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SUMMARY

Eight Stages were assigned to post-larval Lanrpetra planeri 

on the basis of their morphology and time of capture in 

three different rivers: River Honddu, South Wales; Highland

Water, New Forest and a tributary of the River Wylye, Wiltshire. 

During transformation (Stages I - V), the ammocoete changed to 

resemble an immature adult while further gradual modifications 

culminated in maturity the following spring. Transformation 

was initiated at different times at the three sites, in an 

inverse sequence to the time of pawning. The post-larval 

period was therefore longest in the River Honddu and shortest 

at Longbridge Deverill.

Measurement of total length and body intervals revealed 

differences in the development of the sexes. Thus, while 

females were longer at the onset of transformation., the 

position was generally reversed by spawning due to greater 

extension of the male prebranchial region and less shrinkage 

posterior to the cloaca. By this Stage, the males also had 

a relatively larger disc and a higher posterior dorsal fin.

They were slightly more numerous than females at transformation, 

but comprised up to 80% of spawning catches.

The water content of transforming animals from all three 

sites was approximately 72% but increased greatly at sexual 

maturity, with females having the highest values of up to 87%. 

The weight of lipid declines to approximately half its initial 

value by the prespawning Stage (Vl) while spent females retain 

less than 20%, a feature possibly correlated with their 

considerable loss of post-cloacal volume. In males,' these 

trends are not so marked.



(iii)

Cinemicrography shows that the branchial basket contracts

in synchrony with the backward stroke of the velum. When 
the velum beats in the absence of detectable branchial 
movements it probably acts as a pump, but its main function, 

especially under reduced oxygen tension, is to act as a valve 

increasing the efficiency of pharyngeal pumping.
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1. INTRODUCTION

A . The Agnatha

Lampreys are of considerable phylogenetic significance since, 
together with the hagfishes, they are the sole extant representatives 

of the Agnatha, the most primitive vertebrates» Despite a 
superficial resemblance to eels, these two agnathan groups are 

clearly distinguishable from all other living fishes by, amongst 
other characters, the absence of true jaws and paired fins.
Although the lamprey (Petromyzoniformes) and hagfishes 

(Myxiniformes) have several other features in common, such as 

the possession of a multicuspid 'tongue' or piston and. a 

monomeric haemoglobin, and an absence of scales and internal 

ossification (Hubbs and Potter, 1971), many palaeontologists 

consider that these two groups diverged early in vertebrate 

evolution (see Ileintz, 1963)° Such a view would be consistent 
with their vastly different life cycles. The hagfish has no 

lar\̂ al phase and is exclusively marine, whereas the lamprey has 

a conspicuous metamorphosis and is adapted to freshwater, with 

the movement of anadromous species in to sea water involving 

physiological mechanisms acquired later in evolution (Morris, 1972)» 

The question of the origin of the two groups has been the 
subject of much recent discussion following the re-examination 

by Ritchie (l968) of the Silurian fossil Jamoytius kerwoodi»
This animal was far less heavily armoured than the majority 
of other ostracoderms and, according to Ritchie, could have been near 
to the point of divergence of the stocks that lead to the 

contemporary lampreys and hagfishes» Although there has been 
little dispute that lampreys evolved from an anaspid stock



(Kiaer, 1924; Stensio, 1932, 1968; Jarvik, I960; Heintz, 1963), 

the same cannot be said for the hagfishes where, contrary to the 

cephalaspid origin proposed by most workers, Stensio (1932, 1968) 

regards the basal stock to have resided in an heterostracan 

ancestry. The eventual resolution of this argument lies partly 

in deciding whether the Heterostraci with a double nostril could 

have given rise to the hagfishes with their single nasal 

aperture.

Interest in the phylogeny of lanpreys ha.s also been aroused 

by the recent discovery in the Pennsylvanian fauna of Illinois 
of the first fossil representative of this group (Bardack and 
Zangerl, 1968, 1971)* This species, Mayomyzon pieckoensis, 
possessed the first functional tongue to be found in a fossil 

agnathan and was remarkably similar in its general appearance to 

living lampreys. It differed in reaching a metamorphosing or 

adult condition at a smaller size than contemporary species 

and by lacking teeth on the buccal disc, which in turn was less 
well developed than in present day parasitic lampreys. These 

features indicate that lanpreys have had a relatively conservative 

history for a long geological period although the predaceous habit 
has probably become accentuated during this time.

Hi is uncertainty about the relationship of the lampreys and 
hagfishes has been at the root of much of the taxonomic disagreement 

regarding their classification. Berg (1940), recognising their 
marked affinity with fossil agnatha and their divergence from each 

other, abandoned the Class Cyclostomata (Cyclostomi, Marsipobranchii) 

and elevated each of the Orders Hyperoarfcii (lampreys) and 
Hyperotreti (hagfishes) to separate classes on equal rank with the 
fossil Cephalaspides (cephalaspids and anaspids) and Pteraspides.



Although subsequent systematists have tended to follow 

this arrangement (e.g. Lindberg and Legeza 1959? Adam and 

Strahan, 1963)? there still appears to be some merit in 

retaining the informal name cyclostome for the two extant 

jawless vertebrate groups (Hubbs and Potter, 1971)*



B. The Petromyzoniformes

During the last fifteen or so years, work on Southern 

Hemisphere lampreys has helped elucidate the taxonomy and determine 

the factors affecting the distribution of the Petromyzoniformes.

The tripartite scheme for the living representatives adopted by 

Potter and Strahan (1968) has been followed by Hubbs and Potter 

(1971), although these latter authors, on the basis of new 

morphological, cytogenetic and electrophoretic evidence, elevated 
each of the groups to familial status. Thus, all holarctic 

species are placed in the Family Petromyzonidae while the two 

Southern Hemisphere genera are allocated to the Families 
Geotriidae and Mordaciidae respectively.

Although such characters as myotome numbers and proportional 

body measurements have often been used to distinguish between 

species (Hubbs and Trautman, 1937j Vladykov, 1955? Vladykov 
and Follett, 1958? 1965? Potter and Strahan, 1968), distinction 
at the generic and higher levels has almost entirely resided in 

an analysis of differences in dentition (Vladykov and Follett, 1967? 

Hubbs and Potter, 1971)° In the last of these two studies, a 

phylogeny was suggested in which the basic alate pattern of the 

tooth rows of the primitive genus Ichthyomyzon was seen to be 

gradually modified in later derivative groups and lineages» This 

scheme was accompanied by a scale showing the approximate lengths 

attained by each species, illustrating that parasitic species 

which reach a large size rarely have a closely related non

parasitic or brook lamprey species represented in the present 

fauna. This is exemplified by the absence of brook lampreys 

in the monotypic genera Petromyzon, Caspiomyzon and Geotria, 
and by the fact that there are only a few isolated populations



of Lampetra (Entosphenus) lethophaga, Hibbs, 1971? the sole 

nonparasitic species related to the abundant Lampetra (Entosphenus) 

tridentata.

On the other hand, anadromous and freshwater parasitic species, 

which do not achieve sizes comparable to those of the typical 

representatives of the lampreys mentioned above, often have one, 

and occasionally two, closely related nonparasitic species occupying 

the same geographical region. Examples of these species which do 

not feed after the commencement of metamorphosis are particularly 

evident in the genera Ichthyomyzon, Tetrapleurodon and Eudontomyzon, 

as well as in Lampetra by the subgenera Lethenteron and Lampetra. 

Furthermore, the presence of 'paired species' (Zanandrea, 1959a) 

comprising a closely related parasitic and nonparasitic species 

has also recently been recorded for the first time in the Southern 

Hemisphere (Potter, 1968). The interrelationships of species 

with these divergent life cycles and the difference in their 

pattern of development are discussed in the next section (lC).

With respect to their distribution in the Northern Hemisphere,

lampreys are generally found northward of the 2C°c annual isotherm,

although the presence of Tetrapleurodon in Mexico appears to refute

this generalisation. This genus is found, however, in high

altitude lakes and rivers (Alvarez del Villar, 1966) subjected to

much lower tenperatures than coastal waters on the same latitude»

Temperature also appears to be the factor limiting the distribution

of Southern Hemisphere lampreys since in South America and
o oAustralia they are found no further north than 33 and 32 S 

respectively (Potter and Strahan, 1968). Thus, the lampreys, 

like the hagfishes (Fontaine, 1958? de Buen 1961; Adam and



strahan, 1963) have an anti-tropical distribution. Although, 

on the basis of their high densities in estuarine regions and in 

the reduced salinity of the Baltic Sea, Bahr (1952) and Sterba 

(1962) suggested that the distribution of Lampetra fluviatilis 

might be restricted by high salt water concentrations, this 

factor does not appear to have a universal effect. For example, 

Caspiomyzon wagneri is found in the Caspian Sea where salinities 

are in the region of 150 °/oo (Lanzing, 1957). In contrast to 

this situation, however, there is little doubt that at no stage 

can any brook lamprey species osmoregulate in full strength 

sea water (Hardisty, 1956).



c. Spéciation of nonparasitic lampreys

Theories on the spéciation of lampreys owe much to the 

stimulus provided hy Huhhs’ ( 1925) analysis of the interrelationships 

between closely related species and to the classic studies of 

Weissenberg (1925, 1926, 1927). The first of these investigations 

promoted the concept that the nonparasitic lampreys are derived 

from parasitic species that are still in most cases represented in 

the contemporary fauna (Hubbs and Potter, 1971 )• This view is 

almost universally held by all systematists, although recently 

Piavis, Howell and Smith (l970) produced the alternative view
point that spéciation occurred in the reverse direction. However, 

the validity of such a proposition seems highly unlikely in view of 

the fact that the dentition of nonparasitic lampreys follows an 

almost identical pattern to that of closely related parasitic 

species (Hubbs and Trautmann, 1937; Zanandrea, 1957? 1961 ;
Vladykov and Follett, 195#? 1965? Potter, Lanzing and Strahan,

1968; Hardisty, Potter and Sturge, 1970) in which it appears to 

be a primary adaptation to a predatory mode of life. The same 

also appears to be true of the anticoagulant properties of the 

buccal gland secretion (Gage and Gage Day, 1927? Gage, 1928;

Lennon, 1954) which have also been found in brook lampreys 

(Baxter, 1956). For these and other reasons, it will be assumed 

that Hubbs' original hypothesis is valid.

Weissenberg's great contribution was to illustrate the 

divergence in the pattern of development during the metamorphosis 

of paired species. He demonstrated clearly that massive gonadal 

enlargement and maturation took place in brook lampreys during the 

immediate post-larval period, culminating in the production of



fully mature gonads in the following spring. By inference from 

the limited number of L. fluviatilis at his disposal, no such 

marked development took place over the comparable period (Fig. 1). 

This point is best illustrated by the fact that vitellogenesis 

is initiated in L. planeri within a few weeks of the onset of 

metamorphosis but does not take place in L. fluviatilis until 

after the completion of the downstream migration and the assumption 

of parasitic feeding (Hardisty and Potter, 1971C) The studies of 

Hardisty, Potter and Sturge (1970) confirmed Weissenberg's studies 

and showed that the oocytes of the two species were almost identical 

in size at the onset of transformation and that little enlargement 

occurred during the metamorphosis of L. fluviatilis (see also 

Hardisty and Potter, 1971C). Likewise, although there was a 

burst of mitotic proliferation in the testis of L. fluviatilis 

and L. planeri at the commencement of metamorphosis, this soon 

abated in the former species. With respect to ovarian development, 

an almost exact parallel was found in Australian representatives of 

' the genus Mordacia. Thu^ the eggs of the nonparasitic M. praecox 

were slightly larger at the onset of transformation than those of 

the parasitic M. mordax^but some enlargement (c. 20-30 ym) did 

occur in this latter species before the migration to sea.

In developing the approach of Weissenberg, Hardisty (1964) 

was able to demonstrate that there was a highly significant 

difference between L. fluviatilis and L. planeri in their absolute 

fecundity i.e. the number of eggs present in a mature individual. 

While this is hardly surprising in view of the vast difference in 

body size and the massive oocyte atresia found in brook lampreys, 

his meticulous studies (Hardisty, 1961a, 1963, 1964, 1965, 1970) 

extended to the larval phase showed there was also a significant



difference in what he termed their potential fecundity i.e. the 

number of oocytes in the larger ammocoetes after the period in 

which the presumptive gonad had become clearly differentiated.

This is, in turn, correlated with a slightly later onset of 

ovarian differentiation in the larval gonad of the brook lamprey. 

Unfortunately, with respect to the testis, .Hardisty, Potter and 

Sturge (1970) were unable to confirm Weissenberg's suggestion 

that a difference could be found in the number of testis lobules 

of early metamorphosing stages, thereby precluding the use of 

such criteria for the separation of male ammocoetes. Although 

Hughes and Potter (1969) did not examine the testis of Mordacia 

spp. in a similar quantitative way, a subjective assessment 

indicated a similar situation. In the females of Mordacia, as in 

Lampetra spp., differences in potential fecundity must exist 

between the larvae of the parasitic and nonparasitic species as 

significantly different values were obtained for oocyte numbers 

in comparable transverse sections of early transforming stages.

From these data, it can be clearly seen that although the 

larvae of nonparasitic species are similar to those of their 

parasitic counterparts, they differ in the phasing of gonadogenesis 

and in their potential fecundity. The really cinoial divergence 

in the life cycle is seen, however, after the transition from 

the larval stage, when the brook lamprey has an abbreviated 

adult phase during which gonadal development is rapid and no 

feeding takes place.

During recent years, further biological information has 

helped elaborate on some aspects of these divergent life cycles.

In 1970, Hardisty and Huggins reported on a population of larval
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and metamorphosing Lampetra fluviatilis in the River Teme 

(a tributary of the Severn) which showed every indication of 

being virtually uncontaminated with L. planeri. As neither 

scales nor otoliths are present in lampreys, the age of the 

individuals had to be assessed on the basis of length-frequency 

curves. The first sample to be investigated showed a remarkably 

clear-cut series of modes from which the authors were able to 

ascertain with reasonable certainty that the average duration 

of larval life was at least three years, and that there was in 

all probability a further year spent as an ammocoete during 

which time little or no further increase in length took place.

The trimodal situation parallels almost exactly that found in 

Russian rivers by Frivolnyev (1964), whose data can be interpreted 

as yielding the same larval life span. The mean length of the 

metamorphosing individuals and downstream migrants from the River 

Teme was approximately 100 mm (Hardisty Potter and Sturge, 1970

I Hardisty and Huggins, 1970; Potter and Huggins, 1973), a much
t
lower value than that observed in L. planeri in other British 

rivers (Hardisty, 1961b, Hardisty and Potter, 1971a,c). Further

more, the length-frequency data for L. planeri showed more modes 

during the la.rval phase, although the growth rate was similar to 

that of L. fluviatilis. By comparing the data, Hardisty and 

Potter (1971a,c) came to the conclusion that L. fluviatilis 

spent on an average 4'4 years as a larva, whereas in L. planeri 

this period was extended to 6^ years. Although there have been 

few attempts to estimate the duration of the parasitic phase of 

L. fluviatilis, Zanandrea's (1959b) studies in the Mediterranean 

indicate that it lasts for 1-̂- years (Hardisty and Potter, 1971b).
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The total life cycle of L. fluviatilis is thus comprised of 

44 years as a larva, 9 months as a, metamorphosing individual,

1-J- years as a predator and 6 months as an upstream migrant, 

making a total of 7 years (Fig. 1). Since L. planeri takes 

9 months to reach maturity from the time it enters transformation, 

the life cycle is of apparently the same duration as that of its 
presumed ancestor (Fig. 1).

The extension of the larval phase in L. planeri may have 

significance in allowing for the production of an animal large 

enough to cope with the problems of the upstream migration 

prior to spawning and also in facilitating the deposition of 

extensive lipid stores essential for maintenance and gonadal 

development during the subsequent non-trophic period (Hardisty 

and Potter, 1971a)• These authors go on to suggest that the 

evolution of nonparasitic species may have been more easily 

achieved by a simple change in the phasing of metamorphosis 

than by the abbreviation of the total life span.

Another trend in the spéciation of brook lampreys has been 
for the loss of sharpness in many of the tooth series. Hubbs 

and Potter (l97l)j were in fact able to show that the various 

nonparasitic lampreys could be categorised with respect to the 

degree of degeneracy of the dentition and the number of cusps 
present. Thus, some species have only slightly blunted teeth 

and an increased number relative to their presumed ancestor, 

whereas others have a highly degenerate and reduced dentition.

It was proposed that nonparasitic species had evolved at various 

times with the species showing most degeneracy having the 

greatest antiquity. In this context, it is worth noting that



FIG 1 The relationship between gonadal development and life cycle 

in the parasitic Lampetra fluviatilis and its presumed nonparasitic 

derivative L. planeri (Modified from Hardisty and Potter, 1971 b.c)
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many of the more northern of holarctic hrook lampreys have 

dentition very closely resembling that of their ancestral 

parasitic type= On this basis, Hardisty and Potter (l971c) 

suggested that the evolution of such species as L. planeri may 

have taken place as recently as the end of the Pleistocene in 

response to selection pressures invoked by the formation and 

disruption of river systems at that time»
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D. Morphology and sex ratios

Populations of L. planeri have been shown to display 

considerable variation in the mean lengths of their fully 

mature individuals, a feature which Zanandrea (1961) attributed 

to differences in the temperature regimes and the amount of 

food available at the sites occupied during the lair/al phase.

There has, however, been no detailed study of the weight and 

length of brook lampreys from the onset of transformation through 

to the spawning condition. While, in parasitic lampreys, losses 

during the spawning run have been recorded by a number of authors 

(Cotronei, 1927, 1929; Ivanova Berg, 1933; Larsen, 1962, I965), 

the only comparably investigated metamorphosing period has been 

that of the landlocked P . marinus (Wigley, 1959; Manion and 

Stauffer, 1971; Beamish and Potter, 1972). Although there is 

a weight loss in both nontrophic phases, the metamorphosing Sea 

Lamprey actually undergoes a significant increase in length, 

attributable to the massive enlargement of the preorbital region 

during the development of a buccal disc preparatory to the onset 

of the parasitic mode of life. In spite of the documentation of 

these changes in body intervals and their significance in taxonomic 

keys, no studies have followed the trend of such alterations
Ï

during the metamorphosis of L. planeri.

V/hereas extensive use has been made of proportional body 

measurements as a taxonomic character at the species level 

(Hubbs and Trautman, 1937; Vladykov, 1955; Vladykov and Pollett, 

1958, 1965), such criteria have almost invariably been applied 

only to the maturing or spavniing adults. Furthermore, such 

studies have only rarely employed statistical methods to quantify 

the variation in these parameters (Potter, 1968; Potter, Lanzing
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and Strahan, 1968; Hardisty, Potter and Sturge, 1970) and even 

less commonly to ascertain the level of possible differences 

between sexes and populations. Even in the classic investigation 

on Ichthyomyzon by Hubbs and Trautman (l937), the data from males 

and females was pooled in their table of recorded measurements.

The studies of Vladykov (l955) and Vladykov and Pollett (1958,

1965) did; however, present their values separately for the species 

Lampetra zanandreai, L. richardsoni, L. ayresii and L. planeri, 

and these indicated highly significant differences between males 

and females in the proportional lengths of the disc, prebranchial 

and tail regions. Even so, these differences are not as marked 

as those found in the mature specimens of the Southern Hemisphere 

genera Mordacia and Geotria, where the disc of the male exhibits 

a far greater enlargement than in any holarctic species (Potter 

and Strahan, 1968). A particularly interesting aspect of these 

studies is that in contrast to this marked divergence in sexual 

dimorphism at maturity, the two sexes are remarkably similar at 

the onset of their spawning run (Potter et al., 1968).

In his comprehensive studies on sex ratios in L. planeri 

Hardisty (l96lc) found that there was always an excess of males 

in spawning populations, a feature most marked in years of high 

abundance. He suggested that this may be attributable to a 

partial differential in the respective age classes of males and 

females that contributed each year to the transforming stock, 

a view supported by the greater proportion of females to males 

among the larger larvae (Hardisty, 1961c, 1965). Thus, in years 

of large spawning assemblages, it was envisaged that a relatively 

greater number of males one year younger than the average 

metamorphosing age would have entered transformation the previous



Ty

summePo In this context, it is perhaps significant that in 

his study on the Worth American hrook lamprey Ichthyomyzon 

fossor, Churchill (1946) showed that adult females were longer 

than the maleso However, as Hardisty (l96lc) has suggested, 
there may also he a differential sex mortality between 

transformation and spawning but this point has not been tested 

in analysis of sex ratios in sequential catches made throughout 

this period.
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E. Lipid Content

As has been previously pointed out, nonparasitic lampreys 

do not feed after the commencement of transformation and 

metamorphosis into a fully mature adult, may, in some species, 

take as long as nine months. It thus appears essential that 

food stores should be accumulated during the larval phase to 

enable the animal to cope during this subsequent lenghthy 

non-trophic period, not only with the problems of general 

maintenance, but also with the maturation of the gonads, the 

upstream migration and spawning activity* Wo study has, however, 

been devoted to this aspect of the biology of nonparasitic lampreys, 

although, in some respects, there are parallels to be drawn with 

the situation in adults of those parasitic species that embark 

on long spawning migrations. In this context, Tilik (1932),

Hardisty (1956), Wikolskii (1961) and Bentley and Pollett (1965) 

showed that there was a decline in the 'fat' store during the 

migration, and Wikolskii (1963) demonstrated that the amount of 

lipid stored by different species was proportional to the distance 

from the river mouth to the spawning grounds.

There are, however, important fundamental differences between 

prespawning parasitic and nonparasitic lampreys. Por example, in 

the paired species of Lampetra found in British rivers, L. fluviatilis 

commences its spawning migration in the autumn at a time when the 
yolky oocytes measure approximately 5OO ym in diameter and the 

testis lobules are well developed, containing both spermatogonia 

and spermatocytes (Weissenberg, 1927; Lanzing, 1959; Hardisty, 

Rothwell and Steele, I967). In L. planeri on the other hand, 

transformation, which in this species initiates the pre spawning 

phase of maturation, occurs in August, at which time the oocytes



have not yet undergone vitellogenesis and measure little more 

than 100 y m, while the testis is a simple fold projecting from 

the mid-dorsal region of the body cavity and consisting of a 

few lobules each with a small number of spermatogonia (Hardisty 

afc ad_ 1971)' Thus, although both species occasionally spawn 
at the same time and place in the spring (Huggins and Thompson,

1970) when the river temperatures reach 11°C (Hardisty and 

Potter, 1971b), a far greater relative degree of gonadal development 
occurs during the proceeding months in L. planeri. Since the 

oocyte atresia accompanying metamorphosis in brook lampreys is 

very extensive (Weissenberg, 1927), the products of this process 

may in themselves act as an energy source during this non-trophic 
phase (Hughes and Potter, 1969).

Differences in the behaviour of the two species may affect 

the amount of lipid tha/fc has to be laid down. Whereas the 

nonparasitic species apparently retains the burrowing habit of 
the larva until just before spawning, the upstream migrant 

L. fluviatilis is active over a longer period and lies under 

cover during the day rather than entering the substrate*

Another feature that may also have some relevance in terms of 

lipid storage is the different food ingested by ammocoete and 

adult. The larvae rely on microorganisms, in particular diatoms, 

while the adults of parasitic species utilise the body fluids 

and muscle tissue of host fishes.

Although no analysis has been made of the proximate body 

composition (see Love, 1970) of brook lampreys, the protein, lipid, 

water and ash contents of larval and metamorphosing stages of the 

landlocked parasitic lamprey, P. marinus, have been estimated 

(Lowe, Beamish and Potter, submitted for publication). As in
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Hardisty's (1956, 196Tb) studies on lar-ral L* planeri, a 

correlation existed between high lipid storage and the density 

of phytoplankton. During the final year of larval life,

P. marinus ceased to show any significant increases in length,

I this period apparently being used to build up lipid reserves

! which then underwent rapid depletion during the nontrophic phase
I

of metamorphosis. Here again, care should be exercised in 

drawing a parallel between L* planeri and P* marinus as these 

two species have life cycles showing a marked divergence from 

the onset of metamorphosis. In comparison with the situation 

in the brook lamprey, the landlocked Sea Lamprey generally has 

a relatively far shorter metamorphosis of about four months only 

before moving to the lakes where feeding commences (Beamish 

and Potter, 1972). Furthermore, judging from the sections seen 

in Applegate and Thomas (1965), this phase is accompa,nied by 

little or no gonadal development.



F. Feeding and respiratory movements in ammocoetes

The work of Greaser and Hann (1929) indicated that 

diatoms were the principle component of the ammocoete diet, 

although they suggested that the relatively small number of 

protozoa in the gut may have been due to their rapid digestion. 

Despite the fact that some workers have found other unicellular 
plants and animals in the guts of larval lampreys (Leger, 1920; 

Schroll, 1959; Alvarez del Villar, 1966; Manion, 196?; Moore 

and Beamish, 1973),all these authors confirm the importance of 
diatoms in the diet. This view is supported by their high 

relative abundance in the surrounding water and on the substrate 

surface (Manion, 1967; Moore and Beamish, 1973). Although' 

there has been some disagreement as to whether ammocoetes feed 

selectively and take in variable quantities of detritus (Schroll, 

1959; Sterba, 1962), more recent studies suggest that there is 
little or no preference for the smaller solitary unicellular plants, 
but filamentous and episammic forms tend not to be ingested, 

presumably because of their larger size (Manion, 1967, Moore and 

Beamish, 1973). The observations of the latter authors also 
showed that during the summer the number of diatoms in the gut and 

their rate of digestion was three times greater than in larvae 

of comparable size in the winter.

The water flow entering the branchial chamber of lar\’’al 

lampreys supplies both the oxygen and the food requirements of 

the animal. It passes in through the oral hood and out through 

the seven pairs of gill apertures along the sides of the pharyngeal 

chamber (Randall, 197%) « The food organisms are collected on a 

mucus strand, originating from the cells of both the hyoid arch 

region and the endostyle (Sterba, 1953, 196%), and passed
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backward to the gut (Wewth, 1930)* In an attempt to explain 

his findings on selectivity, Schroll (1957, 1958) showed that 

various materials were differentially agglutinated by these 

mucus tracts. There can be little doubt, however, that there 

are no such differential effects with respect to diatoms of 

comparable size although an upper limit on size would be 

imposed by the gaps between the branched cirrhi at the rear 

end of the oral hood.

While the pumping of water is obviously a function of the 

contraction and expansion of the branchial chamber, the role of 

the velum has never been fully analysed* It is hot known 

whether it acts as a pump, an important point as this structure 

has been observed moving backwards and forwards in the absence 

of any detectable branchial movement (Potter, Hill, and Gentleman, 

1970)0 Furthermore, there is some disagreement as to the

interrelationships between the rate of movement of the velum 
and branchial basket* In L* planeri, Sterba (1953, 1963) and 
Schroll, (1959) observed the velum moving at a faster rate and 

out of phase with the branchial basket, whereas in Ichthyomyzon 

Hubbs Potter et (1970) found their movements to be synchronous. 

These latter authors also found that clearly detectable pharyngeal 

and velar movements were most clearly observed at low oxygen tensions
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G. Objectives of this investigation

The initial aim of this thesis was to study the food of 

larval lampreys of the genus Lampetra and to relate this to the 

feeding mechanism of the ammocoete. However, after this study 

had been underway for nearly a year, it was found that, with 

respect to diet, Mr. J. Moore was carrying out a virtually 

identical project on Petromyzon marinus and Lampetra lamottenii 

(see Moore, 1972; Moore and Beamish, 1973). The emphasis was 

therefore changed towards the non-trophic phase of the nonparasitic 

lamprey, Lampetra planeri, although cinematographic studies on the 

mechanisms involved in the respiratory and feeding current were 

continued in an attempt to resolve some of the problems outlined 

in Section 1F.

In view of the lack of comprehensive documentation of the 

pattern of the various morphological changes that take place 

during the post-larval development of L. planeri, this study
I has attempted to construct a, recognisable series of stages
I
based on qualitative and quantitative criteria. This is of 

fundamental importance to concurrent investigations on lipid 
storage and utilisation, and it will also enable subsequent

workers in other fields, such as cytology and biochemistry, 

to assign a stage of development to their individuals. Furthermore, 

it can act as a basis for detailed comparisons with metamorphosing 

L. fluviatilis, particularly relevant in the case of the early 

transforming animals which are so similar in their general 

appearance. Thus, a comprehensive picture of the moiphology 

of L. planeri from rivers where L. fluviatilis is;absent, may 

be of use to distinguish this parasitic species, which occurs 

almost invariably in populations contaminated with its brock
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lamprey derivative. It will also be possible during the course 

of this investigation to establish whether the conspicuous 

sexual dimorphism apparent at spavming is preceded by the 

development of any other morphological differences earlier 

in metamorphosis.

Since populations of L* planeri from different rivers ' 

might show slight variation in their morphological characteristics, 

three rivers were selected which diverged in their biotic and 

physico-chemical environment. Against the pattern of morphological 

development in these rivers, attention could then be focussed on 

other aspects of the biology of this species. For example, how 

much lipid does the animal store during its larval phase to 

meet the requirements of the subsequent extensive non-trophic 

period; at what rate is this utilised during metamorphosis, 

and is the depletion associated with a detectable change in any 

region of the body? Is there a difference between animals 

from contrasting areas and, if so, is this correlated with the 

productivity of the stream and the size of the animal at 

transformation? Since the testis and ovarian development almost 

certainly have different energy requirements, is this reflected 

in the amount of lipid stored by the male and female? In 

addition to attempting to answer these questions, information 

would be obtained on the possible role of temperature in the 

timing of metamorphosis and spawning, and on a possible differential 

sex mortality during post-lar\'-al life.
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2. MATERIALS AWD METHODS

Ao Collection of animais, morphometry and staging

Larval and metamorphosing animals were collected from the

three different rivers (for details of rivers see section 3A)

hy means of a Marine Electrics pulsed A.C* electric fish shocker. 

Animals which had emerged from the substrate and were engaged 

in spawning activity were gathered carefully from the redds in 

a fine-meshed net. This process involved moving the net slowly 

upstream until it could be quickly scooped along the bottom surface 

of the nest and out of the water. With practice, it was often 

possible to extract all the animals in a breeding assemblage.

During the spawning season of 1972, the sex ratios of the 

animals in a number of redds were estimated immediately after 

their capture in the field* In all other cases, the animals 

were brought back live to the laboratory where they were 

anaesthetised in a dilute solution (lg in 1000 ml) of MS 222 

(Sandoz), care being taken to keep them under anaesthesia for as 

short a time as possible. After quickly and lightly rolling 

each animal in absorbent tissue, its wet weight was measured 

to the nearest mg. The individual was then transferred to a 

glass plate moistened with water to reduce surface tension and 

positioned alongside a ruler*

The total length and certain body intervals (Pig. 2) were 

then recorded using a modification of the method discussed by 

Potter, Lanzing and Strahan (1968),

Measurements

All the body interval measurements are expressed as an actual 

measurement (mm) and as a percentage of the total length of the animal
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Total Length (TL)o The distance from the anterior edge 

of the disc (or disc rudiment) to the termination of the caudal fin, 

Disc Length (d)o The length of the disc (or disc rudiment) 

in its relaxed positiono

Length of preorhital region (d - O). The distance from the 

anterior edge of the disc (or disc rudiment) to the centre of the 

eye (or eye rudiment).

Length of prehranchial region ( d - D^). The distance from 

the anterior edge of the disc (or disc rudiment) to the anterior 

edge of the first gill openingo

Tail length (a - c). The distance from the posterior edge 

of the cloaca to the termination of the caudal fino

Postcloacal depth (Pcd). The depth of the "body measured 
immediately behind the cloaca, but excluding any protrusion of 
the cloacal region or upward swelling at the base of the dorsal 

fino

Postcloacal width (Pcw)o The width of the body measured 

immediately behind the cloaca.

Height of posterior fin (hD^). The vertical height of the 

posterior dorsal fin at its highest pointo

After measurement, all animals (apart from the spawning 

individuals in which the secondary sexual characteristics clearly 

identified the sex) were cut open ventrally to ascertain whëther 

ovary or testis was present»

During the metamorphosing period of 1970? representative 

samples were preserved in 10^ formalin and used subsequently 

for constructing a tentative scheme for the various stages. In 

the following year, close examination of both living and



preserved material enabled a series of stages to be delimited 

using quantitative criteria in conjunction with a subjective 

assessment of the general morphology and shape of the animal,
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E. Lipid estimations

Owing to the lack of sufficient Soxhlet apparatus and to 

the problems of obtaining an homogenate of whole dried lamprey 

that could be centrifuged satisfactorily, the following technique 

was developed for the extraction of lipid from larval, 

metamorphosing and adult individuals,̂ \c\9q\

Immediately after recording their measurements and sex, 

individual animals were placed in 3 x 1" plastic tubes which were 

then sealed with stoppers and placed in a deep freeze at -20°C. 

Prior to analysis, the stopper was loosened and the tubes placed 
in a freeze drier for at least 48 hours to allow the animals 

to reach constant weight. The tubes were immediately restoppered 

and placed in a dessicator containing silica gel. (The water 

content of the animal was determined from its weight at this 

stage which was recorded to the nearest 1 mg.) The dried tissue 

was placed in a shallow spouted dish and cut in to 1 mm thick

slices which were then washed in to a glass homogeniser tube 
(50 ml) with approximately 20 ml of absolute methanol, and 
macerated for 1 mine on an MSE top drive homogeniserc With the 

homogeniser still running, the sides of the vessel were sprayed 

from a wash bottle with 3:1 chioroform/methanolo This procedure 

allowed for the initial rapid evaporation of methanol and gave 

a resultant chloroform/methanol ratio closely approximating to 

2:1 for the subsequent and final two minutes of homogenisation.

It was found that the initial treatment with absolute methanol 

alone was essential for a subsequent successful centrifugation 

which could then be performed at 3,000 rpm for 15 rain. Without 

such prior treatment, separation could not be performed
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satisfactorily even through employing 18 ,000 rpm for the same 

length of time.

The supernatant was transferred with a Pasteur pipette 

to a 100 ml flat-hottomed Quick Pit flask* The solid remaining 

in the centrifuge was'shaken thoroughly for 30 sec in 50 ml 

of absolute methanol using an MSE vibrator»mixer before adding 

3:1 chloroform/methanol to yield again an ultimate 2:1 ratio. 

This mixture was centrifuged for 15 mine and the resultant 

supernatant added to that obtained previously. Preliminary 

tests showed that thefe was little point in repeating this 

procedure as virtually no further lipid"could be extracted*

Solvent was removed from the supernatant in a Buchi 

rotary evaporator, a procedure that generally took approximately 

6 mins. To ensure absolute dryness of the lipid, the sample 

was placed in the freeze- drier overnight before recording the 

final weight.
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c . Cinematography of velar and pharyngeal movements

An accurate assessment of the interrelationship between 

the velum and pharynx is dependent on the design of an apparatus 

that permits the analysis of a well defined sequence of movements, 

It was therefore decided to adopt a cinemicrographic technique 

for filming the animal in a position where its movements would 

be clearly visible. A rectangular chamber was constructed in 

which the small unpigmented amm.ocoetes settled down without 

obvious stress effects. However, subsequent filming through 

a modified mircoscope with Kodachrome II colour film at the 

standard commercial running speed of 24 frames per -second was 

unsuccessful for two reasons. Firstly, the resultant exposure 

time of 1 /3 0 of a second was too long to arrest the movement 

of the respiratory structures, thus producing a blurred image 

from individual frames, and secondly the ammocoetes generally 

ceased pharyngeal and velar movements once they had become 

acclimatised to the experimental regime. The latter of these 

problems was overcome by designing an apparatus in which the 

animal could be subjected to reduced oxygen tensions while image 

quality was greatly improved by the use of a Dawe microstrobe.

This utilised a Xenon flash tube synchronised with the shutter 

of the camera, thus decreasing the effective exposure time to 

10 seconds.

The animal chamber consisted of a rectangular sheet of 

perspex (4  x 3 x ÿ ’) forming the base and possessing an inflow 

and outflow channel of -q' diameter, each leading to the top 

surface where they emerged 1”' apart (Fig. 3). The piece of 

perspex 3 x 1 x 1/16” placed centrally above the base contained
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a longitudinal channel running between the inflow and outflow 

holes. A microscope slide ( 3 ^ 1 ”') exactly covered this 

perspex, watertight gaskets of parafilm sealing the gaps between 
these two layers as well as between the two perspex sheets.

This entire system was held tight to the base by screws which 

passed tlrirough a perspex frame placed over the topo

The animal was introduced in to the central chamber with 

the apparatus dismantled. The microscope slide was immediately 

clamped in position and screwed down until a watertight seal 

was formed. Water, partially deoxygenated by bubbled nitrogen, 

was then passed from a resevoir situated above the chamber through 

the channel containing the animal.

A flange on the base of the chamber was then slotted in

to a groove on the rear edge of the mechanical stage of a
Baker microscope, enabling the animal to be positioned in the 
field of view. With the eye piece tube removed, a Bolex H 16 

reflex camera was positioned so that a real inverted image
was formed on the film plane by the objective ]ens. Extraneous

light was excluded by a plain extension tube which passed from 

the camera into the bodytube of the microscope. Focussing could 

then be carried out through the reflex system of the camera by 

moving the stage in the normal manner. Attached to the drive 

shaft of the camera iras a photoelectric synchroniser consisting 

of a disc with eight small peripheral apertures. As the disc 

rotated, the holes passed between a small bulb and a photoelectric 

cell. Tlie position of the disc relative to the drive shaft could 
be adjusted so that one pulse was emitted by the photocell every 

time the camera shutter opened. The pulses were fed to the 

microstrobe control unit which then supplied the high voltage
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(5000 v) necessary for sparking the Xenon flash tube. These 

flashes had previously been focussed on to the animal by means 

of the substage condenser and the adjustable mountings in the 

light housing, U').



FIG 4 The apparatus enployed to film young ammocoetes
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3. RESULTS

A. Description of sites

i. Re-w Forest

Highland Water, a small tributary of the Lymington 

River to the west of Lyndhurst, is one of many streams flowing 

through the Hew Forest. The upper reaches are protected from 

invasion by downstream Lo olaneri through the presence of a 

concrete weir approximately two feet in height located under the 

A35 road bridge. ,Work was concentrated, in the two mile reach 

directly above Millyford Bridge (Fig. 5) on the minor road 

connecting Lyndhurst with the A31. This part of the river runs 

approximately parallel to the road and passes through Puckpitt's^ 

Highland Water and Holmhill Inclosures. Access was via 

Forestery Commission tracts leading off .the Millyford Road.

At the junction with the A31, the stream is 3 - 4 feet wide while 

at Highland Bridge it is approximately 20 feet across.
î'i

The river drains a small valley no more than two miles in 

width, much of which is low lying (Figo 6). As the surrounding 

soil"contains a large proportion of organic, material, it holds 

a considerable amount of watero During the winter, this area 

becomes quickly saturated, making the river prone to extended 

periods of flooding. For this reason, the fine sediments are 

rapidly scoured away at this time and silt beds accumulate only 

in the most sheltered areas.

Although the average gradient is about 40 feet per mile, 

most of this height is lost in short stretcheso Thus, relatively 

deep areas of 3 - 6 feet and slow moving reaches of about 50 yards 

(Fig. 7)j may lead into a series of gravel beds where the water 

is shallow and swift flowing. The substrate over much of the
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PIG_6 The upper reaches of Highland Water

— - 7 * typical slow moving stretch in Highland Water near
Millyford Bridge.





FIG 8 One of the spawning sites (just ahove the riffle) 

in Highland Water

FIG 9 The area in Highland Water which yielded the largest catches of 

all hut spasming animals.
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two miles was mostly free of silt, varying in composition from 

gravel to pebbles of up to six inches in diameter. In the upper 

half mile, the stream was generally less than a foot deep with 

the gravel substrate providing ideal spawning conditions (Fig.8 ). 

Further downstream,"the spawning sites were much more limited 

as the greater rate of flow tended to prevent the accumulation 

of areas of smaller stones characteristic? of the lamprey Redd

or nest. The largest catches of both ammocoetes and macrophthalmia

were consistently made from a short stretch where debris from 
overhanging,trees had partially choked the watercourse (Fig. 9), 
thus allowing sand, silt and clay particles to accumulate. This 

restriction of flow is becoming so marked that a new channel is 

being formed in this region.

ii. South Wales

The River Honddu (pronounced HGW-THEIE) in South Wales is 

larger than Highland Water with a length of approximately 12 miles.

It flows due south from the hills called Mynydd Eppynt to join 

the River Usk at Brecon (Fig. 10). Four miles north of this ' 

confluence lies the small village of Lower Chapel that marks the 

downstream limit of the two mile stretch chosen for study.

From its source in the hills to its entry into the River Usk, 

the Honddu descends about 1000 feet, although,as with typical 

mountain streams, height is lost most quickly over the first few 

miles. Just above Lower Chapel, the gradient is similar to 

that of Highland Water, but the general character of the stream 

shows less variation. The substrate in the Honddu is mainly 

composed of pebbles of up to 6 ins or more in diameter with 

.the interstices occupied by gravel and sand. Even in the head 

waters where the stream is only 3 - 4  feet wide, the bottom is



FIG 10 Map showing location of the study region in the River 
Honddu,
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ZI0_H A typical stretch of the two mile study region in the 
River Honddu.
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FIG 14 The substrate in an area of the River Honddu which provided 

large numbers of ammoooetes.

PIG 1 5 A broader view of the region shown in Fig. 14.
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still stony with a marked absence of gravel beds, similar to 

those found in Highland Water. However, because of the greater 

width of the river and the higher, more irregular banks, which 

increase its capacity to withstand violent flooding, fine deposits 

build up more readily than in the Hew Forest. Thus, silt beds 

10 - 20 feet long and three feet in width occur in places along 

the edges of the streain, and the many hollows in the banlcs usually 

contain accumulations of silt and clay.

In tlio two milo stu3y aroa, tho width of tlio stroam varied 

from approximately ten feet , in deep swift-flowing regions, to 

about 40 feet where the water is shallow (Pigo 12). Though 

deep pools and eddies are present, the average depth is between 

one and two feet.with broken water occurring every 30 - 60 feet 

(Pig. 1l). As it meanders over the small flood plain, bends 

and backwaters frequently occur, thus providing sites from 

which individuals could be obtained^but most of the metamorphosing 

and prespawning studies were concentrated in a 4OO foot stretch 

(Pig. 13). As with Highland Water, a small area (Pig. 13) was 

found which regularly yielded large catches of ammocoetes, as 

well as all post-larval stages except spawning individuals. This 

site, which was isolated from the main current by a narrow, stony 
ridge, contained silt and clay to a depth of two or more feet

(Pigs. 14? 15)° The density of the ammocoete population in 
this bed was greater than at any other site found in either of

the two other rivers.

iii. Longbridge Deverill, Wiltshire

The third site was located at Longbridge Deverill, just 

south of Warminstor in Wiltshire. Sovoral commercial watercress 

beds are operated near the village (Pigs. 16, 17) supplied by
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springs at the foot of the surrounding hills. After the water 

has passed over the beds, it drains into the nearby River Wylye 

by a number of channels, one of which was found to contain 

relatively large numbers of brook lampreys.

This particular channel, referred to as the Watercress Stream, 

is less than 100 yards long, and enters the main river adjacent 

to the road bridge carrying the A350* With the exception of 

one larger pool (Pig. l8), it averages only 6 - 1 0  feet in width, 

and during the period of study never exceeded a depth of l8 ins.

The substrate consisted of 6 - 12 inches of silt and open-structured 

clay particles overlying a gravel bottom exposed only in a narrow 

central channel which carried most of the flow. The stream was 

never liable to flooding from the watercress beds as the rate of 

discharge is controlled by sluices at the springs. The level 

rose only whenthe Wylye flooded and water was forced back up 

the lower portions of the side channels. However, as there can 

be no actual flow in this direction, the bottom deposits were 

seldom disturbed, and thus provided an ideal environment for 

ammocoetes. Opportunities for mature animals were more limited,

but the narrow, swift-flowing channels at each side of the beds 

usually contained gravel, and it was in these miniature streams, 

only 2 - 3  inclios in dopth, that spawning took placo.

It will be seen from the proceeding description that this thiid 

site bears little resemblance to the other two. As the stream 

water had been previously spread and slowly percolated through 

several hundred square yards of watercress beds, it was considerably 

affected by air temperatures and by direct sunlight. The 

exaggerated effect of these environmental factors in this artificial 

situation provide an interesting comparison with the natural
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situations encountered in South Wales and the Hew Forest*

Although at the beginning of this study, this stream was

entirely free from pollution, a graphic illustration of the 
effects of man-made changes was provided during the last year of 
the investigation when work commenced on redesigning the watercress 

beds. Considerable excavation took place as they were first 

cleared of debris, and secondly when concrete edging walls were 

built. The effect of the cement in the water was virtually to 

eradicate the thriving community previously described, so that by 

the spring of 1972 only fourteen adults were seen during the entire 

spawning season.



FIG 16 A map showing the relationship between the stream and 

watercress beds at Longbridge Deverill, Wiltshire.
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FIG 17 The Watercress heds at Longbridge Deverill

FIG 18 The stream at Longbridge Deverill showing the reduction in 

its width that occurred following the redesigning of the watercress beds.
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Bo Temperature regimes at the sampling localities

The temperature data collected from maximum/minimum 

thermometers attached to iron stakes embedded in the substrate, 

and from readings taken on each visit to a site, give a clear 

indication of the different regimes in each of the three areas 

investigated. Thus, over the period of a year at Longbridge 

Deverill, the minimum temperature was 3°C compared with values 

of 2.0°C and 1.5^C in the Honddu and Highland Water respectively.

The maximum values at Longbridge Deverill were also higher

I (22,0°C) than at the other two sites with respective upperi|
I limits of 18.0^C and 15-5°C being recorded from the Hew Forest

! and South Wales (Fig. 22).
I
I The differences in temperature extremes between the three
I
I' sites obviously reflects the different nature of their source

 ̂ of water, the size of the stream and the character of the

I surrounding environment. Thus, the Honddu is supplied by
!i ' springs and drainage originating at a far higher altitude than
•1 in the Hew Forest where the source is in a low lying area giving 

rise under normal conditions to a smaller volume of water.

Longbridge Deverill, on the other hand, is in an entirely different

situation (see description in 3A iii) with the spreading out over

the wide area of the cress beds rendering the water very susceptible

to temperature fluctuations. While this explains the relatively

high temperatures in the summer, the higher minimum values at

this site in the winter are probably attributable to the close

proximity of the spring source which supplies water at above

ambient temperature.

The difference in temperature regimes between the sites is

also well displayed by the differences in the spai-ming time
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which is correlated with the attainment of stream temperatures 

of 11°C. Thus, breeding talces place first at Longbridge Deverill, 

next at Highland Water and last at the Honddu (see Section 3D)
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C. Post-Larval Stages

i The transformation, maorophthalmia and adult phases 

The extensive preliminary study of the morphology of 

post-larval Lamoetra olaneri suggested that this phase of the 

life cycle could be conveniently divided into eight Stages. 
Following the account given by Hardisty and Potter (1971b), 

the metamorphosing period is regarded as initially comprised of 

a transformation phase in which there is rapid modification of 

many of the larval characters into those of the adult. In this 

context, particular emphasis is placed on the more noticeable 

features, such as the conversion of the oral hood into the disc, 

the eruption and development of eyes, the enlargement of the 

preorbital and prebranohial regions, and the increase in height 

of the dorsal fins.

Transformation is followed by the maorophthalmia phase of 

metamorphosis when the animal has assumed the general appearance 

of an immature adult of the presumed ancestral species Lamoetra 

fluviatilis. The final phase is the mature adult when the 

secondary sexual characters of the genus, comprising such features 

as the cloacal papilla of the male and the anal fin of the female, 

have become fully developed. i
The period of transformation is separated into four Stages 

(l - :ÇY)j and takes a total of approximately 12 - 17 weeks to 

complete (see Section 3T), while the subsequent maorophthalmia 

phase covers the period from the late autumn (Stage V) to early 

spring (stage Vi). Although spawning individuals could be 

clearly separated into those that still contained at least 

the vast majority of thoir eggs (Stâ ;o VIl) and those which
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■wore spent (Stage VIII), such a clear distinction with respect to

retention or discharge of milt could rarely he made in the case of
.1

maleso Stages VII and VIII in males were therefore pooled. The 

total length, proportional body measurements, tail volume, weights 

and condition factors for these Stages are shown in Appendices 1-6.

ii Description of Stages
I

S tage I.

In terms of colouration, the first transformation Stage 

(Fig. I9b, c) is similar to older ammocoetes (Fig. 19&). The oral 

hood has, however, started to undergo modification. Thus, the 

flaps have thickened and the leading edge has grown downwards to 

produce flattening in this anterior ventral region. Immediately 

behind the disc rudiment and directly below the eye, is a depression 

in the ventral surface that becomes very pronounced in the advanced 

representatives of this Stage (Fig. 19c). Another characteristic 

of this initial phase is the eruption of the eye which appears 

as an undifferentiated black disc.

Stage II.

The second Stage of transformation still in general retains the 

ammocoete colour but there is a tendency towards the greyer 

appearance (Fig. 19d). The flaps that, in larval stages, formed 

the rear end of the oral hood have become fused so that the 

disc rudiment now forms a complete circle and the thickening 

process initiated in Stage I is continued, with the result that 

the size of the aperture is further reduced. During this time 

the disc becomes canted slightly upwards.

The oral cirrhi, which are very prominent and well developed 

in ammocoetes and in all but the most advanced representatives 

of Stage I, oan be observed by low power microscopy to have
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almost completely disappeared, with remnant projections being

left only in a few areas. The 'tongue' or piston is also
.1

clearly visible and bears prominent longitudinal and transverse 

lingual laminae.

Stage 111

The main differences between this and previous Stages liesI
in the colouration, which is now grey on the dorsal and white on 

the ventral surface but with an overall slight silvery sheen 

(Figo 19®)• Although the disc does not increase in length, - 

it is more rounded than in Stage 11 and possesses for the first 

time conspicuous cirrhi around its margins. The remnants of 

the branched cirrhi of the larvae are no longer visible on the 

inside of the disc and the supraoral lamina has become prominent.

In the eye, the iris has lost the brownish tinge, characteristic
f

of Stage ligand become a silvery white. The branchial apertures 

have changed markedly from their previous ammocoete-like form 

to give the appearance of seven well defined circular or oval 

apertures.

Stage. IV

Representatives of ,this Stage show a more pronounced, almost 

metallic, silvering (Fig. 19f). At the same time, an increase in 

disc length, accompanied by further preorbital development, resulta,^^^— - 

in the disc assuming a more horizontal position. The anterior 

gill openings are now discrete, rather elongate, ovals whose 

axis lies vertically. The eye has become even more prominent, 

partly through its further eruption which has the effect of 

exposing a greater area of the iris.

Stages V and VI

The maorophthalmia phase is characterised by the gradual loss



of the silvery colouration and its replacement by a dorsal grey/ 

brown hue (Fig. 1$g). There is also a gradual process of tooth 

eruption in the anterior field and on the infraoral lamina, 

while cusps are becoming visible on the lateral circumoralso 
The extensions in fin height and in the preorbital and prebranohial 

regions, initiated in and maintained throughout transformation, 

continue during the winter. The disc also increases in size 

but, this development, as with the others just mentioned, occurs 

at a slightly reduced rate in femalesv (see Section 3E).

Stages VII and VIII

Little change is evident in the colouration of spawning • 

individuals from that seen in the maorophthalmia, although the 

ventral surface of the female becomes rather translucent through • 

the uptake of water and the subsequent stretching of the body wall, 

thereby revealing eggs in the cavity. The disc has enlarged 

further (Fig. I9h, i, j), more particularly in males, and the 

colour of the teeth in formalin - preserved specimens is now 

more yellowish. The secondary sexual characters include 

apposition of the dorsal fins in both sexes. An oedematous 

region and an anal fin are developed in females in front of and 

behind the cloaca respectively, whereas the male lacks these 

characters but produces instead a conspicuous cloacal papilla.



FIG 19 The anterior region of the post-larval stages of Lampetra 

planeri.

a ammocoete 

h Stage 1 (early)

0 Stage 1 (late)

d Stage II

e Stage III
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PIG 19 continued

f Stage IV

g Stage V

h Stage VII Male, unspent

i I Stage VII Female, unspent

j Stage VIII Female, spent '
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P. The Phasing of Post-larval Development and its Relation to

Temo erature

The main problem in any investigation of the phasing of

metamorphosis is the difficulty of always obtaining the early

metamorphosing Stages and in deciding the precise time of onset

of transformation. These problems are accentuated by the fact

that three sites, which were considerable distances apart, had

to be sampled and analysed. Furthermore, as each transformation
i

stage was of relatively short duration, it became necessary to 

develop a method by/which an extrapolation of the mean time of 

appearance of the stages could be obtained.

The model from which these dates could be determined was 

dependent on the fact-that each of the transforming stages (l -TV) 

at each site were of approximately the same duration, a feature 

verified by inspection of preserved and live animals with respect 

to their time of capture. It was also necessary to consider 

the initial part of the maorophthalmia iphase as having the same 

mean duration as each of the stages of transformation. In reality, 

of course, the maorophthalmia phase extends throughout the 

winter (see section 3C). As each stage is part of a continuum, 

any one category will contain individuals ranging from those 

which have just entered that stage to others about to pass into 

the next. Thus,, a group of animals described for example as 

Stage I will have, on average, passed through one half of that 

stage. Likewise, a collection of Stage III animals will have, 

on average, passed through 2-̂  of the four Stages of transformation 

(see first three lines of Table 1).

Consider a hypothetical situation in which a single catCh 

of 30 animals contained representatives of all five Stages



Table 1 Hypothetical, data illustrating the method for obtaining
the mean number of Stages traversed through transformation by a
single catch containing individuals in the early stages of metamorphosis.

STAGE
1
 ̂T II III IV V

Time intervals elapsed since onset 0 1 2 3 4
Mean number of stages traversed (S) 0.5 1.5 2.5 3.5 4 .5

Humber of animals (n) 3 7 12 6 2

n X S 1.5 10.5 3 0 .0 21.0 9 .0

Total no. of animals En = 30 

Sum of products En x S = 'J2

Mean no. of Stages traversed by whole catch E n X S
En

IL
30
2.d
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(Table It). The mean Stage can be derived by dividing 72, 

the sum of each of the products (mean no. of stages traversed x 

no. of animals) by 30, the total number of animals, thus giving 

a value of 2.4« By plotting against time a series of such 

values for catches made on different &ates, it is then possible 

to derive the mean time of appearance of each of the Stages I - TV, 
together with the times of onset and completion of transformation.

Using this approach for the metamorphosing season that 

commenced in Highland Water, during 1971? information can be 

obtained on the phasing of post-larval changes in the brook 

lamprey population of the Hew Forest. Thus, the three catches 

from August 10, September 15 and October 15 respectively, gave 

the following mean values for the number of stages traversed 

5 since the beginning of metamorphosis: 0.59? 2.13 and 3.53 re

spectively. These values lie almost exactly on a straight 

line and on none of the three dates were more than three 

of the Stages I - IV represented (Figo 20). By extrapolation 

from the line, it is possible to demonstrate that the mean 

times of initiation and completion of transformation were

approximately July 27 and October 26 respectively.1
Similar data from the Honddu collected during the same 

metamorphosing season, based on catches from August 4? September

9 and Hovember 3? also yielded mean values for the number of

stages traversed to which a straight line could be fitted (Figo 21).

In this case, extrapolation indicates that transformation was

initiated far earlier, i.e. on June 24 and that it was completed

by October 23. However, as at Highland Water, no more than

three stages were caught on a single date and generally the
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vast majority of individuals were attributable to a single 

S tage. ^

A sample of 24 post-larval Stages from Longbridge beverill 

taken on August 12, 1971 mainly contained individuals which 

had only just entered metamorphosis. However, there were a 

few which corresponded to advanced representatives of Stage 1, 

and two and one individual respectively corresponding to 

Stages II and III. By September 1971? there were as many as 

13 Stage II animals, in addition to 15 Stage I individuals 

within a total catch of 30o These data, although more limited, 

indicate that transformation at this site was initiated in 

early August and that it was probably concluded by the end of 

November (Fig. 22).

Information on the early stages of metamorphosis in thei
previous year, i.e. 19?0, are less complete but provide sufficient 

data for comparisons. A large collection, oomprising 100 

post-larval stages caught in the New Forest on September 21, 

contained 33 at Stage III, 53 at Stage IV and 14 at Stage V.

These data suggest that metamorphosis occurred rather later 

than in the following year. By using the slope obtained 

for the rate of transformation at this site in 1971 (Fig. 20), 

approximate commencement and completion dates for transformation,_̂ ,TT 

were estimated as July 7 and October 7 (Fig. 22). Similar 

treatment of the. pooled collections of 73 animals taken from 

the Honddu on September 30 and October 8 suggest that a similar 

slightly later transformation also took place in this locality 

compared with the previous year, with initiation and completion 

dates of June 8 and October 7 being estimated for this population.



FIG 22 Diagrammatic representation showing the temperature range, 

time of spawning and the extrapolated values for the duration of the 

transforming and maorophthalmia phases, at the three sites investigated 

during 1970/71 and 197l/72.
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In the case of Longbridge Deverill, the 78 individuals caught 

on October 13 and 19 contained 33 at Stage III and 42 at Stage 

IV. While it is not possible to gain a reasonable approximation 

of the commencement of metamorphosis from these data, they 

indicate that the mean date for the end of transformation was 

towards the end of Novembero

Although the only detailed information on the phasing of 

metamorphosis was that obtained from the 1971 samples taken 

from the New Forest and Honddu, the data on spawning is more 

comprehensive. Close monitoring of temp erature s in the 

month up to and including breeding activity, emphasised that 

the onset of spawning at each site was correlated with the 

elevation of the stream temperatures to a minimum of 11̂ 0.

After the season had been underway for some time, adults 

were occasionally seen on the Redds at temperatures as low as 

8°C; although this was apparently never associated with actual 

pairing. This dependence of spawning on water at 11°C is 

well illustrated by the breeding times in the three areas.

Thus, at Longbridge Leverill in 1971, ut occurred between March j 

and 16, whereas in the New Forest it did not begin until April 3 

and lasted until April 27. Since no free-swimming animals 

were caught on April 20 in the Honddu, followed by the appearance 

of very large breeding assemblages on April 23 and ones of 

slightly reduced size on April 2 5, this latter period probably 

represents a restricted spawning phase in this river, initiated 

at a later date than in the New Forest. The relatively short 

spawning season may be attributable to the greater stability 

of temperatures in the Honddu, so that once 11°C is reached
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there is less liklihood of the temperatures dropping below 

tliis critical value.

Although the temperature regimes follow the sequence,

Honddu, Highland Water and Longbridge Leverill, and this is 

related to the time of spawning (section 3B, Fig. 22)^the initiation 

of metamorphosis takes place first in South Wales and last at

Longbridge Leverill. Thus, the post-larval period is shortesti|'
at Longbridge Leverill and greatest in the Honddu. (Fig. 22).
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E. Changes in l.o haX 'I on,'-^kh'body intorva'l.n and tai'l volumo

1̂- Total Length

The total lengths of the males caught in the New

Forest during the metamorphosing season indicate that

this parameter was virtually the same in spawning individuals

as in those commencing transformation, although elevated values

were found in some of the intervening Stages (Fig. 23).

Samples taken during the same period from the Honddu lacked

representatives of Stage I, and at Longbridge Leverill a ■ .

rather less complete sequence was obtained. However, these

data are sufficient to indicate that males at these two sites

undergo a small reduction of 4 - 6 .̂ A similar reduction

appears to have occurred in the New Forest during the previous

season, while in the Honddu there was probably no overall loss

in length (Fig. 23). In all three localities, the transforming

males were smaller than corresponding females of the same S'tage 
(Appendices 1-6).

Luring both the 1970/71 and 1971 /72 seasons, an overall

loss in length of approximately 10 - 12^ occurred in females

in all three rivers while the slightly higher value of 14^ at

Longbridge Leverill in 1971 /72 was based on a sample of only

three animals. In all except the Longbridge Leverill population

of the second season, the mean length of females showed an

increase during the ‘'terminal period of transformation and the

commencement of the 'maorophthalmia phase.

ii. Lise

The measurements of the disc made on sequential samples 

during l9 7l/7 2, show that this region undergoes a slight reduction 

in length during the transitional phase when it is being modified
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from the oral hood of the ammocoete (Fig. 2 4). This pattern 

is soon reversed; however, and from Stage III onwards the disc 

increases in length, a feature also clearly apparent in data ' 

from the proviouo ooanon. Although, '.at tho oriaot of 

transformation, the male disc is initially of similar dimensions 

to that of females, it increases in length at a faster rate 

with the result that it is larger at the time of spawning.
I

The similar pattern observed in proportional measurements 

of the disc length (Fig. 2 5) emphasises the validity of the' 

trends exhibited by the actual measurements. 

iii;. Preorbital and prebranohial region

The measurements for the preorbital and prebranohial 

regions (Figs. 26, 2'j) provide an interesting comparison with 

those for the disc (Fig. 2 4). Thus, although the disc initially 

undergoes a regression in length, the region in front of the 

eye, as well as anterior to the first gill opening, start

developing forwards from the very earliest time that the
Î.

morphological changes associated with metamorphosis can be
I

detected. As with the disc, however, the rate of increase 

in the preorbital and prebranohial regions of males is greater 

than that of females. Although these regions in the males 

show increases up to spawning, no further actual enlargement 

takes place in females after November when the animal can first 

be regarded as a Stage V maorophthalmia. (Figs. 2.6, 2%).

In terms of proportional measurements, (Figs. 28, 29), these 

regions display a relative increase in both sexes throughout 

the post-larval phase.
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'iv. Mid region of the body

The mid region of the body was derived by extrapolating 

from the other data the distance between the first gill opening 

and the posterior edge of the cloaca.

In 1971/7 2, this segment of the body decreased in both sexes 

over the post-larval period (Fig. 3 0). A differonco was, however, 

observed between the initial values for males and females, and‘ï
between the population in the New Forest compared with those 

of the Honddu and Longbridge Leverill.

While the actual measurements show a similar rate of 

decline in the two sexes, the rate of decrease in proportional 

values is far more rapid in males (Fig. 31). Lata on both 

actual and proportional measurements suggest that the rate of 
decline was greater in 1971/72 than in 1970/71. 

v,v Post-cloacal region

The post-cloacal region of females underwent a gradual 

reduction in both 1970/71 and 1971/72 (Fig. 32), whereas in 

males it remained more constant. As with the mid-region, 

the values for both the males and females of the New Forest
I

population were consistently lower, particularly in 1971/7 2, 

than in comparable representatives caught in the Honddu and at 

Longbridge Leverill.

With respect to the proportional measurements.(Fig. 33) 

divergent patterns can be clearly seen between the two seasons 

and between sexes. Thus, although a downward trend is seen 

in both sets of proportional values for females and, to a 

lesser extent, for the males in 1970/7 1, the reverse was the 

case with males caught during 1971 /7 2.
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.vi. Post-cloacal width and tail volume

The width of the post-cloacal region of the body, 

only measured in 1971/7 2, declined most rapidly in females,

whether expressed,as an aotual or proportional measurement
!|

(Pigs. 34, 35).

The total volume of animals was calculated from the 

following formula, which assumes that the post-cloacal region 

corresponds approximately to an eliptical based cone.

TT Itt X Pod X Pew X (a-c)
^ ° 3 —  —

Y _ TT X Pod X Pew X (a-c)
12

The tail volumes of all three groups of females showed a 

similar pattern of marked reduction, (45 - 60%) between 

transformation and spawning (Pig. 36). In the males, on 

the other hand, a much less marked decrease (20 - 25%) occurred 

in the populations from the Honddu and Longbridge Leverill, 

while in the New Forest the reduction was even smaller (7%)° 

vii. Height of posterior dorsal fin

As in the case of the preorbital and prebranohial 

regions, the fin starts to increase in height at the onset of 

metamorphosis, a process continued through the winter but at 

a slower rate in females than males (Figs. 3 7, .38).



FIG 23 The mean total length (mm) for the males and females of 

the different Stages caught at the three sampling areas during 

1970/71 and 1971/7 2 .

Key

j u-m Longbridge Leverill, Wiltshire
1

0 - 0  River Honddu, South Wales

A-A Highland Water, Hew Forest
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FIG 24 The mean disc lengths (mm) of males and females of the 

different Stages caught at the three sampling areas during 1970/T1 

and 1971/72 
Key

Longhridge leverill, Wiltshire 

River Honddu, South Wales 
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FIG 25 The mean disc lenglh, (expressed *as a percentage of the 

total length of the animal), for males and females of the different 

Stages caught at the three sanpling areas during 1970/T1 and

1971/7 2.
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FIG 26 The mean lengths of the preorhital region (mm) of males 

and females of the different Stages caught at the three sampling 

areas during 1970/71 and 197l/72.

Key
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FIG 27 The mean lengths of the prehranohial region (mm) of males 

and & males of the different Stages caught at the three sampling 

areas during 1970/t1 and 1971/T2 
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FIG 28 The mean lengths of the preorhital region (expressed as a 

percentage of the total length of the animal) for males and females 

of the different Stages caught at the three sampling areas during 

1970/71 and 1971/72 
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FIG 29 The mean lengths of the prehranohial region (expressed 

as a percentage of the total length of the animal) for males 

and females of the different stages caught at the three sampling 

areas during 1970/T1 and 1971/T2 
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FIG 30 The mean values for the length of the mid region betw-"’'‘ 

the anterior edge of the first gill opening and the posterior 

edge of the cloaca (mm) of males and females of the different 

Stages caught at the three sampling areas during 1970/t1 and

1971/72

Key

Longhridge Leverill, Wiltshire 

• River Honddu, South Wales

A-A Highland Water, Hew Forest
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FIG 31 The mean values for the length of the mid region between 

the anterior edge of the first gill opening and the posterior 

edge of the cloaca (expressed as a percentage of the tot&l length 

of the animal) for males and females of the different Stages 

caught at the three sampling areas during 1970/T1 and 1971/T2.

Key

Longhridge Leverill, Wiltshire
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A-A Highland Water, Hew Forest
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FIG 32 The mean tail lengths (mm) of males and females of the 

different Stages caught at the three sampling areas during 1970/71 

and 1971/7 2 .

Key
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FIG 33 The mean tail lengths (expressed as a percentage of the 

total length of the animal) for males and females caught at the 

three sampling areas during 1970/?1 and 1971/T2.

Key
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FIG 34 The mean values for the width of the postcloaoal region (mm) 

of males and females caught at the three sampling areas during

1971 /72

Key
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FIG 35 The mean values for the width of the postcloaoal region 

(expressed as a percentage of the total length of the animal) 

for males and females caught at the three sampling areas during

1971/7 2.
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F. Length Frequency, Wet Weight and Condition Factors

The length-frequency curves for the males in the New Forest 

population during the 1970/71 season show one conspicuous peak, 

and this shifts only slightly "between the late transformation Stages 

and spawning (Fig. 39)* Although the pattern in the females 

displays a bimodality in the prespawning sample, the curves 

clearly demonstrate that during transformation animals of this 

sex are larger than males but undergo a greater loss in length 

in the following period through to spawning (Fig. 39). Despite 

the fact that the samples for the transforming and prespawning 

individuals from the following season (1971/72) were smaller 

and therefore preclude a detailed analysis, there did not appear to 

be any marked divergence from a unimodal distribution and, in 

the former category, the mode for males was to the left of that 

in the length-frequency curves for females. At spawning, the 

modes of the males and females were virtually identical, occurring

at between 111 and 114 mm, similar to the situation in the
Iprevious year.

A similar pattern was also observed in the River Honddu during 

1970/71 and 1971/72 ('Figs.' 4O, 41 )> with the mode for the males 

at transformation occurring at a shorter length than that of 

females, but shifting less to the left during the subsequent 

period.

While the length-frequency curves for transforming individuals
!

at Longbridge Deverill also illustrate the larger size of females 

in the early stages of metamorphosis, the pattern indicates that 

the population may be rather less homogeneous with respect to age.
I

Thus, in 1970/71 the curves for males exhibit a bimodality, and 

in the females from the following year the pattern is not clearly 

unimodal (Fig. 42).
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FIG 40 length-frequency curves for metamorphosing and adult 

Lampetra planeri caught in the River Honddu, South Wales during 

1970/7 1. Data smoothed by moving averages of seven.

a and d - Stages TV and V 

b and e - Stage VI 

c and f - Stages VII and VIII
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Wet Weight

The wet weight of males caught at the three localities showed 

slightly differing patterns between sites and between 1970/?1 

and 1971/72 (Pig. 43)• Thus, in some oases, an elevation 

occurred during the early Stages, with a subsequent decline in 

the period through to spawning, whereas in other instances 

an overall loss apparently took place throughout metamorphosis 

and sexual maturation. However, in the population in the New 

Forest studied during 1971/T2, the wet weight showed only a 
small variation over this period.

Although some fluctuation was also apparent in females, the

weight loss was greater through to the prespawning Stage (Vl), 

and this was almost invariably followed by a marked increase in 

spawning individuals.



FIG 43 The mean weight (g) of the males and females of the different 

Stages caught at the three sampling areas during 1970/T1 and 1971/72.

Longbridge Deverill, Wiltshire 

• River Honddu, South Wales

A-A Highland Water, New Forest
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Condition Factor

W 6The condition factor is expressed as —  ̂x 10 , where 

W represents the weight in grams and L the length in 

millimetres.

In both males and females, the condition factor at the 

onset of metamorphosis was very much higher in the Longbridge 

Deverill population than in those from Highland Water and the 

Honddu (Fig. 44)* Thus, in 197l/72, values of 1.72 at Stage II 

at the first locality contrast with 1.53 and 1 .42 at the same 

Stage in the New Forest and South Wales rivers.

During the l97l/72 metamorphosing period and, from the 

limited available data, probably for the previous season also, 

males show a loss in weight relative to length during 

metamorphosis, followed by an increase in the late macrophthalmia 

(Vl) and spawning phases. This is illustrated by the values of 

1.29 and 1.31 at Stage V in Highland Water and the Honddu,h
compared with I.5I and 1.52 in the respective breeding populations. 

Although, in females taken at the same time intervals, a similar 

pattern is observed, the differences are much more marked.

Thus, spawning individuals, which had not shed their eggs,

exhibited mean values of 1 .72 and 1.88 in contrast to the
i

1 .4 5 and 1 .3 5 at Stage V, but it should be noted that the values 

dropped markedly in spent individuals.



W 6FIG 44 The mean condition factor —  ̂x 10 for the males and females

of the different Stages caught at the three sampling areas during 1970/T1 

and 1971/7 2.

Longbridge Deverill, Wiltshire 

0-9 River Honddu, South Wales

A-A Highland Water, Hew Forest
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G . Sex Ratios
The percentage of males in the various Stages taken 

throughout metamoiphosis and the spawning season varied from 
approximately 30 to in 1970/71 and from 35 to Q0% in 
1971/72 (Fig. 45 ) In eight of the eleven groups in 1970/71,

this value exceeded 0̂%, with males "being most numerous during 
the spawning period. The fifteen groups in 197l/72 also 
demonstrated; particularly in the Few Forest, the tendency
towards an excess of males during both the transformation

1
(l - IV) and macrophthalmia phases ("V - VT) of metamorphosi^, 
as well as during the spawning season, with the largest relative 
increase again occurring at the time of breeding (Fig#45 )» 
Throughout this post-larval period, only three groups exhibited 
less than 50̂  males.
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H. DELIGHT AUD THE LIPID AED m T Æ  CONTENT

Since dry weight, lipid and water showed considerable 

variation throughout the transforming and early macrophthalmia 

Stages, but exhibited no continuous trends over this period, 

the values obtained for this initial period of metamorphosis (l-V) 

were pooled. The next group of animals corresponds to the 

prespawning phase (VÎ) followed by those caught on the spawning 

grounds (VII and VIIÏ), the latter being treated in the same 

way as in the case of the Stage descriptions (Section 3C1), i.e. the 

males comprise both unspent and spent individuals (Stages VII and VIIl) 

whereas the females of these Stages are treated separately.

Samples were obtained for all post-larval stages in the New 

Forest and South Wales during the 197l/?2 season, and also for the 

prespawning and spawning phase in 1971» Unfortunately, although 

adequate collections were made at Longbridge Deverill in the 

transforming period of 1971, the changes in this region during 

the winter of 197l/72 (Section 3A iii) precluded the collection of 

a sufficiently large and representative breeding population.

The dry weight of both sexes showed a decline between the 

initiation of metamoip.hosis and the pawning season (#ig. 4 6).

For example, in males from the Honddu a mean value of 0,890g at 

the commencement of transformation decreased to 0.649g at Stage VI 

and to 0 .419g at spawning (VII and VIII% while the corresponding 

values for females were 1.010 (Stages I _ V), O .6 6 4 (Stage Vl), 

with 0 .4 8 0 and 0.341g in undent (VIl) and spent (VIIl)
I I

individuals respectively. Although females in 1971 were virtually 

identical at the prespawning Stage (VI% the values for males in 

this previous season were lower. The decrease in dry weight was



56

greatest in females ^nd the patterns were similar in the New 

Forest and the River H6nddu for each sex, apart from the 1971 

males caught in Highland Water which showed virtually no change 

between Stages VI and VII and VIII.

The pattern for lipid in the South Wales and New Forest 

populations was remarkably similar to that of dry weight (Fig. 47)« 

Thus, in males from the Honddu successive percentage decreases 

of 44'6 and 56«7^ occur between Stages I - V and VI and between

VI and VII + VIII respectively. Females likewise show decreases
of 5 2 '6 and 47*8^ between Stages I - V and VI, and between VI and

' '1
VII, with a drop of 3 5.8^ between mature and spent animals.

When lipid is expressed as a percentage of the dry weight, 

remarkably similar values are found at the onset of metamorphosis 

in 1971 in both sexes at Longbridge Heverill, Highland WaterI
and the Honddu (Fig. 4 8). Thus, the respective mean values were 

4 7.3, 4 7 .7 and 45*7^ in males and 44«3j 46 .1 and 4 5-8^ in females. 

While the rate of decline in 1971/72 is similar through to the 

prespawning Stage (Vl), the data expressed in this way emphasises 

the relatively greater rate of loss in both males and females 

from the Honddu compared with the New Forest in the period leading 

up to spawning.

In contrast to the decrease in both dry weight and lipid, 

there is a slight elevation in total body water between the 

onset of metamorphosis in 1971 and spawning in 1972, in all but the 

New Forest females (Fig. 49). This anomaly is, however, explicable 

in terms of the small mean total length of the animals concerned 

(Appendix 10) and when water is expressed as a percentage of wet 

weight, a clear elevation is found both between transformation 

and Stage VI and between this latter Stage and spawning (Fig. 50).



FIG 46 The mean dry weight (g) of the males and females of the 

different Stages used for lipid analyses.

Longbridge Deverill, Wiltshire 

•-© River Honddu, South Wales

A-A Highland Water, New Forest
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FIG 47 The mean weight of lipid (g) in males and females caught at 

the three different sites during 1971 and 1972.

a-m Longbridge Deverill, Wiltshire

River Honddu, South Wales 

A-A Highland Water, Hew Forest
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FIG 48 The mean weight of lipid, expressed as a percentage of the 

dry weight, for males and females caught at the three different sites 

during 1971 and 1972.

B-B Longhridge Deverill, Wiltshire

I •-© River Honddu, South Wales
I

A-k Longhridge Deverill, Hew Forest
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FIG 49 The mean -weight of "water (g) in the males and females of the 

different Stages used for lipid analyses.
' Longhridge Deverill, Wiltshire 

#-» River Honddu, South Wales

A-à. Highland Water, Ne-w Forest
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FIG 30 The mean weight of water, expressed as a percentage of the 

wet weight of the animal, for males and females caught at the three 

different sites during 1971 and 1972.

Longbridge Deverill, Wiltshire

®“® River Honddu, South Wales

A-a Highland Water, Hew Forest
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I VENTILATORY AM) .CARDIAC FREQUENCIES

For the analysis of ventilatory and cardiac movements, cine 

film sequences were cut into consecutive five frame lengths 

and held in 35 mm cardboard slide mounts. After projection
I

downwards on to a white sheet of paper via a face-silvered 

mirror, the pharynx, velum, heart and associated structures 

were drawn (Fig. 51)" Measurements were then made of the 

distance from the leading edge of the velum to the most anterior 

part of the oral hood, the width of the pharyngeal basket at 

various points, and the diameter of the heart in the 

ventricular region. The various movements were then plotted 

in graphical form against time (Figs. 2̂, 53, 54), Measurements 

of the pharyngeal chamber at the first and sixth branchial arches 

show that these regions exhibit their maximum expansion and 

contraction at the same time (Fig. 52). Furthermore, the 

contraction of those branchial arches is synchronised with the 

beating of the velum (Fig, 53)» Thus, as the pharyngeal 

chamber reaches maximum contraction, the velum arrives at its 

most posterior position during the backward stroke. On a 

number of occasions, when the water was only slightly deoxygenated, 

the velum was observed moving backwards and forwards in the

absence of detectable pharyngeal movements. In one animal of

5mm, it was possible to film and measure the rate of beat, not

only of the six branchial arches and velum, but also of the

heart. The rate for the pharyngeal and velar beat was 92/min 

while that for the heart was 170/min (Fig. 54)» It was 

difficult, however, to obtain good recordings for the latter, as 

the lack of colour contrast and clear boundaries in the region 

of the heart made the production of drawings, and thus measurements.
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difficult. In other animals, all under 20mm, the pharynx and 

velum were observed beating at rates of 9 2, 123, 135 and 213/min.

The velum is a thin muscular structure composed of two 

laterally positioned pouches attached to the inner surface of 

the mandibular arch |and separated in the sagittal plane. When 

this structure is relaxed in its most anterior position, the inner 

ed^es of the two flaps are clearly parted and the pharyngeal
I

chamber is at the completion of the phase of passive expansion 

(Fig. 55D)• As the latter contracts, the flaps of the velum 

move backwards until their edges finally become apposed, and 

seal off the oral hood from the branchial chamber (Fig. 55^)»

At the same time, the pressure in the chamber builds up (Fig. 55̂ ) 

and the valves guarding the gill apertures are forced open 

(Figs. 55A, B) and water is emitted in to the surrounding 

environment.



FIG 51 « Two typical sequences of drawings showing the movement of 

the velum (in black) and the contractions of the branchial basket.
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FIG 5 2. Graphical representation of the contractions of the first 

and sixth branchial arches of an ammocoete (contraction is in the 

direction of the arrows).
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FIG. 33» Graphical representation of the velar heat and the 

contraction of the second branchial arch of an ammocoete. (Velar 

backstroke and branchial contraction are in the direction of the 

arrows.)
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FIG 54. Graphical representation of the contractions of the heart 

and sixth branchial arch of an ammocoete. (Ventricular and branchial 

contractions are in the direction of the arrows).
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FIG 5 5. A and B. Diagrammatic representations of a section through 

a single ammocoete gill valve in the closed (a) and open (b) positions.

C and D. Diagrammatic representations of the pharymc of an 

ammocoete in its contracted (c) and relaxed (d ) positions. The 

arrows indicate the direction of water flow and the signs + and - 

represent positive and negative pressure respectively.
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4. DISCUSSION

A> General Considerations

An important feature of the post-larval development of 

L. planeri is that due to the closure of the fore-gut for much 

of this period, these animals are incapable of feeding 

(Weissenberg, 1926; Hardisty, Potter and Sturge, 1970). Thus, 

with the exception,,|0f the uptake or loss of water and ions, 

and the normal excretion of waste metabolites, each individual 

represents a closed system. Within this system, however, some 

morphological alterations involve a considerable increase, as 

occurs in the extension of the preorbital and prebranchial 

regions. This can only take plaqe at the expense of other 

tissues, not only in terms of the redistribution of somatic 

material but, inevitably, in the consumption of energy reserves.

Any investigation of the post-larval period of a nonparasitic
I
i

lamprey, based on field samples collected over several months, 

poses the basic question of whether or not the population is 

comparable throughout the period from transformation to

spawning. One of the main problems lies in the fact that
I  .  I

movement of ammocoétes and metamorphosing individuals within 

a river (Hardisty, 1944) Zanandrea, 1961; Potter, 1970), 

must result in some mixing of animals in a sampling area with 

others from nearby regions. These new individuals may have had 

a different environmental and nutritional history, and thus 

have different biological and chemical characteristics. If this 

is the case, variations might be expected in the pattern of 

changes of morphological and physiological parameters in the 

three rivers examined. Such effects would presumably be most
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marked in the New Forest population from which transforming 

and macrophthalmia Stages (l - V) were caught largely in 
the region near Millyford Bridge, whereas the prespawning 

(Vl) and spawning (VII and VIIl) animals were collected over 
the whole of the study region. This represents a relatively
far larger and less homogeneous type of area than was the
case in the Honddu, The data shows, however, that apart
from one or two cases, the patterns of change in, for
example, total length, hody intervals and lipid content are
similar at all three sites. This view is also supported

by the trends shown in those length-frequency curves which
are based on sufficiently large samples. Thus, a conspicuous
pattern, such as the decrease in the total length between
Stages V and VII, is not an artefact due to a changing
population, but a true representation of the morphological '
modifications undergone by each animal.

From these points, therefore, the mean actual measurements 
(i.e. values in mm or g rather than as percentages) should 
give an accurate picture of the changes in an individual lamprey 
between the onset of transformation and spawning. Comparisons 
between sexes, or between rivers, however, must be based on 
relative assessments to allow for inherent differences in 

length and weight between the groups at the start of transformation. 

Traditional methods of expressing these changes, usually as a 
percentage of some other parameter, have some limitations in this 
particular case. For example, consider an animal containing

1.0 g of lipid which represents of its dry weight. If, 
during metamorphosis, the lipid was reduced to 0.5 the dry 
weight would then be 1.5 g, assuming that the other constituents
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remained constant. The lipid would now be O.5/I.5 % 100% of 
the dry weight, an apparent reduction from 50 to 33%? whereas 
the weight of lipid has actually decreased by half from 1.0 

to 0.5 g.
There would thus be some advantage in expressing lipid, 

not only as actual values, but as a series of percentage 
decreases between successive Stages. This would eliminate, 

especially in the case of lipid analysis, the problems of 
expressing this parameter only in terms of a dry weight 
incorporating other variables, whilst still allowing comparisons 
to be made between groups. For example, in females the 
percentage decreases in lipid from their initial levels at 
transformation to those found in prespawning Stages were 
5 2 .6 and 54*7 in the Honddu etnd Highland Water respectively, while 
between the latter Stage and spawning the comparable further 
reductions were 54*7 and 17.0%. In this case, therefore, this 
method yields data concerning lipid which is in some ways more 

useful than an expression related to dry weight. A similar 
approach is to regard the initial weight of lipid as 100% 

and calculate the overall percentage loss to each Stage.
Thus, in the Honddu and Hew Forest respectively, by the time 
they have reached the prespawning Stage (Vl), the females 
had lost 52.6 and %.7% of the lipid present at the onset 
of transformation. '' At spawning, the comparable values indicate 

a total loss of 75-3 and 71»7%.
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In the case of proportional body measurements (i.e. body 

intervals as a percentage of total length), the problems are 
not as marked and such data aided considerably comparisons 

between sexes and populations, and also showed those regions 
which exhibited the greatest relative change between Stages.

/
t



63:

B. Total length and body intervals

Although there was not always a significant difference
between the mean lengths for the two sexes of the transforming
and macrophthalmia (v) individuals (see Appendices 1-6), the
value for the females, in every one of the 17 groups comprising 
these Stages, exceeds that for the corresponding males. ' In
later Stages (VI - VIIl), however, this disparity in size is
not apparent and, in most instances, the length of the males
in fact exceeds that of females. The reason for this

reversal between the sexes almost certainly resides in
differences between the extent of some of the morphological
changes in the Stages following the early macrpphthalmia
phase (V). Thus, in the male, the prebranchial region
shows a greater rate of elongation than in the female and
the tail does not undergo a marked shortening. These points
are well illustrated by a comparison of the values for the
Hew Forest population caught at the beginning and end of the

I.'
post-larval period in 1971/72. Thus, in males, the mean,1
length of the prebranchial region was 8.0 mm at the 
commencement of metamorphosis and had reached 13.3 mm by 
spawning, whereas, although in the females the length was
initially greater (8.6 mm), the reverse was true at maturityI
when it had increased to only 12.0 mm. Moreover, values for 
the tail length over the same period show that this actually 
increases from 30.6 to 32.1 mm in males while, in females,II '
comparable values show a decrease from 35*6 to 29.3 mm. The 
increase in the tail length in males may be attributable to 
the very small extension in the caudal fin, occuring in all 
individuals during transformation, and which has not been
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balanced by a subsequent decline. However, it should be 

noted that the above trend involving a markedly greater 

reduction in females was true for all the groups studied.
With respect to total length, similar results have beenI

reported by Zanandrea (1961) in his studies on Southern 
European brook lampreys. Although the early transformation 
Stages were apparently not collected he states that when 

'metamorphosis is ijust complete' (presumably corresponding 
to what is here regarded as the end of transformation), the 

females were larger, but the position was reversed by the time 
of spawning. The greater size of transforming females in 
L. planeri is paralleled by the situation in the studies of 
Churchill (1946) on the early metamorphosing Stages of the 
North American brook lamprey Ichthyomyzon fossor in which the 
average lengths of preserved males and females were 110 and 
125 mm respectively. This is a greater divergence than was 
found in this study on L. planeri and is consistent with the 
fact that at the approach of spawning the females were still 
larger; 123 against 112 mm.

Although other data on the length of both sexes over the
whole of the post-larval period of L. planeri is virtually

non-existent, comparisons are possible between spawning
populations. Thus, in Hardisty's (1961C)study on L. planeri,
he found that over seven separate spawning seasons the mean

length of 473 males and 255 females was 132.0Ï O.45 and
132.7- 0.66 mm respectively, with females having the greater
mean length in four of the years. These data therefore are
similar to those reported in this study which show that there

*

is no hard and fast rule as to which of the sexes is largest
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at spawning. .

The data on reductions in the total length of L. planeri 
provide an interesting comparison with changes observed in 

the ancestral and parasitic species Lampetra fluviatilis. In 
the brook lamprey, the mean length reductions in males and 
females from the onset of transformation to spawning were only 

2.9 and 11.9% respectively. On the other hand, shrinkages 
in males and females of the river lamprey between their entry 

in to the rivers in the autumn and their spawning in the following
spring were much greater, amounting to 23 and 27%. (Ivanova-Berg

1.1
1933). The rate of length loss is thus far greater in

,1

L. fluviatilis, especially as the time between the onset of 
metamorphosis and spawning i.e. the period over which length 
reductions were recorded in L. planeri, is longer than the 

spawning migration on which the values for the parasitic 
species are based.

One of the main reasons for I this difference lies in theI
pattern of some of the morphological developments in L. planeri

twhich contrast with those taking place in L. fluviatilis.
Thus, in the brook lamprey, the assumption of a stage 
comparable in general appearance, but not of course in size, 
to the early upstream migrant occupies at least the first 
12 - 17 weeks of metamorphosis, during which there lis a ^

I ' \
considerable prebranchial extension only slightly offset by 

reductions in the distance behind the first gill. However,
i * jeven allowing for this partial compensation for shrinkage,

the rate of increase is obviously still greater than in L. fluviatilis.
Yet, there are parallels to be drawn between these ancestral

' '
and derivative species. Thus, in L. fluviatilis Larsen (1965)
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distinguished between the allometric temperature dependent
I

shrinkage that occurs during most of the spawning run 
and the marked loss in length over the final phase of 

sexual maturation. While the males of L. planeri do 
not exhibit a great increase in the terminal period, the 

females lose length very rapidly at this time mainly through 
a great increase in the rate of decline of the tail region.
Since Larsen (1965> 1973) has shown that this process in 
the River Lamprey is under hypophysial control, a similar 
situation probably exists in the brook lamprey. If this is

' Itrue, it implies that in at least some, if not most 
aspects, the post-larval period of L. planeri corresponds to

I
a complete condensation of the comparable period in the life 
cycle of L. fluviatilis, though the actual relative duration 
of the phases has probably been changed.

Although Zanandrea (l951> 1961) has pointed out that 
European brookilamprey ammocoetes are smaller than their adult 

counterparts, the present study represents the first attempt 
to trace the pattern of total length and body interval 
measurements throughout the period from the very first external 
metamorphic changes to the completion of spawning. They clearly 

show that although there is a difference in the size of the 
two sexes at metamorphosis and that there are parallel 
differences in the actual measurements of the body intervals, 

these latter values expressed as proportional values, i.e. as 

percentages of the' total length of the animal,, show in most 
cases a remarkably close similarity between males and females.
It is only after tho start of the macrophthalmia phaoo (v) 
that the divergent morphology begins to be clearly apparent
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in quantitative data (Appendices 1 - 6, Figs. 23 - 38).

While graphical representation of those proportional 

measurements which correspond to relatively short body intervals 

does not have greatly added value compared with their expression 

as actual measurements, this is certainly not the case in other 

areas of the body such as the mid and tail regions. Furthermore, 

in those latter two moaouromonto, the patterns of change tend 
towards an inverse relationship. At the present time, it is

not possible to provide an explanation for the relatively• 
greater loss in tail length in 1970/71, although future 
studies may show that this might be correlated with the degree

of overall shrinkage suffered by the animals.



6 8

C. Sex Ratios

The sex ratios: of spawning L. planeri at all three 

localities parallel the observations by Hardisty (196I) and 

Zanandrea (1961) on other breeding populations of this 

brook lamprey. Thus, the males exceeded 60% in each of 

the five breeding groups examined and in two cases were- 

greater than 80% of the total catch. These values were, 

however, appreciably higher than in the earlier stages before

the animals had emerged from the substrate, a situation also
'

described by Zanandrea (1961) for those adults which had not 

developed their full secondary sexual characters. The 

explanation for this phenomenon almost certainly resides in 

a differential in the rate of mortality between the "two 

sexes during the breeding period. As the spent females die 

soon after spawning, it would be anticipated that this would 

leave an excess of males in the redds, a situation observed 

on many occasions' as, for exanple, in a large breeding 

assemblage in the New Forest in which 13 of the 16 animals 

captured were males. This rapid departure of females is also 

borne out by the fact that virtually every one of the I40 

examined appeared^to contain either all or none of their 

eggs, whereas males rarely seemed to have completely lost 

their milt. It is therefore likely that females take 

part in only a few pairings to become completely spent, 

whereas males have a longer active period in the redd.

The sex ratios during the early part,of metamorphosis, 

which generally show in each Stage a slight excess of males, 

should be compared with the values obtained for ammocoetes. 

Although such studies were not carried out in this investigation.
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the detailed work of Hardisty (i960, 1969) showed that in 

several rivers there was always an excess of females with ’ 

the relative number of males varying from 3 6 .6 to 47«2%;

These data support Hardisty's hypothesis that a proportion

of the males metamorphose earlier than the females, a view
!■

consistent with their smaller length at transformation.
I

Yet, the differences between the sexes are not apparently

as great as Hardisty estimated on the basis of his ratios

obtained in spawning populations. Support for this

view that an age differential is to be found only in a

small proportion of the population is provided by the absence

of any conspicuous minor modes in the large samples obtained

from the Honddu and New Forest. It may, however, be

significant that in the South Wales population in 1971, when 
the sex ratios in the transforming and macrophthalmia (V) Stages

were nearest to parity, the distribution around the mode

showed the closest approximation to a normal curve.

/
(
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D. Weight and the lipid and water content

Although both sexes showed a decline in their wet weight 

during metamorphosis, followed by an elevation at spawning, 

these trends were more marked in females. The data on water 

content show that the elevation at maturity is due to a large 

uptake of water at this stage, a feature particularly marked 

in the females. Since this increase is not evident in 

prespawning animals (Vl) this uptake does not occur until 

the attainment of sexual maturity. The only group which 

failed to show these changes in the actual values for wet 

weight and water content were the females caught in the New'  ̂

Forest during 1972. However, this apparent anomaly is 

almost certainly attibutable to the considerably smaller 

total length.of the animals in this group, which were not 

therefore representative. This view is borne out by the 

fact that the relative amount of water still showed an 

increase, as also did the Condition Factor, changing from 

1.61 at Stage VI to 1.72 at Stage VII. The vast uptake of 

water oan therefore be seen to preclude the meaningful expression 

of any parameter in terms of wet weight for showing trends duringI
the terminal Stages of metamorphosis and the development of the

fully mature adult.
: w
; Values for water'as a percentage of wet weight show a
I ti

I* remarkable similarity at transformation. For example, in
k
i 1971, in Highland Water, the Honddu, and Longbridge Deverill,

the respective values were 7 2.9 ? 73.1 and 71.8% for males,' 

while the corresponding values for females were 7 2.7 ? 73*3 and 7 2.2%.
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In terms of lipid utilisation during 1971/72, the males 

lost less than the females between transformation (l - V) and 

the prespawning Stage (Vl). Thus, in the samples from Highland 

Water and the Honddu respectively, the prespawning males lost 

49*2 and 44*6 % of their original lipid, while comparable 

values for females were 54*7 and 52.6%^ The similar slopes 

obtained for lipid expressed as a percentage of the dry weight 

demonstrate that the rate of loss over this period was almost
I

identical in both rivers. This may reflect the similar 
energy demands imposed on the animals whilst they are still ^

Il
burrowed, with the difference in the females accounted for 
by their greater degree of gonadal enlargement.

During the following 40 days to spawning in the Honddu, the' 
lipid of the females dropsj^by 75% of" its original value with a 
further decline of 9% after complete loss of the gonad. As

was shown in Section 4A, losses in the New Forest females

at spawning were similar (i.e. 28.3% of the lipid remained) but

unfortunately no fully spent individuals were caught to provide

values at this Stage. The males in the Honddu and New Forest

suffered respective losses of 76 and 52% of their lipid by

spawning but the former value is probably not a completely fair
I

representation of the situation in the population, j. This is
!;

due to the fact that the animals used for analysis of lipid ^

belonged to the only group which differed markedly (by 5 mm) \
'from the mean of the total oatch. -

While there are limitations Ito the expression oD decreases 

in lipid based on actual measurements, these data, when 
considered in conjunction with changes in lipid expressed as 
a percentage of dry weight, show clearly tha,t there is a

■ I
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massive utilisation of lipid during the non-trqphio phase of ^

L. planeri. It would appear that the actual loss is greater

in females and, after discharge of the eggs, this results in

the retention of only 15% of the lipid accumulated by 'transformation.

However, care must be exeroised in comparing values at the

terminal Stages of the animal's life, because, superimposed

on the marked inherent variability in the lipid content, is

the variation brought about by the increased rate of utilisation
at this time, and by the fact that the males contain both •.

spent and unspent individuals. In the earlier Stages, however,
the consistency in values is remarkable with the lipid for

males and females contributing 45*7 - 47*7% and 44*3 - 46.1%
of the dry weight respectively. Although considerable loss in
lipid occurs through to prespawning, the correspondence

between sites is still seen at this much later Stage. In the 

context of the final ̂'reduction in lipid in females, it is worth 

noting that there is a marked decline in the tail volume at 

this period which may indicate that it is from this area 

that food stores are being mobilised.

To a certain extent, the situation in this brook lamprey

parallels that found in those bony;fishes which virtually cease
I I

feeding during the winter months and thus undergo a period of 

depletion. During this time however, teleostsi in contrast 

to the metamorphosing lamprey, are'involved in neither extensive 

morphological modifications nor in the rapid and extensive

development of a mature gonad. A closer parallel is provided
!  ̂ ,

by the anadromous salmonids that apparently cease feeding on 
entering fresh water and undertake a journey to the pawning

grounds, often of considerable length, resulting in the loss of 

up to 99% of the total body lipid. (Tilik, 1932). This greater
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degree of lipid utilisation may be accounted for by the fact 

that these animals undergo such a strenuous spavmi^ migration.

This view is given some support by the fact that in the anadromous ‘

lampr§yj Ga§pioniygon wagneii, wMch has a migration of govaral
hundred miles, the lipid constitutes at pawning only 1 - 2 % of 

its dry weight.



. E. Pharynx and Heart
In contrast to the observations of Sterba (1953, 1962) and 

Schroll (1959)? the results of this study show that in L. planeri 

the velar movements are synchronised with the expansion and 

contraction of the branchial chamber. However, it should be 

noted that movements of the pharynx are generally only 

detectable at markedly reduced oxygen tensions and that at 

higher levels the velum is often observed moving backwards and 

forwards in the absence of any apparent pharyngeal contraction. 

Furthermore, in fully oxygenated conditions, movements were often 

not detectable in any of these respiratory structures. This 

suggests that under well aerated conditions the animal can

maintain sufficient water flow to irrigate the gills, although
1,1oxygen obtained by this method may well be supplemented by 

cutaneous respiration.

These findings should be considered in the light of an 

animal living in a burrow in areas of low water flow. In this 

context. Potter, Hill and Gentleman (l970) have shown that the 

■ rate of respiratory pumping is proportional to the oxygen 

tension in the environment and that activity .(which is always 

accompanied by pumping) is greatly increased at higher 

temperatures. The continual recirculation of water in the 

burrow by the respiring ammocoete may thus result in a reduced 

oxygen tension which maintains the pumping essential for the 

extraction of food from the environment. Such an explanation, 

combined with the different metabolic requirementsjat higher 

temperatures, may explain why the amount of food pissed in to 

tho gut is very much greater at higher temperatures. (Moore 

and Beamish, 1973)« ' •
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The absence of any detectable pharyngeal movements when 

the velum is still operating, raises questions about the 

function of this latter structure. Under the conditions just 

doBoribed; it 1b presumably aoting as a pump but its major 
role may be as a valve when the pharyngeal apparatus is 

working near its full extent. In other words, as the branchial 

chamber starts to contract, the concomitant backward movement 

of the velum eventually produces a seal (through the apposition 

of the flaps) at the anterior end of the pharynx at the point 

when the contraction phase reaches its completion. This would 
prevent water passing out through the oral hood, and thus 

reflects an inportant structural advance on the type of 
mechanism found in the protochordates.

Although there is a high degree of synchronisation between 

not only the velum and branchial basket, but also between the 

anterior and posterior gill arches, no such correlation exists 

between the movement of these structures,and the contractions 

of the heart. The absence of conspicuous synchrony between 

cardiac and ventilatory frequency, as shown by a whole number 

ratio (1:1, 1:2, 1:3 etc), is not exceptional among lower 

vertebrates. For example, the studies of Taylor and Butler 

(1971) on the elasmobranch Scyliorhinus canicula have shown 

that synchrony occurred only in 3% of their recordings and 

Claridge, Potter and Hughes (in Press) have reported a similar 

finding in adults of the lamprey L. fluviatilis. In this 

latter study, respiratory movements never ceased and the 
ventilatory rate exceeded that of the heart, a situation opposite 
to that described for ammocoetes. This may reflect a greater
dependence on gill respiration by fully metamophosed individuals.

I;'That animals at this stage in development are dependent on
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exchange in the pharyngeal chamber is shown by the work of 

Korolewa (1964) and Czopek (1970).
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APPENDIX 1 The mean total length (mm), hody intervals (as ^

of total length), tail volume (mm^), wet weight (g) and condition 
W 6factor —  ̂X 10 (with attached standard errors)of males caught 

in Highland Water in the New Forest during the 1971/T2 metamorphosing 

season.
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APPENDIX 2 The mean total length (mm), hody intervals (as ^ of

total length), tail volume (mm̂ ), wet weight (g) and condition 
¥ 6factor —  ̂ X 10 (with attached standard errors)of females caught 

in Highland Water in the New Forest during the 1971/72 metamorphosing 

season.
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APPENDIX 3 The mean total length (mm), hody intervals (as ^ of 

total length), tail volume (mm^), wet weight (g) and condition factor 

—  ̂X 10̂  (with attached standard errors)of males caught in the 

River Honddu in South Wales during the 1971/T2 metamorphosing 

season.
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+1S.E. 0.1 ' 0.1 ' 0.0 0.1 0.0

T.Vol. — 2 3 0 .0 2 3 4 .0 182.0 180.0 177.0
(45"- 3(1- (94-283 134-245 98-241 li2-2d-9

+1S.E. 15 .0 8.0 8.0 13.0 2.0

¥et¥t. 3 .4 1 5 3 .457 2 .8 2 8 3 .1 6 8 2 .9 9 0
7>(06 —(f 063> Z-a4-4-(o6 7-2(0-4.(61 I *918 -4(83

, +1S.E. 0 .2 1 3 0.202 0 .1 1 6 ' 0.176 0 .0 3 4

C .Fact. 1.42 1.42 _ 1.31 1.37 1.52
0.9 4-(-58 (11-(41 (.2(-('5o 1*23-('32

+1S.E. — 0 .0 3 0.06 — 0.02 0 .0 3 0.01
'



APPENDIX 4 The mean total length (mm), hody intervals (as ^ of

total length), tail volume (mm̂ ), wet weight (g) and condition 
¥ 6factor —3 X 10 (with attached standard errors) of females caught
L

in the River Honddu in South ¥ales during the 1971/T2 metamorphosing 

season.



stage I II III IV V VI VII VIII

T.L.

+1S.E.

— 138.33
126-150

2 .4 0

138.00
(2615

2 .3 4

132.80
127-149

4.91

1 3 5 .4 8
(70-(4q
1.82

129 .14
126-139

1.53

124.92
1(2-139
2.10

124.20
Kl- (36

1 .0 4

d

+1S.E. _

3 .2
2-8-3 8

0 .1

2 .9
2 6-3-1

0 .0

3 .7
3-33)^

0 .1

3 .8
z-q-4-2

0 .1

4 .4
4( —4 q

0 .1

4 .8
4 (-5 4

0 .1

4 .7
4 0-5-1

0 .1

d- 0

+1S.E. —
4 .2

3rl-5%
I0 . 2

5 .0
dd-S'd

0 . 1

6 .0 ' 
S-9-6-5 

0 . 2

6 .2
5-3 - 6 6

0 .1

6 .4
62-0-9

0.1

7 .0
58-1-6

0 .1

7 .0
61-11

0 .1

d-B

+1S.E.
T

- .6 .9
6 3 - 1  4 

0 .2

8 .4
19-3-9

0.1

9 .4
8-6 -|o-(

0 .3

9 .6
9 .0-(6-X

0 .1

9 .9
1-5-10-6
0.1

10.-7
(Ov(9('5‘
0.1

10.6 
9 5-K-3
0.1

a-c

+1S.E.

- 2 7 .8

0.2

2 8 .0

0 .3

2 7 .7
Z49%?-1

0 . 4

2 7 .8
■26-Z-Z9Z
0.2

26.8

0 .3

26.6
152-28-0

0 .3

1 26.3
14 3-15’( 
0.2

Pcd

+1S.E. -
4 .3

31 - 4 «g
0.1

4 .5
4 2-4.8
0.1

4.1
35-45
0.1

4 .3
G.0 -5 :0  
0.0

4 .0
3-X-4-3
0.1

4 . 2
3 6-4-8
0.1

4 .3
5-1-5 4
0.1

Pcw

+1S.E.

- 3 .0
% %-3 4

0.1

3 .0
2-8-3 1 
0.0

2.8
XI -3-0 
0.1

2.8
i'3-3'l
0.0

2 .4
2 3-%-~T 
0.1

2 .4
22-2-6
0.0

2 . 4  
1-0 —2’6 
0.0

+1S . E • -

1.9
15-24

0.1!

2 .5
2-1—3* (
0.1

2 .7
2-3 -3 .Z0.2

2 .9
76-32
0.0

3 .2
l-4-6-'(
0.2

5 .0
4 3,-94
0.1

4 . 6
3 1 -9 :3
0.1

T.Vol.

+1S.E. -
2 4 7 .0
204-322

11.0•

261.0
159-346

15.0

198.0 :
»66-2dS
17.0

!14.0
(48 -18 6 
8.0

147.0

10.0

140.0
io4-2jd

8.0

134.0
90-200

5 .0

Wet Wt. 

+1S.E. : 3 .7 6 3
2934-4526

0 .181

3 .9 3 8
195>-SV1S

0.241

3 .2 5 9
2-5162372,

0 .3 3 4

3 .3 6 4
2315-4(61

0 .117

2.960 
24)0-33(0

0 .1 2 3

3.671
1614 (f 471

0 .1 4 9

2 .5 5 7
M66-3-(45d

0 .0 7 6

C.Pact 

+1S.E.

- 1.42
(22-160

0 .0 3

1 .48
(32- (66

0 .0 3

1 .38
(239-99

0 .0 5

1.35
174-1-91
0.02

1.37
(•10-(’54-

0 .0 4

1.88
(•9(-l’l9

0 .0 5

1.33
1 (9-1’59 

0.02



APPENDIX 5 The mean total length (mm), hody intervals (as ^ of

total length), tail volume (mm^), wet weight (g) and condition factor 
W 6—  ̂X 10 (with attached standard errors )of males caught at 

Longhridge Deverill, Wiltshire during the 1971/72 metamorphosing

season.
1I



stage I
'•

II III IV V VI VII+VIII

T.L. 133.15

■’)
132.67 _ _ 125.88 131 .75
ai -137 (i3-(38 123- (44

+1S.E. 1.89 1.23
■ ■

3 .19 4 .7 0

d 3 .7 . 3 .3 _ _ 5 .8 5 .9
3 (-4 9 X-q‘7  8 9* ( —G' 6 9 7-6-1

+1S.E. 0.1 0.1 — — — 0.2 0.1

d- 0 '4 .3 4 .7 8.1 8.2
dd-9-Z 73 9 < 7 - 6 -3-7

+1S.E. 0.1 0.1 — — - 0.2 0.2

d-B 7.0' 7 .7 11.7 11,8
7-(-3'3 (0.8-(2 4 ((-9- 1(7+1S.E. 0.1 0.2 0.2 0.1

a—c 2 7 .5 28.1 28.6 2 8 .5
19771-9 16-9-217 17-3-30-7 216-11-4

+1S.E. 0.2 0 . 4 0 . 4 0 . 4

Pcd 4 .7 4 .8 4 .5 5 .0
47'9-0 4-9-9 1 3-2-9*0 4 9-9-6

+1S.E. 0.1 0.1 — — — 0.2 0.2

Pcw 3.1 3.1 _ _ 2.6 2 .7
17-3'd 3-0 - 3-1 1-4-%-%

+1S.E. 0.0 0.0 _ — 0.1 0.1

2.1 2 .5 _ 5 .6 5 .8
n - 7 G 41-1-0 9-2 - G-1

+1S.E. 0.1 0.1 — 0 .3 0.2

ToVol. :250.0 2 5 6 .0 _ 183.0 2 2 8 .0

129716 17-399“ Ml-lSlf
iis.E. 14.0 11.0 — — - 21.0 ,4 .0

WetWto 4 .044 3 .9 8 6 _ 3 .4 5 6 3.981
Vnv96io 3408-4391 1482-6 851 3 04g- 4.-2 28

+1S.E. 0 .1 8 2 0 .1 6 6 — —
1

0 .2 7 9 0 .4 1 0

C.Pact. 1.69 1.70 _ 1.71 1.72
192-(*82 (•91 - I 1( 1-96 -1.87 ( 6U -(.81

+1S.E. 0.02 0 .0 5 - - - 0 .0 4 0 .0 5

- _



APPENDIX 6 The mean total length (mm), hody intervals (as% of

total length), tail volume (mm̂ ), wet weight (g) and condition 
W 6factor —- X 10 (with attached standard error^ of females caught 

at Longhridge Deverill, Wiltshire during the 1971/?2'metamorphosing 

season.



stage I II III IV V
VI + 
VlI-rVII

T.L. 142.37
:i

139.56 _ ■ — _ 122.67
112- IGl 1X9- 149 114-- 117+1S.P. 2.51 2 .2 4 — 4 .3 3

d 3 .7 3 .3 _ 4 .8
3 0 -4 % 3*It3'9 37-9 9

+1S.S. 0.1 0 .1
■

0.5

d- 0 4 .3 4 .6 7.1
3-1 - 9  ( 4 .3 - 4 7 4*9-7 9'

+1S.2. 0.1 0.1 — 0 .3

d-B 6.8 ' 7 .4 10.71 63-77 6 7 -7.7 (ô.o -((-1
+1S.5. 0.1 0.1 — — — 0 . 4

ar-C 2 7 .5 2 7 .9 26.6
f x7-3-xia 14'6 -17-6

+1S.E. 0 .3 0 .2 — — — 1.0

Pcd 4 .7 4.8 4 .4
42-97 4*4-90 43-4*9

+1S.E. 0.1 0.1 — — — 0.1

Pcw 3.1 3 .3 2 . 4
3/1-36 1-3-3-7 14

+1S.E. 0.1 0.1 — — — 0.0

hDp 2.2 2.6 5 .0
l-9-l'7 1- ( —3* • 4 .3 - 9 9

+1S.E. 0.1 0.1 — — — 0 . 4

T.Vol. 307 .0 318 .0 _ _ _ 137.0
t8d-S03 171-377 »o«-»ss

+1S.E. 19.0 22.0 — — — 18.0

WetWt. 4.901 4 .7 1 8 _ _ 3 .2 4 8
30» (-7-181 14799613 3.01 g .3 4 9 4

+1S.E. 0 .2 4 4 0 .2 8 0 — 0.110

C .Pact. 1.68 1.72 1 .78
l-U-8- ulo ('53-1'70 1*51-1* OW

+1S.E. 0 .0 3 0 .0 4 • - - - 0 .1 5



APPENDIX 7 The mean total length (mm) and the mean wet weight 

(g) (with 95^ confidence limits and range) for animais caught in 

Highland Water in the New Forest during 1971 and 1972 and used 

for lipid analysis.



HIGHLAND WATER, NEW FOREST

Date Stage Sex n Mean
T.L.

Mean Wet 
Weight -95# c.L. Range

1971 VI 24 110.04 2 .1827 0 .1 1 3 5 1.5740-2 .5 7 6 0

VI ? 15 117.33 2 .4 7 8 6 0 .2 7 1 5 1.8730-3 .6 1 1 0

VII 16 115.63 2 .3239 0 .2 3 2 4 1.6320-3 .4 1 6 0

VII 4 120.25 3 .3450 0 .2 2 8 5 3 .1830-3 .6 9 1 0

VIII ?- 8 114.75 2.2471 0 .5 3 9 9 1.3090-3 .4 8 1 0

1971-72
I-V 15 114.00 2 .1540 0 .2 9 8 2 1.3980-3 .4910

I-V ? 13 121.38 2 .7552 0.3741 1.8480-4 .1 1 8 0

VI 10 110.90 2 .1670 * 0 .1 8 8 2 1.6110-2.5490
VI ? 10 115.80 2.5971 0 .2 7 5 6 1.9550-3 .3 4 2 0

VII cf' 13 116.15 2 .3532 0 .3 4 4 8 1.3570-3 .6590

VII ? 7 108.14 2 .0 5 4 3 0 .3 0 2 9 1.6080-2 .6 4 4 0

AMMOCOETES
17/3/72 10 114.60

107-
126

1.9444 0 .2 1 2 7 1.4510-2 .5 0 3 0

27/7/72 10 61.70
5^
68

0 .3 8 0 3 0 .0 5 0 8 0 .2750-0 .5 2 0 0

10 92 ..40 
86- 
98

1.1297 0 .1 0 4 9 0 .8940-1 .3860

10 114.30
107-
125

1.9641 0 .2 2 0 2 1.5750-2 .6 8 0 0



APPENDIX 8 The mean total length (mm) and the mean dry weight 

(g) (with 95# confidence limits and range) for animals caught 

in Highland Water in the New Forest during 1971 and 1972 and 

used for lipid analysis.



HIGHLAND WATER, NEW FOREST

Date Stage Sex n Mean
T.L.

Mean Dry 
Weight ^ ^ 5#  C .L. Range

1971
VI cf" 24 110.04 0.4222 0.0308 O.3OO6-O.6196

VI ? 15 117.33 0.5832 0.0785 0.4390-0 .9163

VII ( f 16 115.63 0.4084 O.O603 0.2744-0 .6935
VII S 4 120.25 0.6728 0.1491 0.5039-0 .8520

VIII 9 8 114.75 0.3143 0.1042 0.1707-0.6271

1971-72
I-V c f 15 114.00 0.5842 O.IO61 0.3019-1 .0378

I-V . 9 13 121.38 0.7510 0.1259 0.4703-1 .1580

VI c f 10 110.90 0.4155 0.0470 0.3136-0.5457
VI 9 10 115.80 0.5362 0.0547 0.4104-0 .6720

VII c f 13 116.15 0.4186 0.0884 0.1765-0 .7238

VII 9 7 108.14 0.3322 0.0539 0.2474-0.4601

AMMOCOETES
17/3/72 10 114.60

107-
126

0.4287 0.0804 0.2954-0 .6287

27/7 /72 - 10 61.70
55-
68

O.O65O 0.0094 0.0451-0 .0922

II 10 92.40
86-
98

0.2291 0.0328 0.1657-0 .3403

II 10 114.30
107-
125

0.4647 0.0940 0.2950-0 .7585



APPENDIX 9 The mean total length (mm) and the mean weight of 

lipid (g) (with 95# confidence limits and range) for animals 

caught in Highland Water in the New Forest during .1971 and 1972 

and used for lipid analysis.



HIGHLAND WATIR, NEW FOREST

Date Stage Sex n
Mean
T.L.

Mean Wt. 
Lipid • -95# C.L. Range

1971

VI <V 24 110.04 0.1310 0.0181 0.0783-0.2699
VI

Î 15 117.33 0.1945 0.0385 0.0880-0 .3675

VII 16 115.63 0.0977 0.0266 0.0519-0.2735
VII ? 4 120.25 0.1679 0.0647 0.1105-0.2630

VIII 9 8 114.75 O.O64I 0.0347 0.0295-0.1760

1971-72
I-V c f 15 114.00 0.2786 0.0622 0.1010-0.5125
I-V ? 13 121.38 0.3465 0.0749 0.1875-0 .6426

VI c f 16 110.90 0.1416 0.0250 0.0982-0 .2134
VI ? 10 115.80 0.1570 0.0229 0.1101-0.2022

VII ( f 13 116.15 0.1342 0.0450 0.0312-0.2971

VII 9 7 108.14 0.0979 0.0195 0.0629-0 .1294

AMMOCOETES
17/3/72

1

10 114.60
107-
126

0.1449 0.0558 0.0511-0.2587

27/7/72 - 10 61.VO
55-
68

0.0276 0.0041 0.0171-0 .0366

II 10 92.40

86-
98

0 .0 8 3 3 0.0256 0.0473-0.1622

II 10 114.30
107-
125

0.1882 O.O644 0 .0904-0 .3 9 2 0



APPENDIX 10 The mean total length (mm) and the mean weight 

of water (g)(with 95# confidence limits and range) for animals 

caught in Highland Water in the New Forest during 1971 and 1972 and 

used for lipid analysis.



HIGHLAND WATER, NEW FOREST

Date Stage Sex n Mean
T.L.

Mean Wt. 
Water +95#  c .L . Range

1971
VI c f 24 110.04 1.7605 0.0879 1.2734-2.0847

VI Î 15 117.33 1.8954 0.2038 1.4166-2.7591

VII cf 16 115.63 1.9155 0.1770 1.3576-2.7225

VII 5 4 120.25 2.6723 0.1258 2 .5286 -2 .8390

VIII
2

8 114.75 1.9328 0.4430 1.1330-2.8539

1971-72
I-V c f 15 114.00 1.5698 0.1950 1.0961-2.4532

I-V 2 13 121.38 2.0042 0.2534 1.3676-2.9600

VI c f 10 110.90 1.7515 0.1466 1.4462-2.0409

VI Î 10 115.80 2.0609 0.2365 1.5433-2.7470

VII c f 13 116.15 1.9346 0.2600 1.1805-2.9352

VII 9 7 108.14 1.7221 0.2516 1.3606-2.1839

AMMOCOETES
17/3/72 - 10 114.60 1.5157 0.1582 1.2745-1.8743

107-
126

27/7/72 - 10 61.70
5^
68

0.3153 0.0423 0.2299-0 .4304

II 10 92.40
86-
98

O.9OO6 0.0836 0.7148-1 .794

II 10 114.30
107-

125

1.4994 0.1360 1.2561-1.9215



APPENDIX 11 The mean total length (mm) and the mean wet weight 

(g) (with 95# confidence limits and range) for animals caught 

in the River Honddu in South Wales during 1971 and 1972 and used 

for lipid analysis.



RIVER PDNDDU, SOUTH WALES

Date Stage S ex n Mean
T.L.

Mean Wet 
Weight• -  95#  C .L. Range

1971 VI c f 10 125.30 2.6926 0.2811 2.0150-3.7100

VI ? 10 128.10 2.9510 0.2009 2.4980-3.4310

VII cT 5 121.40 2.8722 0 /&M 5 2.3600-3.6810

VII
? 5 122.20 3.3554 0.1783 3.1720-3.6880

1971-72
I-V c f 15 133.73 3.3079 0.3423 2.7110-4.6880

I-V î 15 139.47 3.7775 0.2548 2.9340-4.4700

VI cf 4 132.25 3.2928 0.7302 2.3900-4.1610

VI
?

4 129.25 2.8740 . 0.3323 2.4000-3.2060

VII c f 10 124.70 2.9176 0.2488 2.5280-3.7150

VII 9 3 123.00 3.7237 0.2264 3.5280-3.9280

VIII 9 7 124.57 2.7839 0.3677 2.0610-3.4540

AMMOCOETES
15/3/72 10 144.80

132-
157

3.9617 0.4643 2.7620-5.0510

2Î5/ 7/72 10 59.80
52.-
69

0.3545 0.0619 0.2270-0.5100

t l 10 95.40
87-

102

1.2024 0.1383 0.8820-1.5970

II 9 128.22
122-
132

2.8210 0.1811 2.4500-3.2020



APPENDIX 12 The mean total length (mm) and the mean dry 

weight (g) (with 95# confidence limits and range) for animals 
caught in the River Honddu in South Wales during 1971 and 1972 

and used for .lipid analysis.



RIVER HDNDDU, SOUTH WALES

Date Stage Sex n Mean
T.L.

Mean Dry 
Weight ^ ^ 5# C .L. Range

1971 VI cf 10 125.30 0.4788 0.0754 0.3312-0.7607
VI

9
10 128.10 0.6480 0.0497 0.5244-0 .7806

VII cf 5 121.40 0.4564 0.1052 0.3441-0.6289

VII
9

5 122.20 0.5351 0.0227 0.5039-0.5629

1971-72
I-V < f 15 133.73 0.8899 0.1209 0.5390-1.3399
I-V

9 15 139.47 1.0095 0.0788 0.8122-1.2857

VI cf 4 132.25 0.6490 0.2185 0.3823-0.9275

VI
9 4 129.25 0.6635 0.0943 0.5497-0.7652

VII cf 10 124.70 0.4191 0.0471 0.3491-0.5719
VII $ 3 123.00 0.4800 0.2006 0.2792-0 .6148

VIII 9 7 124.57 0.3409 0.0550 0.2403-0 .4412

AMMOCOETES
15/3/72

■

10 144.80
132-
157

1.1349 0.1852 0.6270-1.5963

25/7/72 - 10 59.80
52-
69

0.0542 0.0121 0.0337-0.0960

II

■

10 95.40
87-
102

0.2409 0.0519 0.1535-0.4371

II 9 128.22
122-
132

0.7160 0.0615 0.6219-0.8647



APPENDIX 13 The mean total length (mm) and the mean -weight 

of lipid (g) (with 95^ confidence limits and range) for animals 

caught in the River Honddu in South Wales during 1971 and 

1972 and used for lipid analysis.



RIVER HONDDU, SOUTH WALES

Date Stage Sex n Mean
T.L.

Mean Wt. 
Lipid ^^5# c:D. Range

1971
VI c7 10 125.30 0 .1 3 6 3 0 .0 3 9 3 0 .0797-0 .2 9 3 9

VI ? 10 128.10 0 .1 8 4 2 0 .0 2 4 3 0 .1305-0 .2 4 8 7

VII cT 5 121.40 0 .0 9 2 4 0 .0 2 7 4 0 .0654-0 .1 4 0 3

VII ? 5 122.20 0 .1 1 3 2 0.0068 0 .1003-0 .1 2 0 8

1971-72
I-V cf 15 133.73 O.4O64 0 .0 7 1 7 0.2022-0.6273
I-V ? 15 139.47 0 .4 6 2 3 0 .0 4 4 9 0 .3032-0 .6 0 7 4

1 VI (f 4 132.25 0 .2 2 5 0 0 .1 0 8 6 0 .1020-0 .3 7 1 3
i VI ? 4 129.25 0.2191 0 .0 5 1 6 0.1626-0.2647

VII 10 124.70 0 .0 9 7 4 0 .0 1 2 3 0 .0797-0 .1 3 5 3

VII 9 3 123.00 0 .1 1 4 3 0 .0 5 8 4 O.O568-O.I665

VIII 9 7 124.57 0 .0 7 3 4 0 .0 1%) 0 .0492-0 .0 9 8 9

AMMOCOETES '
15/3 /7 2 10 144.80

132-
157

0 .5892 0.1339 0 .2337-0 .8 9 1 9

25/7 /7 2 - 10 59 .80
52-
69

0 .0272 0 .0 0 4 8 0 .0166-0 .0 4 6 0

H

■
10 . 9 5 .4 0  

87- 
102

0 .0 9 4 0 0 .0 3 6 7 0 .0425-0 .2 4 5 0

I I 9 128.22
122-
132

0 .3 2 2 4 0 .0327 0 .2781-0 .4 0 0 2



APPENDIX 14 The mean total length (mm) and the mean weight 

of water (g) (with 95% confidence limits and range) for animals 

caught in the River Honddu in South Wales during 1971 and 1972 

and used for lipid analysis. '



RIVER HONDDU, SOUTH WALES

Date Sex h Mean
T.L.

Mean Wt. 
Water -95% C.L. Range

1971
VI 10 125.30 2 .2 1 3 8 0 .2 0 8 2 1.6838-2 .9 4 9 3

VI 9 10 128.10 2 .3030 0 .1 5 8 8 1.9736-2 .6504-

VII cT 5 121.40 2 .4 1 5 8 0 .3 9 6 5 2 .0159-3.0521

VII ? 5 122.20 2 .8203 0.1673 2 .6597-3 .1251

1971-72

I-V d" 15 133.73 2 .4180 0 .2 4 0 3 1.9950-3.3481

I-V 9 15 139.47 2 .7 6 8 0 D .1812 2 .1798-3 .2 4 0 3

VI cf 4 132.25 2 .6438 0 .5 1 8 2 2 .0077-3 .2 3 3 5

VI 9 4 129 .25 2 .2 1 0 5 0.2511 1.8503-2 .4 4 0 8

VII 10 124.70 2i4985 0 .2 0 4 5 2 .1789-3.1431

VII ? 3 123.00 3 .2437 0 .0 8 1 7 3 .1690-3 .3 1 3 2

VIII 9 7 124.57 2 .4430 0 .3 1 3 8 1.8207-3 .0 2 7 9

AMMOCOETES
15/3 /7 2

■

10 144.80
132-
157

2 .8 2 6 8 0 .2 9 8 7 2 .1350-3 .6 0 7 3

25/7 /7 2 - 10 59 .80
52-
69

0 .3002 0 .0 5 0 4 0 .1892-0 .4 1 4 0

tt 10 9 5 .4 0
87-

102

0 .9 6 1 5 0 .0 9 2 3 0 .7109-1 .1599

II 9 128.22

122-
132

2 o1050 0 .1 3 4 7 1.8010-2 .2 5 1 8



APPENDIX 15 The mean total length (mm) and the mean wet weight 

(g) (with confidence limits and range) for animals caught at 

Longhridge Deverill in Wiltshire during 1971 and 1972 and used 

for lipid analysis.

APPENDIX 16 The mean total length (mm) and the mean dry 

weight (g) (with 95% confidence limits and range) for animals 

caught at Longhridge Deverill in Wiltshire during 19TÏ and 

1972 and used for lipid analysis.



LQNGBRIDGE DEVERILL, WILTSHIRE

Date Stage Sex n Mpan
T.L.

Mean Wet 
Weight ^^5% C.L. Range

1971 i / i i cf 17 134.59 4.1548 0.3324 3.3300-5.5100
i/ii 9 18 142.06 4.8961 0.3881 3.0110-6.0920

AMMOCOETES
16/3/72

3 81.00 0.8520 0.4043 2.8670-6.2900
II - 6 139.00 3.9585 0.6868 0.4820-1.1950

Date Stage Sex n Mean
T.L.

Mean Dry 
Weight ^^5% C.L. Range

1971 l / l i c f 17 134.59 1.1698 0.1038 0.8672-1.5743
l / i i

9
18 142.06 1.3626 0.1182 0.7932-1.6350

AMMOCOETES
16/3/72 3 81.00 0.1976 0.1047 0.5982-1.9887

I I — 6 139.00 1.1206 0.4074 0.0910-0.2560



APPENDIX 17 The mean total length (mm) and the mean weight of 

lipid (g) (with confidence limits and range) for animals caught 

at Longhridge Deverill in Wiltshire during 1971 and 1972 and used 

for lipid analysis.

APPENDIX 18 The mean total length (mm)'and the mean weight 

of water (g) (with 95% confidence limits and range) for animals 

caught at Longhridge Deverill in Wiltshire during 1971 and 1972 

and used for lipid analysis.



LOKGERIDGE DEVERILL, WILTSHIRE

Date Stage Sex n Mean
T.L.

Mean Wt. 
Lipid

-95% C.L. Range

1971
i/ii (7 17 134.59 0 .5531 0 .0 5 8 2 0 .3883-0 .7 9 5 8

i/ii
2

18 142.06 0 .6 0 3 6 0 .0 5 4 8 0 .3141-0 .7 7 2 3

AMMOCOETES
16/3 /7 2 3 81^00 0 .0 8 2 3 0 .0 5 2 9 0 .1778-0 .9711

I I 6 139.00 0 .5 1 4 5 0 .2 3 1 4 0 .0336-0 .1 2 7 0

Date Stage Sex n Mean
T.L.

Mean Wt. 
Water -95% C.L. Range

1971

i/ii c7 17 134.59 2 .9850 0 .2 3 4 5 2 .4148-3 .9 9 5 5
i/ii 9 18 142 .06 3 .5 3 3 5 0 .2 7 8 4 2 .2178-4 .4 9 9 8

AMMOCOETES
16/3 /7 2 3 8 1 .0 0 0 .6 5 4 4 0 .3 1 0 7 2 .1132-4 .3 0 1 3

11 — 6 139.00 2 .8 3 7 9 0.6369 0 .3910-0 .9 3 9 0


