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Introduction

The Red Knot and the Dunlin are both shore-birds that breed in the Arctic and 
winter in southern areas. Between these grounds they migrate long distances 
and during migration they stopover at intermediate staging sites. Their life 
consists of annual cycles of breeding, wintering and migrating. 
Both Red Knot and Dunlin have subspecies. Subspecies are populations that 
differ within a family, they have intraspecific variances. This can be variance 
within several characteristics among which morphological, migratory, breeding 
and wintering characteristics. This diversity of subspecies provides a platform for 
comparisons. The subspecies occur together at the breeding grounds, e.g.  C.c. 
canutus and C.a. centralis at the Taymir peninsula. Breeding in the Arctic, 
requires that you breed at the right time, this is during the arthropod abundance 
peak. Meaning that long distance migratory subspecies need to be at the same 
breeding grounds, at the same time. Interesting is, to find out if certain life history 
stages, such as breeding, moult, wintering survival and migration are constructed 
the same or differ between their annual cycles. How an annual cycle is 
constructed depends on the selection pressures the subspecies faced or face 
during their existence. Buehler and Piersma 2008, already showed that 
subspecies of the Red Knot are under different selection pressures and that this 
corresponds with the subspecies differences in annual cycle. These selection 
pressures can originate from energetic, nutritional, temporal and disease risk 
bottlenecks (Buehler & Piersma 2008). 

The Red Knot has six subspecies; C.c. islandica, C.c canutus, C.c. piersmai, C.c. 
roselaari, C.c. rogersi and C.c. rufa. The Dunlin has eight subspecies; C.a. 
alpina, C.a. schinzii, C.a. arctica, C.a centralis, C.a. hudsonia, C.a. sakhalina, 
C.a. pacifica and C.a. articola. This study will mainly focus on C.c. Islandica & 
C.a. arctica breeding in Greenland, C.c. canutus & C.a. centralis breeding on the 
taymir peninsula and C.c. rufa and C.a. hudsonia breeding in north east Canada.

This study tries to document and compare certain life history stages during the 
annual cycles of Red Knot and Dunlin subspecies that breed together. Describing 
differences and similarities between them and possible effects that might result 
from this. 
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Annual Cycle – Location & Time

Knots have non-breeding areas on every continent except Antarctica and breed 
on high Arctic tundra (Piersma 2007). The Dunlin does not have trans-equatorial 
wintering areas like the Knot but does have tropical wintering areas. Dunlins also 
breed on the Arctic tundra. Both species migrate long-distances between 
wintering and breeding areas, using intermediate staging areas. 

Subspecies Breeding area Staging area Wintering area 

C.c. islandica northern Greenland
western Iceland & 
Wadden sea

Britain & Wadden 
sea 

C.c. canutus Taymir peninsula Wadden sea
Mauritania & Guinea-
Bissau

C.c. rufa north-east Canada
James Bay, NE USA, 
Maranhao

Tierra del Fuego

Table 1a. (Information from Buehler and Piersma 2008) 

Subspecies Breeding area Staging area Wintering area

C.a. arcticaI eastern Greenland north west Europe north west Africa

C.a. centralisII Taymir peninsula
Black sea & 
Kazachstan

Persian sea & Red 
sea, Tunesia

C.a. hudsoniaIII north east Canada, 
Hudson Bay

eastern America Gulf Coast

Table 1b. I) Buehler and Baker 2005, II) Wennerberg 2001, III) Maclean and 
Holmes 1971

The different subspecies cope with different selection pressures during the life 
history stages of their annual cycle. Location and time of presence, play a great 
role in the different selection pressures that subspecies encounter. 
For all subspecies it applies that breeding on the Arctic tundra is a challenge. 
They have to arrive “on time” and with extra-reserves as an insurance for 
possible seasonal fluctuations. Not to forget that Arctic springs are relatively cold 
and unpredictable. The staging areas are an important factor, especially during 
northward migration, when for some fuelling rates need to be high in order to 
leave in time. These birds will only manage, when prey is abundant and of high 
quality. It is also possible to use staging sites of lesser quality, but this does 
mean that they need to spend more time fuelling. With the arthropod abundance 
peak in mind, they then have to arrive earlier at these staging sites. Wintering 
areas need to provide the necessary food for the birds to recover from migration, 
stay at the wintering areas and to fatten up for northward migration. Off course, 
the nutritional aspect is not the only aspect of the location that is of importance. 
Other important aspects are; predation risk, disease risk and the climate/weather. 
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The numbers in the 
figures 1-6 stand for the 
duration of a stage in 
months.

When comparing the 
annual cycles, it is 
observed that there is 
inter and intraspecific 
variance in the use of 
time between the 
species and subspecies. 
As predicted, arriving at 
the breeding grounds is 
uniform for all of the 
described species, early-
mid June. When com-
paring the way in which 
time is distributed 
(table2) between the 
species during their 
annual cycle. Four of the 
eight de-scribed stages 
draw
the attention. 1) The time 
used to migrate from the 
breeding grounds 
towards the staging area. 
2) The time spend on the 
staging areas towards 
the wintering areas, 3) 
The time used to migrate 
from the staging areas to 
the wintering areas and 
4) the time used to 
migrate from the staging areas 
towards the breeding areas.

It turns up that the subspecies of Dunlin and Red Knot, use an equal amount of 
time to reach their staging areas. It is not exactly the same but overall it takes 
them ¼ to ½ months, to reach the staging areas during southern migration. 
During the next stage of southern migration, the staging, the time distribution 
between Dunlin and Red Knot is different. All Dunlin subspecies spend more time 
at the staging areas than the Red Knot subspecies. The Dunlin subspecies, also 
spend more time to migrate between the staging areas and the wintering areas 

Bachelor Thesis                                                                              July 9, 20095

Figure 1; derived from Buehler and Piersma 2008

Figure 2; derived from Forster and Brennan 2006



and between the staging areas and the breeding areas. The other four stages do 
not show any consistency in time distribution, between the species. 
Comparing the co-occurring 
subspecies gives mixed 
results. The two 
subspecies breeding on 
Greenland, differ in 
arrival and duration of 
stay at the breeding 
grounds. C.c. islandica 
(figure 1) arrives ¼ 
month earlier and stays 
¼ month longer than 
C.a. arctica (figure 2), 
meaning they leave the 
breeding grounds at the 
same time. C.c. islandica 
stages long (2 months) 
during their northward 
migration. This is not seen 
in the other C.c. species 
and C.a. arctica. 
The two subspecies 
breeding on the taymir 
peninsula, C.c. canutus 
(figure 3) and C.a. 
centralis (figure 4). Both 
arrive in the middle of 
June. Divergent from this 
equal arrival time is the 
duration of stay. C.a. 
centralis spends ¾ 
month longer on the 
breeding grounds than 
C.c. canutus. Another 
difference between them 
is that C.c. canutus 
spends eight months of 
their annual cycle at their
wintering grounds. Whereas 
C.a. centralis only spends 4 ½ 
months at his wintering grounds, but spends a lot more time during staging and 
migration. Therefore when C.a. centralis has already reached its staging area in 
early april. C.c. canutus is getting started to leave their wintering grounds in 
Mauritania and Guinea-Bissau. The subspecies breeding in north east Canada, 
C.c. rufa (figure 5) and C.a. hudsonia (figure 6) are harder to compare, because 
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Figure 3; derived from Buehler and Piersma 2008

Figure 4; derived from Gavrilov and Gavrilov 2005,  Wennerberg 2001



C.c. rufa has at least one more staging area then the other C.c. species during 
southern migration 
(Buehler and Piersma 
2008). But when the time 
spended during the 
multiple staging areas of 
C.c. rufa is added up. 
It is observed that C.c. 
rufa and C.a. hudsonia 
spend more or less the 
same amount of time 
staging on southern
migration. Further they 
both arrive on the 
breeding areas in early 
June, but C.c. rufa 
spends ¼  month longer 
on the breeding areas. 
C.c. rufa is different from the 
other C.c. species and C.a. 
hudsonia in the way how 
time is spended at the 
wintering areas and the 
migration towards the 
staging areas. C.c. rufa 
stays for a “short” time at 
the wintering grounds 
and from early february 
on they steady stage 
northwards, flying short 
distances. 
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Figure 5; derived from Buehler and Piersma 2008

Figure 6; derived from Warnock and Gill 1996



Table 2; The numbers are the differences in duration of stages between the breeding area co-
occuring subspecies, in months. The numbers in theheader correspond to the summary of stages 
on page 4.

Annual cycle – Moult

Red Knot and Dunlin, have two different types of plumage during their annual 
cycle. A breeding plumage (the alternate) and a wintering plumage (the basic). In 
order to change their plumage, they moult. Pre-alternate moulting is the moult 
from basic into alternate plumage and takes place before the start of the 
breeding season. Pre-basic is the moult that takes place after the breeding 
season, although sometimes it is initiated during the breeding season. Next to 
moulting into different plumages, the species moult their wings to restore them 
from any ware and tare. In table 3 and 4, inter and intraspecific variation is 
observed within the moulting periods and duration. 

Table 3; moulting periods. I) Buehler and Piersma 2008, II) Cramp & Simmons 1983, Holmgren 
et al. 2001, III) Holmgren et al. 2001, Tomkovich 1998, IV) Warnock and Gill 1996

Pre-alternate moult is the moult with the most intraspecific variation within the 
Red Knot subspecies. C.c. islandica moults in to alternate plumage at their 
staging areas, where C.c. canutus starts and completes alternate plumage at the 
wintering areas and C.c. rufa moults during their northward staging from Tiera del 
Fuego to Brazil. This does not apply for the Dunlin subspecies, where pre- 
alternate moult takes place during the same stages of their annual cycle. C.a. 
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subspecies staging-SII  To 
winteringIII wintering to staging staging-N

to 
breedingIV breeding to stagingI

C.c. islandica -1 -0,5 1 0 0,5 -0,5 0,25 0,25

C.c. canutus -1 0 3,5 -0,5 -0,75 -0,5 -0,75 0

C.c. rufa -0,25 -0,25 -1 2,5 -0,25 -0,5 0,25 0

C.a. arctica 1 0,5 -1 0 -0,5 0,5 -0,25 -0,25

C.a. centralis 1 0 -3,5 0,5 0,75 0,5 0,75 0

C.a. hudsonia 0,25 0,25 1 -2,5 0,25 0,5 -0,25 0

Subspecies pre-alternate pre-basic Wing

C.c. islandicaI late March – late April mid Aug – late Sept mid Aug – mid Nov

C.a. arcticaII late Feb – mid May early July – mid Sep late July – mid Nov

C.c. canutusI mid March – late April late Aug – late Oct late Aug – early Dec

C.a. centralisIII early March – mid May mid June – mid Aug late Aug – late Nov

C.c. rufaI early Feb – mid May mid July – late Nov early Oct – mid Jan

C.a. hudsoniaIV late Feb – early May late June – early Aug late Sep – late Dec
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arctica starts moult at the end of their stay at the wintering areas and continues 
during their staging northward and completes the pre-alternate moult at the 
staging areas. C.a. centralis and C.a. hudsonia start moult during northern 
migration and complete it at the staging areas. The stage in which pre-basic 
moult takes place is much more uniform within the species, but differs clearly 
between the species. C.c. islandica and C.c. canutus start pre-basic moult at the 
end of southern migration and complete it at the wintering areas. C.c. rufa is 
special within the Red Knot subspecies by starting pre-basic moult already at the 
breeding grounds (Buehler and Piersma 2008) after which it is delayed during 
migration and completed at the wintering areas. Different from the Red Knot, all 
subspecies of Dunlin start pre-basic moult at the breeding grounds. C.a. centralis 
and C.a. hudsonia complete their pre-basic moult at the staging areas during 
southern migration. C.a. arctica also moults during movement between the 
staging areas and the wintering areas, but completes pre-basic moult before 
arriving at the wintering areas. In all Red Knot subspecies; islandica, canutus and 
rufa, wing moult is started and completed on the wintering areas. All Dunlin 
subspecies; arctica, centralis and hudsonia, complete their wing moult at the 
wintering areas, but the onset varies between the subspecies. C.a. arctica starts 
at the staging area, C.a. centralis starts at the end of southern migration and C.a. 
hudsonia does start at the wintering areas. It is observed (table 3) that the 
subspecies of Red Knot and Dunlin that breed in Greenland complete wing moult 
the first (mid Nov), followed by the subspecies that breed in Taymir (early Dec) 
and the last subspecies to complete wing moult are the ones that breed in north 
east Canada (late Dec). 

Table 4; duration of moulting periods in months

Not only the stage and the period show variation within and between the species. 
There is also variation observed within the duration of moults (table 4). It is good 
to notice that wing moult takes the longest time to complete.  Further, C.c. rufa 
has the longest duration of moult within the Red Knot subspecies and this is the 
same for C.a. centralis within the Dunlin subspecies. C.c. islandica has the 
shortest pre-alternate and pre-basic moult of all compared subspecies. 
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Subspecies pre-alternate pre-basic Wing

C.c. islandica 1 1 ¼ 3

C.a. arctica 2 ¾ 2 ¼ 3 ¾ 

C.c. canutus 1 ¼ 2 3 ½ 

C.a. centralis 2 ¼ 2 3

C.c. rufa 3 ¼ 3 ¼ 4 ¼ 

C.a. hudsonia 2 ½ 1 ½ 3
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Discussion
A lot of variation is observed within and between the apportionment of time by 
Red Knot and Dunlin. During the annual cycle and within the moulting pattern. 
Breeding in the Arctic has moulded all Red Knot and Dunlin species to arrive at 
the breeding areas early to mid June. This has several reasons such as; the 
snow cover, the number of days with temperatures above a threshold value and 
the arthropod abundance peak, which are all strongly correlated. The point is, for 
what reason, arriving in the beginning of June, is currently the best. Presuming 
that selection pressures have moulded all stages of the annual cycle and the 
moulting pattern, into what is the best possible. It can be stated that the observed 
variation, is the best. This raises questions; Why is this particular variation there? 
Why is it the best possible for the situation? 

All Dunlin subspecies and C.c. rufa start pre-basic moult on the breeding 
grounds.
Holmes (1971) considers that the breeding ranges of Dunlins have periods with 
long snow-free patches. Therefore there should be sufficient time for Dunlins to 
undergo pre-basic moult between the end of the breeding effort and the autumn 
migration (Tomkovich 1998). If the Red Knot breeds in the same “area” but at 
higher latitudes, the period of snow free patches could be smaller for Red Knots. 
The snow cover theory is stronged by the fact that C.c. rufa breeds at lower 
latitudes than C.c. islandica and C.c. canutus, the latter two start pre-basic moult 
at the wintering grounds (Buehler and Piersma 2008). This could be a part of an 
explanation. It is so that this study shows that the pre-basic moult by the Dunlin 
subspecies and C.c. rufa is initiated at the breeding areas, but not completed. As 
Cramp & Simmons (1983) suggest moult is suspended in the Dunlin subspecies 
and completed at the staging areas, this corresponds with the findings in this 
study. Buehler and Piersma (2008) show that pre-basic moult is suspended for 
migration by C.c. rufa and completed at the wintering areas. Another observation 
(Cramp & Simmons 1983) shows that within the west European subspecies of 
Dunlin (C.a. alpina, C.a. schinzii and C.a. arctica), the onset of pre-basic moult is 
related with latitude. The subspecies that breeds at the highest latitude starts 
pre-basic moult the latest. It may not be the snow cover at higher latitudes, but 
the observations show that latitude plays a role. Higher latitudes are considered 
to be suitable for breeding later compared to lower latitudes (Tomkovich 1998). 
Results for this were not found when comparing the arrival dates (uniform; early-
mid June) or the departure dates (different; not by latitude). Holmes (1971) 
suggests that pre-basic moult is started after the breeding effort. This means that 
when this study and Tomkovich (1998) are right, species breeding at higher 
latitude, which do not leave the breeding areas later. Have none or a shorter time 
for pre-basic moult to take place at the breeding grounds. This would explain the 
findings of Cramp & Simmons (1983) and it would be a reason why C.c. canutus 
and C.c. islandica do not start pre-basic moult on the breeding grounds. This 
would be because they breed at the highest latitudes of the compared 
subspecies. The picture of moult and migration overlap is far from complete. As 
discussed in Buehler and Piersma (2008) many factors may be involved in the 
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moult and migration overlap. Further investigation on this pattern of latitude and 
onset of pre-basic moult, could test this explanation. 
All Dunlins stage longer than Red Knots during southern migration.
The main reason for stop-overs at staging sites is replenishing fuel loads. 
Another reason to stop-over as suggested in Cramp & Simmons (1983) is to 
complete pre-basic moult. The Dunlins are observed to stage a considerable 
longer time than Red Knots. As discussed above, Dunlins and C.c. rufa are 
moulting into basic plumage when arriving at the staging areas, were C.c. 
islandica and C.c. canutus are not. Further it is shown that Dunlins complete their 
moult before arriving at the wintering areas, were C.c. rufa does not (Buehler and 
Piersma 2008). Starting and completing pre-basic moult before arrival at the 
wintering grounds, could therefore be an explanation for the overall longer 
staging in Dunlins. Off course, other factors such as the quality and availibility of 
prey and the functioning of the digestive system, might be explanations to. One 
could even reason that this difference in annual cycle between Red Knot and 
Dunlins. Has resulted from a difference in fuel rates, were Dunlins are not able to 
get as high fuel rates as Red Knots. This would force them to fuel a longer 
period, in which completing pre-basic moult is possible. This would not be the 
case for Red Knots that stage short periods with high fuel rates. Investigation is 
possible to test if there is a correlation between the onset and completion of pre-
basic moult and the duration of staging during southern migration.

C.c. islandica stages relatively long during northern migration    
Compared to the other Red Knot subspecies and Dunlin subspecies, the staging 
period of C.c. islandica, 2 months, is the longest. It is observed that in C.c. 
islandica in contrast to the other Red Knot subspecies, pre-alternate moult starts 
and finishes at the staging areas. C.c. rufa is observed to moult into alternate 
plumage while they move up from Tiera del Fuego to southern Brazil and in C.c. 
canutus pre-alternate moult takes place at the wintering areas. This is not seen in 
the Dunlin subspecies, they start pre-alternate moult at the end of their stay at 
the wintering areas and complete moult at the staging areas. 
When analyzing the annual cycle and the duration of moult, it turns up that C.c. 
islandica is not forced to stay this long at the staging area, because of their pre-
alternate moult. This takes only one month (table 4), the shortest observed 
period in this study. Therefore it is expected that their annual cycle is moulded in 
this way because of other reasons. One reason that might play a role is the prey 
quality and abundance of the staging area. Like C.c. islandica, does C.c. 
canutus, use the Wadden Sea as staging area. But the same trend of staying for 
a long time is not seen in this species. It has to be taken into account that C.c. 
canutus has already moulted into alternate plumage, when arriving at the staging 
areas. More interesting is the fact that C.c. canutus arrives almost 1 ½ month 
later than C.c. islandica at the staging areas. This could mean that Red Knots are 
able to get higher fuelling rates during the later period, because C.c. canutus is 
observed to stage shorter. This might be because prey quality and abundance is 
higher, during the later period. Now the question is raised why C.c. islandica, 
does not arrive and depart later from the staging areas.  When comparing the 
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breeding areas, one would expect C.c. Islandica to depart the staging areas later 
than C.c. canutus because they breed at higher latitudes. This is not the case, 
C.c. Islandica leaves the staging areas at the end of May, so for some reason 
they are forced to leave earlier than C.c. canutus. It is not a longer flight distance 
(Buehler and Piersma 2008) and not the duration of moult. Further research can 
be done to test if C.c. islandica is forced to leave earlier. If so, it is interesting to 
find out if this earlier leaving is correlated with a longer stay and why this is 
correlated. It might be because of a periodic difference in prey quality and 
abundance. Or even the pre-alternate moult in a way. 

Further questions that come to mind.
Comparing and reading literature raises questions. These questions mostly have 
very specific and complex answers. Doing more and longer, literature and field 
research, on one specific question would give more answers. In this rather small 
and short bachelor thesis, questions are hard to answer, but easy to think up. So 
here some more questions that did pop up during the study, but have not been 
discussed and could also be answered with longer research.
C.c. canutus winters longer than all others, why is there annual cycle shaped this 
way?

The observed geographical variance in the completion of wing moult; Greenland-
mid Nov, Taymir-early Dec, north east Canada-late Dec. Why is it there?
Random? 

During two parts of migration, Red Knots migrate a shorter time than Dunlins and 
probably fly longer distances, how is this possible?

What has moulded the annual cycle of Red Knots, in the direction of the high 
Arctic? Are they able to move their breeding area? What is the possible force 
denying this?  
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