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Sediment type and breeding strategy of the Bank Swallow Riparia

ripariain western Sweden

BO-BERTIL LIND, JMMY STIGH & LARS LARSSON

This paper presents an investigation of the sediment used
by theBank Swallow (Sand Martin) Ripariaripariaforthe
construction of breeding tunnels. Grain-size distribution,
bulk density and hydraulic conductivity of breeding-tunnel
sediment were investigated at four localities in western
Sweden. The investigation shows that the Bank Swallow
wasconsistent in using layerscomposed of anarrow range
of fineand mediumsand. Ninety percent of theinvestigated
breeding burrows were located in fine to medium sand
(0.125-0.5mm) and 10%in coarsesand (0.5-1.0 mm). No
breeding tunnels were found in sediment finer than fine
sand or coarser than coarse sand. Thefineto medium sand
fraction hasthepropertiesto hold stablewallsand keepdry
tunnels even during rainy periods with heavy infiltration.
The hydraulic conductivity of the sediment was in the
range of 10 to 10° m/s and the bulk density 1510-1575
kg/m?. In Sweden, artificialy excavated slopesin gravel
and sand pits have long been the dominating breeding
locality for the Bank Swallow. However, during the last
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two decades, four major factors haveled to the decrease of
breeding localities: (1) adecreasing demand of aggregate
resources, (2) landscaping of gravel and sand pits and
stabilization of eroding slopes, including river banks and
shorelines, (3) achangeto quarriesasasourcefor aggregate
production, and (4) concentrating gravel and sand
exploitation to fewer and larger pits. It is concluded that
these factors are important for the decline of the Bank
Swallow population in Sweden and possibly elsewherein
Europe and North America.
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Introduction

The Bank Swallow Riparia riparia is the smallest
bird in the swallow family and it is distributed as a
breeding bird in much of North America north of
Mexico and reaches the Artic Sea in the northern
Mackenzie Delta region. In Eurasiait breeds from
the British Isles east to the Anadyr region and
Kamchatka, and south to northern Indian
subcontinent. The Bank Swallow is an obligate
migratory specieswinteringin SouthAmerica,Africa
andsouthernAsia. Therearea soresident popul ations
innorthern Indian subcontinent and southwest China.

To avoid predation the Bank Swallow isknownto
dig breeding tunnelsinto vertical exposures of stiff,
sandy sediment. In Sweden, artificially excavated
slopes of gravel and sand pits have long been the
dominating breeding locality. The species has
benefited from the expansive building and

construction period from the early 1950s up till the
1980s, a period during which many glaciofluvial
deposits were exploited, and alarge number of new
gravel pits were opened. The swallow prefers fresh
shaft walls with ongoing excavation every year. A
shaft wall left to erode and slump will be abandoned
within afew years.

Thelast twenty years, however, has brought about
adecreasein gravel production and during the same
period there has been an increase in conservation
efforts to stabilize eroding slopes, including
riverbanks and shorelines. At the sametime along-
term decline (1970-1990) in the Bank Swallow
popul ation has been observed in western and north-
western Europe (Tucker & Heath 1994, Gamell
1997). Similarly, there has been along-term (1980—
1994) aswell asshort-term (1994—1996) decreasein
eastern Canadaand eastern USA (DeGraaf & Rappole
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1995).

Variousexplanations have been given asthe cause
of the decline of many migratory boreal species
winteringintropical areas, but apparently thereasons
aremultifunctional and few dataexist on which part
of thelifecyclethat isthe most critical (John 1991).
The loss of breeding habitat is the single factor
wherethere seem to be aconsensus among different
authors but the decline in the Bank Swallow popu-
lationin Europehasal so been ascribed tothedrought
in the wintering area Sahel (Cowley 1979, Mead
1979, Szép 1995).

In Sweden it has been observed that the Bank
Swallowsdig their burrowsashigh up aspossiblein
the banks (Svensson 1969). The typically breeding
ground for the Bank Swallow in Sweden is within
the uppermost 100 cm, sometimesonly about 40 cm
bel ow theground surfaceand 4to10 metersuponthe
shaftwall inanactivegravel pit wherethevegetation
layer has been removed. The hydraulic conductivity
of such sedimentsisvery high, 102to 10° m/s, (600
to 0.6 mm/minute) (Brown 1972). This means that
all precipitation, even during very rainy periods, can
infiltrate and percolate through the soil profile.
Because the vegetation cover is removed the
evaporation is very small and during rainy periods,
likein Sweden in July 1998 or 2000, more than 100
mm of rainmay fall during 72 hours. Thismeansthat
a100 mm thick water body will move down through
the soil profile. How can the Bank Swallow keep
their breeding tunnels dry and warm? Why don’'t
they drown when such a great amount of water
passesthrough the sediment layer wherethey breed?

The purpose of this paper is to give the
hydrogeological background to a clever and
successful breeding strategy of the Bank Swallow
and to highlight factorsimportant for the declinein
the Swedish Bank Swallow population.

I nvestigation method

Aninventory was made of the breeding localities of
Bank Swallow inanareaof western Sweden covering
about 14,000 km?. It turned out that many of the
former well known localities were destroyed and
abandoned. Four major localities, Grabo, Hyltenés,
Oxnevalla and Sjogarde in three different counties
werefound and chosen for investigation of sediment
properties (Figure 1). All localities were built up of
glaciofluvial deposits with aternating silty, sandy
and gravely layers. Fifty sediment samples were
taken both from the breeding horizons and from the
surrounding horizons at all four localities. Samples
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Figure 1. Investigation localities for sediment type and bree-
ding strategy of the Bank Swallow in western Sweden: Grabo
(G), Hyltenss (H), Oxnevalla (0) and Sjégarde (S).

Lokalar fér under sokning av sedi menttyp och hackningssrate-
gi for backsvala i vastra Sverige: Grabo (G), Hyltenas (H),
Oxnevalla (O) och §ogéarde (S).

were taken systematically to give a representative
picture of the breeding horizons and a possibility to
comparison with the surrounding. About 2 kg
sediment were taken in each sample. In addition,
three undisturbed cylinder samples (diameter 8.2
cm, height 5.0 cm) were taken from the uppermost
breeding horizon at Grabo. Grain sizewasmeasured
using sieves with mesh size 2.0, 1.0, 0.5, 0.250,
0.125 and 0.074 mm. Grain-size statistics were
computed using the equations of Folk and Ward
(1957);

Sorting, S = (¢34 — ¢16)/4 + (95 — ¢¥5)/6.6
Mean grain size, Mz = (@16 + @50 +@84)/3

The hydraulic conductivity (K) was measured in a
constant head permeameter with a pressure head of
20 cm and the dry bulk density (pd) was cal cul ated.

Sediment properties of Bank Swallow breeding
sitesin Sweden

Bank Swallow breeding sites in Sweden typically
consist of sandy sedimentsthat are part of stratified
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Figure 2. Photo from the locality Sj6géarde showing breeding
tunnels of Bank Swallow in selected sediment layers high up
invertical shaft walls.

Foto fran §ogarde visande hackningstunnlar i utvalda lager
hogt upp i den vertilaka schaktvaggen.

glaciofluvia deposits with aternating silty, sandy
and gravely layers. Practically all breedinglocalities
fortheBank Swallowinwestern Sweden aresituated
in gravel and sand pitsin glaciofluvial depositsthat
were deposited about 11,000 to 12,500 BP during
theWei chselian deglaciation. Thebreeding horizons
are situated in the uppermost sandy layers of stiff,
vertical walls (Figure 2) usualy within the upper
100 cm and four to ten meters from the cliff base.
Grain size distribution of sediment samplesfrom

breeding tunnel horizons at all four localities show
that the Bank Swallow is consistent in using layers
withinaquite narrow range of fineand medium sand
(Figure 3). The mean grain size for breeding-tunnel
sediment ranges from 0.125 mm (fine sand) to 0.8
mm (coarse sand) with most samples occurring
between 0.125 mm and 0.35 mm (medium sand).
Ninety percent of theinvestigated breeding burrows
werelocatedinfineto medium sand (0.125-0.5mm)
and 10% in coarse sand (0.5-1.0 mm). The samples
aremoderately sortedwithasortingfactor, according
to Folk & Ward (1957) ranging from 0.6 to 1.3
(Figure4). Most of the sampleshaveasorting factor
between 0.5 and 1.0, which signifies moderately
sorted sediment according to the relative scale
suggested by Folk & Ward. The mean grain size of
al samplesis0.143mm(@2.8). Thereisnosignificant
differencein grain size or sorting between the four
localities. Theactual breedinglayersaresurrounded
by coarser sandy-gravely layersandfiner, silty layers.
Thereisno evidencefor asystematic distribution of
coarser or finer sediment over- or underlayering the
breeding horizon. However, analysis of samples
from surrounding horizons reveals that there are
other sandy layers with similar conditions that are
not used by the swallows (Figure 5).

The hydraulic conductivity (K) and the dry bulk
density (pd) of the sediments from the breeding
horizon at Grabo is presented in Table 1.
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Figure 3. Grain size distribution curvesfor sedimentswith Bank Swallow breeding tunnelsfrom all four investigation localities.
Kornstorlekskurvor pa sediment fran hackningshorisonter i alla fyra undersokningsl okalerna.
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Figure 4. Mean grain size and sorting (Folk & Ward 1957) of
sediments with breeding tunnels. 36 samples.
Medelkornstorlek och sortering (Folk & Ward 1957) hos
sediment med hackningstunnlar, 36 prover.

The K-values show that water at free drainage,
with agradient 1.0 can movethrough the soil profile
at avelocity of about 0.4 to 3.0 mm/s. This means
that oncethesandissaturated, rainwater caninfiltrate
and percolate through the sand at about 1.4 to 10 m
per hour. During heavy rainstherewill beasaturated
water body moving down towards the breeding
tunnels. Within the saturated zone all small poresin
the soil will befilled with water. However, as shown
bel ow, thepercol atingwater doesnot reachthebirds’
nests!

Sand is a consolidated sediment with a porous
system consisting of a solid phase (the particles), a
liquid phase (water) and agaseous phase (air). Inthe
absence of organic material water isheld inthe pore
system by surface tension and the adsorption of
water tothemineral particles. The pressurepotential
is considerably lower in the fine pores of the
surrounding sand compared to the free air pressure
in the breeding tunnel. When rainwater percolates
through the sand and reaches the edge of atunnel, it
will stop with aconcave surface towardsthefreeair
pressure in the tunnel.

If the rain does not stop, percolation continues,
and there will be a saturated zone growing around
the breeding tunnel. Thiswill increase the pressure
potential in the rising water body on top of the
tunnel. If thetunnel ishig, > 0.5 minwidth, thiscan
cause a breakthrough and water will drain rapidly
into the bird nest. At smaller tunnels, like normal
Bank Swallow nests, thiswill not happen because of
the fact that the water is drained around the burrow.
The unsaturated hydraulic conductivity increases
exponentially withthewater content (Irmany 1954).
Consequently, asthe water content is rising around
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Figure 5. Mean grain size and sorting (Folk & Ward 1957) of
sediments without breeding tunnels. 9 samples.
Medelkornstorlek och sortering (Folk & Ward 1957) hos
sediment utan hé&ckningstunnlar, 9 prover.

the burrow, the hydraulic conductivity isincreasing.
Thus, al percolating water will drain around the
burrows even through very rainy periods. This is
characteristic for fine and medium sand. In coarser
sand the capillary rise is much smaller causing a
smaller difference in potential pressure between a
pore and the free air in a breeding tunnel. Thus, the
percolating water will drain into the tunnel and
damage the nest.

Thebulk density of thebreeding site sediment was
about 1500 kg/m®to 1575 kg/m?3, which is
characteristic for relatively loose sediment (BABS
1967, Wahlstrom 1968, Avén et al. 1984). Finer
sediment, like silt and clay, situated in a drained
position in a pit wall has the disadvantage of being
harder to dig. Riverbankswith clay saturated by the
spring floodsmay besignificantly softer, and provide
good natural breeding conditions for the Bank
Swallow. However, very few such localities are
known in Sweden.

Table 1. Hydraulic conductivity and dry bulk density of
breeding ground sediments of the bank swallow. Grébo
western Sweden.

Hydraulisk konduktivitet och skrymdensitet hos sedi-
ment fran backsval ornas héckningshorisonter. Grébo
vastra Sverige.

Sample Hydraulic cond. Dry bulk density
K, m/s pd, kg/m?

1 3x10° 1575

2 4x10* 1509

3 1x10°® 1518




Breeding behaviour, aggregate resources, and
the decline of habitat for the Bank Swallow in
Sweden

There is a strong trend of a declining number of
breedinglocalitiesfor the Bank Swallow in Sweden.
During the last two decades there are four major
factors affecting the breeding localitiesin Sweden:
(1) adecreasing demand of aggregate resources, (2)
landscaping of gravel and sand pitsand stabilization
of eroding slopes, including river banks and
shorelines, (3) a change to quarries as a source for
aggregate production, and (4) concentrating gravel
and sand exploitation to fewer and larger pits.

The construction industry, including road and
house construction, is the overall dominating
consumer of aggregate resources, with gravel and
sand as the major components. Since building
activitiesareclosely linked to the general economic
conditions in the region, the use of aggregate is
strongly influenced by economic expansion or
recession (Irvine 1994, Vagt & Irvine 1998). In
Sweden the production of gravel and sand reached a
peak during the 1970s with100 Mt/year and has
sincethenbeendeclining. Only 30 Mtwereproduced
in 1997 (Rydh & Berg 1998) and 29 Mt in 1999
(SGU 2000:3). During the same period the number
of permissions for sand and gravel exploitation
declined from about 8500 to about 3500, areduction
of 58% (SIND 1980:1, Rydh & Berg 1998). During
the same period, the share of aggregate derived from
stone quarries increased from 20% to 50%.

The Swedishlegislaturegiveslocal authoritiesthe
authority to regulate the sand and gravel industry. In
the interest of safety and environmental quality,
theseauthoritieshaverequired that abandoned gravel
pits bere-landscaped. With similar motives, thereis
an environmental policy in Sweden to decrease the
number of sand and gravel pits, and to concentrate
exploitation to fewer but bigger pits, often with
mining down below the groundwater table (SNV
93). The national goal is that the consumption of
natural sand and gravel shall decrease with 50% to
2010 and with 90% to 2020 compared with the
consumption in 1997 (Boverket 1999).

These trends described above may seem rational
from aresource perspective but they are definitely a
growing threat for the Bank Swallow reproduction.
Inregionswithrelatively littleglaciofluvial deposits,
asin western Sweden, the situation may be critical.
Inthe county of Bohuslan at the Swedish west coast
therewasin the year 2000 only about 45 active sand
and gravel pits, and only afew of them was suitable
as breeding sites for the Bank Swallow.

Discussion and conclusions

The sediment breeding hirundines, such asthe Bank
Swallow, are very light and weak birds, only 12-13
cminlength. TheBank Swallowsarevery dependent
onloosesedimentsthat areeasy todig. Thenest sites
arefoundinagreat variety of sediments, from coarse
gravely to clayey soils, but there is a strong
concentrationtofine-medium sandwithaclay content
less that 10% (Petersen 1955, Svensson 1969,
Heneberg 2001). With the appropriate combination
of fine to medium sand that is easy to dig and yet
stableenough to give safewalls, they havefound the
ultimate strategy in their nesting. Besides the
importance of the penetrability conditions (John
1991) the grain size also is crucial to the
hydrogeological conditions. The sandy sediment
has the right capillary conditionsto be well drained
and leave dry tunnels and yet keep enough moisture
to uphold the electrostatic attraction between the
sand grains. The breeding successis correlated with
the synchronisation of broods but also with the
length of thebreeding tunnel s(Siber 1980) —and that
inturn is correlated to the sediment properties. The
flow of water around the nest is guided by the
pressure potential and the hydraulic conductivity
(Figure 6). Where such sand layers are located high
onvertica cliffs, theswallowsaresafefrom predation.
The use of fine and medium sand layers seem to be
a collective choice. It looks like the first hand
dternativeisto dig the breeding tunnels at the same
elevation —in the very same sediment layer. Only if
that layer isfully used thebirdswill start to use other
layers with similar conditions.

Among the hirundines, the Bank Swallow isonly
oneof many speciesthat usethe strategy of breeding
in tunnels. Of the nearly 80 different species of
swallows, some 12 species regular dig out long
tunnels in banks, including all species of Riparia,
Banded Martin Neophedina eurystomina, Tawny-
headed Swallow Stel gidopteryxfucata, White-backed
Swallow Cheramoeca leucosternus, Grey-rumped
Swallow Hirundo griseopyga and Brazzas Martin
Phedina brazza. All but the last two are colonial.
Among non-hirundines passerines and non-
passerines, bee-eaters Meropidae, kingfishers
Alcedinidae, motmots and some puffbirds excavate
their own tunnels. The bee-eaters generally nest
colonialy asthe Bank Swallow, while kingfishers,
motmotsand puffbirdsnest solitarily. Furthermorea
lot of species of Procellariiformes also nest in
burrows. For the non-hirundine passerines and the
non-passerines that are tunnel or burrow breeding,

161



L i
e £ = +
i e S~
s ’ LS £l F
A # A 7
g o~ a F o
y e / VA A
7 4 P ’; L
s P F A
/ / s

A z Head potential W, positive
upwards

-<——Water flow lines

K, unsaturated

/
[ Hydraulic conductivity
\ I| K, saturated ~ 5 x K,
\ |
‘ \]
|
1pP - S—— l.[,lP Reference level
e e.g. groundwater

table
Pressure potential W,
positive below the groundwater

table and negative in the
unzaturated zana

Figure 6. Hydrogeological conditions of water percolating
around a Bank Swallow tunnel. The percolating water is
drained around the Riparia nest because of thelower pressure
potential in the fine pores of the surrounding sand compared
to the free air pressure in the tunnel.

Hydrogeol ogiska forutsattningar for perkolerande vatten att
passera runt backsvalornas hackningstunnlar. §unkvattnet
dranerasrunt tunneln pa grund av den |agre tryckpotentialen
i sandensfinkor niga porsystemjamfort med det frial ufttrycket
i tunneln.

the selection of soil material is not bound to fine to
medium sand. Heavier species such as bee-eaters,
kingsfishersand motmots, normally usefiner grained
material such asclay for their breeding sites. These
tunnels are often wet and muddy but the birds are
quite robust and can still survive with their young
generations.

TheBank Swallow, however, isvery dependent on
the right kind of sediment and location. In Sweden
much of these locations are to be found in sand and
gravel pits. Thus the dramatically decrease in open
pitsto agreat extent is affecting the Bank Swallow
reproduction. We believe that this can be one
important factor for the decline of the populationin
all western countries including Canada, USA and
Europe. For thefutureitisimportant to save suitable
breeding sitesfor theBank Swallow and astrategy to
keep natural and excavated steep slopes open must
be developed. This calls for a creative co-operation
between ecol ogi sts, environmentali stsand engineers.
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Sammanfattning

Sedimenttyp och hackningsstrategi hos backsvalan
Ripariaripariai vastra Sverige

Denna uppsats redovisar en undersdkning av de
sediment som backsvala Riparia riparia utnyttjat
for sinabohdl i fyrahackningslokaler i vastsverige.
Kornstorleksfordelning, skrymdensitet och hydrau-
lisk konduktivitet undersoktes pa prover frén bade
sedimentl ager med hackningstunnlar ochfranomgi-
vandelager utan tunnlar. Undersokningen visade pa
ett mycket konsekvent val av ett snévt intervall av
finkornig sand for sinatunnlar. 90 procent av hack-
ningstunnlarna var lokaliserade i finsand-mellan-
sand med huvudsaklig kornstorlek 0,125-0,5 mm

och dvriga 10 procent i grov sand med huvudsaklig
kornstorlek 0,5-1,0 mm. Inga tunnlar hittades i
andra huvudfraktioner 8n sand. Finkornig sand har
egenskapen att kunna hdlla stabila tunnelvaggar
dven under véta perioder med stor infiltration av
regnvatten. Den hydrauliska konduktiviteten varie-
rar mellan ca 10 och 10 m/s och skrymdensitetet
mellan ca 1510-1575 kg/md.

Grévdadanter i sand- och grustag har lénge varit
den dominerande hackningslokalen for backsvalai
Sverige. Under de senaste tva decenniernakan man
emellertid seentydlig minskning av hackningsl oka-
ler for backsvala, huvudsakligen av fyraorsaker: (1)
minskat behov av grusresurser, (2) efterbehandling
av gamla grustag och stabilisering av naturliga ero-
sionsslanter, (3) en 6vergang mot bergtakter for att
téckagrus- och makadambehovet och (4) koncentra-
tion av grusexploateringen till férre men storre ték-
ter. Ovanstéende faktorer bedoms vara orsak till en
minskande backsval epopulationi Sverige och troli-
gen ocksai Gvriga Europaoch USA.
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