeland, 1970; Dahlberg &
Odum, 1970; Haedrich & Haedrich, 1974; Allen & Horn, 1975; van den Broek,
1979)3 implies that the Severn Estuary has a relatively more diverse fish fauna
and that the use of intake screens for fish sampling is particularly efficient.

Comparisons with past data on species composition

Our collections from Oldbury and Berkeley yielded 12 marine species, rep-
resenting one family of elasmobranch and six families of teleost not shown in
Lloyd's (1941) total list for the Severn and Bristol Channel region (Table 1). Since
Lloyd referred to the common goby as Pomatoschistus minutus rather than P.
microps, there must be some doubt concerning his identification of these common
gobiids and therefore possibly also his ability to distinguish the crystal goby,
Crystallogobius linearis, from the transparent goby, Aphia minuta. The only two
species which were frequently collected during our study but not recorded by
Lloyd (1941) were the northern rockling and Norway pout. In a recent paper on
gadoids in the region, Claridge & Potter (1984) suggested that the advent of these
two 'northern' species may be related to the reduction in water temperature that
has occurred over recent decades, a feature which is also believed to have led to
their recent appearance and that of blue whiting in other southern waters (Dando,
1975; Southward, 1980; Southward & Mattacola, 1980). Although Lloyd (1941)
recorded 12 marine teleosts from the inner Severn Estuary that were not found
at either Oldbury or Berkeley during the current study, all of these species were
described as rare.

From the above comparisons between our data and those of Lloyd (1941), it
would appear that the only evidence of a conspicuous change in the composition
of the fish fauna of the Severn Estuary since the earlier decades of this century
is the introduction of the northern rockling and Norway pout. Since the rise in
abundance of these species can be related to climatic changes, there is no obvious
indication that the introduction of contaminants or increased urbanization have
had a marked effect on the composition of the fish fauna of the estuary. This
parallels the situation already described for the invertebrate fauna (Mettam,
1979)-
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