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Summary 

Numbers of cormorants Phalacmcor~x carbo breeding inland in England have increased 
markcdly over the past I S years. Since first brceding inland at Abberton Reservoir, Essex, in 
108 1, numbers have jncrcased at a mean of 35% per year to reach 1,437 pairs at 23 sites in 
199s. The availability of suitable breeding sites suggests that numbers of cormorants 
breeding inland in England will continue to increase for the foreseeable future. Ringing 
studies and DNA analysis have proven that inland brceding cormorants in Great Britain are a 
mixture of Atlantic race 1’. carho carbo and the continental race P. c. sinensis. DNA studies 
and field observations suggest that sinensis predominate, especially during initial 
colonisation. European si~ensis populations show different migratory patterns to curho, 
migrating over large distances to winter inland in Europe (espccially France) and along the 
Mediterranean and North African coasts. Coastal brceding curb0 populations however, tend 
to winter much closer to their breeding colonies on the Atlantic and North Sea coasts. This 
report describes the distribution and movements of inland breeding cormorants in England in 
relation to season, age, and colony of origin. 

Of 1,645 cormorants ringed at four inland breeding colonies (1,336 at Abberton, 19 1 at 
Bcstliorpe Gravel Pits, Nottinghamshire, 81 at Rutland Water, Leicestershire, and 37 at 
Paxton Pits, Cambridgeshire), 53% o l  birds were resighted totalling somc 4,078 sightings, 
mostly from southern and eastern England. Some 2-20% of birds were resighted abroad 
depending on the time of year. Most were resighted in winter, mainly from Thr: Netherlands 
and France, but three birds were recovered from Spain and one from Tunisia. Only thee 
birds from Bcsthorpe (2.8% of the total number of birds resighted) were resighted abroad 
compared with 61 birds from Abberton (8.6%). A much higher pcrcentage (26%) of 
Abberton recoveries were overseas. This may more accuratcly reflect the true proportion of 
cormorants wintering overseas as rcsighting data may bc biassed by a higher ring reading 
effort in England. Cormorants resighted overseas were predominantly young birds, with 90% 
of recoveries relating to birds of three years and younger. Cormorants were resighted at 269 
different sitcs: 237 sites for Abberton birds, 48 for Besthorpe birds, 20 for Paxton birds and 
I 1 for Rutland birds. However, individual birds were generally seen at only a few sites: 56% 
of birds wcrc resighted at only one site, and 84% at one or two sites. Only 11 birds (all from 
Abberton) werc seen at five or more sites with a maximum of seven sites used by one 
individual. 

General linear modelling was used to invcstigate trends in latitude of resighting distance 
from natal colony and proportion of resightings abroad. Besthorpe birds were resighted 
significantly further north than Abberton birds, even after taking into account the difference 
in latitude between the two colonies, and birds from both Abberton and Besthorpe were on 
average resighted to the north of their breeding colonies. First year birds were resighted 
further north than second year birds and adults. This combined with thc greater tendency of 
young birds to be recovered abroad probably reflects the greater tendency for dispersal in 
immature birds. Cormorants of all ages were resighted further from their natal colonies 
during autumn and winter, on average some 90-120km away. Adults were found closer to 
their natal colonies than first or second year birds throughout the year, and first year birds 
were resighted further away than second year birds except during thc post-fledging period. 
Juvenile cormorants dispersed rapidly from Abberton - within two months of fledging 
juveniles were resighted on average over 1 0 0 h  from the breeding colony. Mean resighting 
distance then rcmained at 100- 150km until February from when birds moved back towards 
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Abberton. However, most birds apparently did not return to the colony in their first breeding 
season with a mean resighting distance of over 50km in May. Second ycar birds and adults 
did not show the rapid post-breeding dispersal characteristic of first years. Second year birds 
and adults returned to Abberton between January and March, although adults returned earlier 
than second year birds. 

As DNA analysis, ringing, and observational studies have all suggested that English inland 
cormorant colonies hold significant numbers of birds of sinensis origin and that appreciable 
numbers of these birds winter abroad, thc UK should be involved in any further development 
and implementation of the African-Eurasian Managerncnt Plan for sinensis being produced 
under the African-Eurasian Waterbird Agreement (AEWA). In keeping with the 
recommendation of the AEWA that action plans be produced for species causing conflict with 
human interests, the IJK should now produce a national action plan for cormorants, including 
both coastal breeding and inland breeding populations. Building on the extcnsivc, 
govcrnment-funded research programme on the impact of cormorants on fish stocks in Great 
Britain due to bc completed in 1999, this action plan should dctermine appropriate 
rnanagerncnt measures for cormorants in the UK. Although this study was not designed to 
investigate site fidelity, movement data suggcsted that cormorants breeding in inland colonies 
in England dispersed widely during the non-breeding season, but individual birds appeared to 
be site faithful. This suggests that limited winter control of cormorants in England is unlikely 
to have an appreciable impact on inland breeding colonies. However, to predict the effect of 
winter control rnorc detailed studies of dispersal and sitc fidelity in individual birds of known 
age and sex both within and bctween winters would be required. This study highlighted the 
need for ongoing and substantial colour-ringing effort at inland cormorant colonies in 
England if the development of inland breeding is to be monitored adequately. Trends in 
movements of inland breeding cormorants can only be explained if: a) sufficient individuals 
at sufficient colonies are ringed annually and on an ongoing basis; and b) adequate data on 
factors explaining trends in movements are collected. 
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1. Introduction 

Many European countries have, in the last few years, experienced notable increases in the 
numbers of inland breeding cormorants of the Continental race Phalacrocorax carho sinensis 
(hereafler sinensis). For example, total breeding numbers in Poland, Germany, the 
Netherlands, Sweden and Denmark increased from 4,900 pairs in 1971 to 94,700 pairs by 
1995 (Bregnballe 1996j, a mean annual rate of increase of 13% per year. An additional 
50,000 pairs now breed elsewhere in Europe giving a world population of sinensis in the 
region of 150,000 pairs (Russell et al. 1996). Historically, British cormorants have been 
mainly ofthe nominate North Atlantic race P, curho curbo (hereafter carho), which bred on 
the coast and usually remained in coastal waters in winter, but there is growing evidence that 
sinensis now compriscs an increasing proportion of both the wintering and breeding 
population in Great Britain, especially at inland sites. 

Between 1970 and 1985, cormorants shifted their wintering distribution to cxploit inland 
waterbadies, with the proportion of birds recovered inland doubling from 20% to 40% 
(Wernham et al. 1 997 j. Since first breeding inland in England in 1 98 1, the number of inland 
breeding cormorants increased to 1,437 pairs by 1998*, a mean annual rate of increase of 
35%. Ringing studies and DNA analysis have suggested that inland breeding cormorants in 
Great Britain arc a mixture of Atlantic curho and Continental sinensis (Ekins 1996, Goostrey 
1997, Goostrey et al. 199Sj and recent observational and morphological studies have 
suggested that sinensis predominate, especially during initial colonisation (Newson in prep. j. 

European sinensis- populations show different migratory patterns to carbo, migrating over 
large distances to winter inland in Europe (especially France) and along the Mediterranean 
and North African coasts (Van Eerden & Munstemann 1995). Coastal populations of curbo 
however, tend to winter much closer to their breeding colonies an the Atlantic and North Sea 
coasts (Coulson & Brazendale 1968, Wernham et al. 1997). Preliminary analysis of the 
movements of cormorants breeding at Abberton Reservoir, Essex, suggested that 25% of 
birds may winter abroad (Ekins 1996j implying that Abberton cormorants may show similar 
migratory habits to European populations of sinensis. 

Although there have been a number of past studies on the movements of cormorants breeding 
at Abberton (Ekins 1990, 1994, 1996, 1997, Ekins 22 Hughes 1994), this is the first detailed 
analysis of these data and the first to include other inland colonies. This report aims to 
describe the distribution and movements of inland breeding cormorants in England in relation 
to season, age, and colony of origin, and thus to identify times and locations at which 
cormorants originating from these colonies may be sensitive to control. 



2. Study sites and methods 

2.1 Ringing studies 

'Tlie study is based on resightings and recoveries (subscquently referred to as resightings) of 
1,645 cormorants ringed as 4-5 week old pulli at four inland breeding colonies in England, 
the majority from Abberton Reservoir (5 1 "49'N, 0'5 1'E) and Besthorpe Gravcl Pits, 
Nottinghamshire (53"1O'N, 0'45'W) (Figure 1, Table 1). 

Figure 1. Geographic location af four cormorant inland breeding colonies in England included in the current 
analysis of movements and distribution. 

Metal-ringing began at Abberton in 1989, colour-ringing tlie following yeas. In the first two 
years of colour-ringing at Abberton, 48 and 50 birds were colour-ringed. Subsequently, a 
sub-sample of 129-1 6 1 (mean 145 f 4 (SE)) Abberton pulli have been colour-ringed. At thc 
three other inland colonies (Besthorpe; Paxton Pits, Cambridgeshire (52"14'N, O"15'W); and 
Rutland Water, Leicestershire (52"39'N, Oo41'W)), ringing bcgan in 1995 with a total of 309 
birds fitted with both metal and colour rings by 1998. Colour-ringing at Rutland, Resthorpe 
and Abberton is ongoing, but has been curtailed at Paxton Pits due to operational constraints. 
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Table 1 .  Number of cormorant pulli ringed at four inland colonies in England, 1989- 1998. Figures in 
parentheses at Abberton are nurnbcrs of birds ringed with metal rings only, 

2.2 Geographical distribution of resig htings 

Records for which details were incomplete or uncertain were excluded, leaving a total of 
3,121 resightings of 830 birds. These resightings were then mapped by colony, age class 
(first year, second year and adult (three years and older)), month of the year and month sincc 
ringing. These distribution maps are appended as Annexes 1-4 with individual maps included 
in the text to illustrate salient points. 

2.3 Factors explaining movements and distribution 

General linear modelling in GLlM (Crawley 1993) was used to investigate trends in latitude 
of resighting, distance from natal colony and proportion of resightings abroad. To reduce 
problems of pseudoreplication, only onc rcplicate per bird was included for each month and 
sitc. Birds from Paxton Pits and Rutland Water were excluded due to small sample size. In 
order to normalise resighting data, 20 resightings of six birds at latitudes less than 48 O oust 
south of Paris) were also excluded leaving a total of 3,lO 1 resightings of 824 birds. 

The main effects included in general linear models were: 

1. month (continuous variable); 

2. month2 (continuous variable). As the relationship between month and latitude was 
curvilinear, a quadratic month term was included; 

3. year (factor of nine); 

4. colony (factor of two: Abberton and Besthorpe); 

5. age class (factor of three: first year, second year, adult). 
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2.3.1 Latitude of resighting 

As the data wcre normally distributed, a Normal error distribution and identity link wcre used 
(Crawley 1993). Model devclopment proceeded by adding all main effects and all possible 
first, second and third order interactions to produce the full model. The minimal adequate 
model was then produced by removing non-significant interactions and main effects, 
bcginriing with the higher order intcractions and removing thc least significant first (D0.05).  
Signiiicance was assessed by removing terms from the full model and inspecting the changes 
in deviance with respect to the change in the degrees of freedom (Crawley 1993 j. Following 
production of-the minimal adequate model, main effects and first order interactions were 
added individually to the model to check all were still nowsignificant. As the single third 
order interaction term was non-significant, the significance of second order interactions was 
assessed by removing and replacing them from the minimal adequate model; the significance 
of first order interactions was assessed by removing and replacing them from a model of main 
cffccts and significant first order interactions only; the significance of main effects from a 
model of significant main effects only. 

2.3.2 Distance between ringing and resighting site 

Log transformed distances proved to be normally distributed, so a normal error distribution 
and identity link were used (Crawley 1993). Model development proceeded by adding all 
main effects and all possible first, second and third order interactions to produce the full 
model. The minimal adequate model was then produced by removing non-significant 
interactions and main effects, beginning with the higher order interactions and removing the 
least significant first (l”l.05). Significance was assessed by removing terms from the full 
model and inspecting the changes in deviance with respect to the change in the degrees of 
freedom (Crawley 1993 j. As thc single third order interaction term was non-significant, the 
significance of second order interactions was assessed by removing and replacing them from 
the minimal adequate model; the significance of first order interactions was assessed by 
removing and replacing them from a model of main effects and significant first order 
interactions only; the significance of main effects from a model of significant main effects 
only. 

2.3.3 Proportion of birds resighted abroad 

To investigate factors affecting the proportion of cormorants resighted abroad, a data matrix 
was constructed containing the total number of birds resighled and the total resighted abroad 
for each age class, month and year combination for the Abberton and Besthorpc colonies. A 
binomial crror distribution and logit link were used with the number of birds sighted abroad 
per month as the response variable and the total number of birds resighted per month as the 
binomial denominator (Crawley 1 993). Model development proceeded by adding all main 
effects and all possible first, second and third order interactions to produce the full model. 
The ininimal adequate model was then produced by removing non-significant interactions and 
main eflkcts, beginning with the higher order interactions and removing the least significant 
first (-0.05). Significance was assessed by rcmoving terms from the full model and 
inspecting the changes in deviance with respect to the change in the degrees of freedom 
(Crawley 1993). As all second and third order interaction terms were non-significant, the 
significance of first order interactions was assessed by removing and replacing them from the 

13 



minimal adequate model; the significance of main effects from a model of significant main 
effects only. 
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3. Results 

3.1 Resighting rates 

Of the 1,645 cormorants ringed at the four study sites, 53% were subsequently resighted, 
totalling some 4,078 resightings ('l'ablcs 2 & 3 j. Resighting rates for Abberton (54%) and 
Resthorpe were similar (56%j, although fewer birds were secn from Paxton Pits and Rutland 
where fewer birds had been marked. The perccntagc of birds resighted from each age cohort 
(over the course of the whole study period) varied from 18 to 92% or 56-92% excluding the 
1 998 year cohort (for which only six months resighting data werc available) and the 1989- 
199 1 cohorts when 50 or fkwer birds were colour-ringcd (Table 2). 

Table 2. Overall resighting rate of cormorants ringed at four inland colonies in England, 1989-1998, by year 
cohort. Figures in parcntheses are total numbers of resightings. See Table 1 for numbers of birds ringed. 
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Table 3. Cumulative resighting ratcs of cormorants ringed at four inland colonies in England, 1989-1990. See 
Table I for numbers of birds ringed. 
- 
Year 

I990 

1991 

I992 

- 
- 

I993 

1994 

I995 

1996 

1997 

1998 

- 
I 

- 

Abberton Bestliorpe 

No. birds * !  No. birds % 
resighted birds resighted birds 

ringed ringed 

223 I 38 I - I " 

Paxton Rut 

No. birds '76 No. birds 
resighted birds resighted 

ringed 

- I - I -  

Ind 

"/o birds 
ringed 

16 

36 

39 

40 

I J ~1 
879 

Most cormorants were resighted only a small number of times aftcr ringing (Figure 2), 
although one Abberton bird was resighted 67 times. Of the 20 birds seen 25 times or morc 
since ringing, all but one were Abbcrton ringed birds, mostly resighted at Abberton and 
Hanningficld Reservoirs in Essex ( 5  1 % of resiglitings). The other bird was ringed at Rutland 
Water and resighted mainly at Besthorpe. 

Figure 2. Frequency distribution of the number of resightings per bird for connorants ringed at four inland 
breeding colonies in England, 1989- 1998. 
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Birds ringed at Abberton Reservoir were resighted more than birds from other colonies (Table 
41, although differcnces between colonies in the numbers of resightings per bird were not 
significant (Mann-Whitney U-Tests, PN.05). 

Table 4. Number of resightings per bird for cormorants ringed as pulli at four inland colonies in England, 
1 989- 1990. 

.- 7- -- .. r- .- ._ 
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_- 

Ringed cormorants were resighted at 269 different sites; 237 sites for Abberton birds, 48 for 
Besthorpe birds, 20 for Paxton birds and 11 for Rutland birds. However, individual birds 
were generally seen at only a few sites (Table 5 ,  Figure 3): 56% of birds were resighted at 
only one site, and 84% at one or two sites. Only 1 1 birds (all from Abberton) were seen at 
five or more sites with a maximum of seven sites used by one individual. 

Table 5. Nurnbcr of sites at which cormorants ringed as pulli at four inland colonies in England, 1989-1990 
were resighted. 
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Figure 3. Frequency distribution of the number of sites a2 which cormorants ringed as pulli at four inland 
colonies in England, 19S9-1990 were resighted. Data labels are number of birds resighted. 
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Most birds were resighted at sites with breeding colonies and/or roosts (Table 6). This 
reflects both the cormorant's fidelity to brceding and roosting sites and the fact that most 
resighting effort i s  conducted at such sites. However, no measure of resighting effort could 
be included in current analyses. A large proportion ofresightings of cormorants were made at 
their natal colonies: 43.9% (1,537/3,498) for Abberton ringed birds, 54.4% (21 6/397) for 
Besthorpe ringed birds, 66.1% (82/124) for Rutland ringed birds, and 16.9% (10/59) for 
Paxton ringcd birds. 

Table 6.  Sites with resightings of 2 10 cormorants ringed as pulli at four inland colonics in England, between 
1989 and 1998. Sites with breeding records in bold, breeding colonies in upper case, and night roosts in italics. 
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First year birds were recovered and resighted most often, with numbers declining thereafter 
(Figures 4 & 5) .  The oldest bird resighted was an eight year old Abberton bird ringed in 1991 
and resighted in the Netherlands. 

Figure 4. Age specific resighting rate for cormorants ringed at four inland breeding colonies in England, 1989- 
1998. 

50 

45 
n 
w 40 

35 Q 

oc 
cn 25 
0 

I- 

E 30 

g 20 

8 15 

10 

5 

Q 
1 2 3 4 5 6 7 0 

AGE (YEARS) 

19 



Figure 5 .  Age specific recovery rate for cormorants ringed at four inland breeding colonies in England, 1989- 
1998. 
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3.2 Resighting distribution 

Cormorants from inland breeding colonies in England were resighted mainly within England 
and mostly close to their natal colony (Figure 6). However, resighting information was sparse 
for birds from Paxton Pits, Rutland Water and to some extent Besthorpe, where fewer birds 
had been ringed. Abberton birds were found mainly in south-east England, around the coast 
of East Anglia with somc birds moving to the near continent and small numbers further south 
to Spain and Tunisia (see Section 3.2.3). Bcsthorpe birds had a morc northerly distribution 
than Abberton birds, reflecting not only thc more northerly location of the breeding colony, 
but a real tendency to remain further north (see Section 3.2.2). 

Resighiings of first and second year birds are much more widespread than those of adults 
(Figure 7). Although this may be partly due to the larger number of rcsightings of young 
birds, more detailed analysis suggests that younger birds do indeed disperse further than 
adults, espccially with regard to dispersal abroad (see Sections 3.2.2 & 3.2.3). 

Cormorants breeding at inland colonies in England tend to be more concentrated during the 
breeding season and most dispersed immediately post-breeding. Thus from January (when 
adults begin to return to their breeding colonies) through to June (when the majority of young 
begin to fledge), resightings are less extensive (Figure 8, Annex 1). Between July and 
Septembcr resightings are more widely distributed then less so in November and December 
when the majority of birds have reached their wintering sites. 

Examination of monthly resighting distributions of the three different age classes of 
cormorants suggests that although cormorants of all ages tend to be more concentrated during 
the breeding season, adults are much less dispersed during the non-breeding season than first 
year birds (Figure 9, Annexes 2-4)). 



Post-fledging dispersal can be illustrated by considering cormorants ringed at Abberton in 
relation to month from ringing date. The first birds to fledge may leave the colony almost 
immediately with sightings away from Abbertan within one month of fledging (Figure 10, 
Annex 5) .  Juvenile birds then rapidly disperse within their first two months (see Section 
3.2.2), mostly within southern and eastern England, but also to the continent. Although some 
birds return to Abherton during their first breeding season (at about 12 months of agc), many 
remain dispersed elsewhere. 
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Figure 6. Resighting distribution of cormorants ringed as pulli at four inland breeding sites in England. Key in 
(a) applies to all maps. Study sites markcd in black. 

(a) Rbberton Reservoir (N = 34% resightings of724 birds). 
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.dditional sightings: France (14), Spain (3), Tunisia (1). 

(b) Restliorpc Gravel Pits (N = 397 resightings of 107 birds). 

idditional sightings: Spain (4) 
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Figure 6 (cont.). Resighting distribution of cormorants ringed as pulli at four inland breeding 
sites in England. Key in (a) applies to all maps. 

(c) Paxton Pits (N 59 sightings of 16 birds). 

(d) Rutland Water (N = 124 sightings of 32 birds). 



Figure 7. Resighting distribution of connorants ringed as pulli at four inland breeding sites in England in 
relation to age at resighting. Key in (a) applies to all maps. 

(a) First years (N = 1970 resightings of 720 birds). 

Additional sightings: France (12), Spain (I),Tunisia (1). 

(b) Second years (N = 963 resightings of 28 1 birds). 

d 

. f l  * 
Additional sightings: France ( I ) ,  Spain (5). 
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Figure 7 (cont.). Resighting distribution of connorants ringed as pulli at four inland breeding 
sites in England in relation to age at resighting. Key in (a) applies to all maps. 

(c) Adults (N 7 1 145 resightings of 286 birds). 
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Additional sightings: France (1 ), Spain ( 1 ) .  
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Figure 8. Resighting distribution of cormorants ringed as pulli at four inland breeding sites in England during 
the breeding (May) and post-breeding (Septembcr) periods. 
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Figure 9. Urccding, post-breeding and wintering resighting distribution of cormorants ringcd as pulli at four 
inland breeding sites in England and resighted as first years or adults. 
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Figure YO. Kcsighting distribution of connorants ringed as pulli at Abbet-ton Reservoir, Esscx, in relation to 
month fiom ringing date (= age). Key in (a) applies to all maps. 

{a) (1 Month Old 

(h) 1-2 Months Old 
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Figure 10 (cont.). Resighting distribution of cormorants ringed as pulli at Abberton 
Rcservoir, Essex, in relation to month from ringing date (= age). Key in (a) applies to all 
maps. 

(c) 2-3 Months Old 

(d) 3-4 Months Old 
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