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Abstract: Beavers have lived in the territory of Poland since the beginning of the Holocene, as testified
by bone remains found in archaeological sites of different ages. The area inhabited by these animals
has experienced continuing transformations of terrain relief, geological structure, hydrology and
plant cover. In Poland, beavers are partially protected and their population has spread in virtually
every part of the country (except in the highest mountain ranges). The authors of this paper wish
to present the results of field works carried out since 2006 in the Tuchola Forest (Polish Plain). This
paper aims to identify the potential sediments of relict beaver ponds and their sedimentological
features. The studies are also backed up with a description of radiocarbon dating of samples. The
results indicate that beavers used to live in the Tuchola Forest in the Middle Ages, as shown by the
radiocarbon dates and sequences of mineral–organic deposits found in exposures and geological
boreholes. The spatial distribution of organic and mineral deposits in wider sections of river valleys
can be explained by the avulsion of the riverbed downstream of the pond and by the distribution
of ponds in the Gołyjonka valley. The discovery of relict beaver pond sediments suggests that the
activity of these mammals in the Middle Ages played a major part in shaping the landscape of the
valley. The results of studies clearly indicate that analyses of the valley sediment facies of small
watercourses should take into account the role beavers played in the past in shaping the landscape of
the analysed valley. This highlights the insufficiency of studies concerning the activity of beavers in
river valleys.

Keywords: beaver; relict dams; relict ponds; medieval; Tuchola Forest; Polish Plain

1. Introduction

The area of the Polish Plain is situated in a temperate forest zone. Beavers appeared
in this territory immediately after the last deglaciation when the formation of a forest
biome commenced [1–4]. The best documented period in the history of Holocene beaver
colonisation of the territory of Poland is the Middle Ages. Zooarchaeological sources,
toponymic materials and written records are available for that period [5,6]. It was a period
of early planned wildlife management and protection of beaver habitats.

In the 11th century, King Bolesław Chrobry imposed a ban on beaver hunts on the
royal territories. However, due to the large demand for beaver skins and castoreum,
a decline in the population of beavers in Poland was noted from the 13th century. An
official document offering protection to beavers was the Statutes of Lithuania issued in
1529. The Statutes contained provisions protecting beaver lodges and imposed penalties
for violation of the rules. However, it did not specify the number of beavers that could be
caught by hunters. Due to the early introduction of protective measures and preservation
of natural beaver habitats in Poland, a small number of beavers survived in Poland until
the 20th century, in contrast to beaver populations in other places in Europe [7].

As a result of the reconstruction of the beaver population in Poland started in 1946,
their number now exceeds 100,000 [8]. The appearance of beavers throughout Poland,
including in urbanised areas [9], gave rise to vigorous research among experts in different
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fields. The scale and manner of impact of beavers on the environment was documented
anew [10–17]. Attention was paid to the role of beavers in maintaining a large water storage
capacity in river catchment basins [18,19]. Many authors [20–26] described the scale of
changes in contemporary terrain features within the area colonised by beavers and the
role of beaver ponds in retaining mineral matter in the bottoms of river valleys. These
observations point to the considerable role that beavers must have played in shaping the
relief features of small river valleys in the Holocene.

Studies of the Holocene history of river valleys rely to a great extent on knowing
how much matter transported by rivers was retained in beaver ponds. At a very early
stage, [27,28] noticed a huge share of beaver pond sediments in forming river alluvia.

D. Butler and G.P. Malanson [29], in their studies carried out in the Glacier National
Park in Montana, reported that billions of cubic metres of water accumulated in millions of
beaver ponds that could have existed in the past. According to [30], in order to recognise
relict sediments on flood plains as deriving from beaver ponds, a broader spectrum of
corresponding data is needed referring to geomorphological and sedimentological studies
carried out in various geographical regions. However, detailed documentation of Holocene
relict beaver ponds is still too meagre.

The underlying studies regarding Holocene sediments of relict beaver ponds include
the work by [31]. These authors, based on comprehensive studies in Yellowstone National
Park, showed that beaver ponds were active throughout the Holocene. Apart from the
abovementioned work, other studies exist giving evidence of the accumulation of sediments
in beaver ponds. They provide information about wood sticks with beaver teeth marks
found in different regions of the world [32–37]. The abovementioned wood with beaver
cuts was discovered in organic and mineral deposits. Since beavers used to live and have
been living in various locations around the world, contemporary analyses of mineral and
organic deposits carried out in the polar zone (north Canada) indicate that the activity of
beavers contributed to the accumulation of organic deposit in beaver ponds as early as
50,000 years ago [38]. Observations of contemporary activity of beavers in the environment
also prompt the use of various research methods, including non-invasive ones. Relict
beaver dams and also sediments from relict beaver ponds were documented based on
ground-penetrating radar testing [39]. Wood sticks of varying age, bearing beaver teeth
marks, were also found in sediment studies [40].

In Poland, studies on the evolution of river valleys in various landscapes of the Vistula
and the Oder basins have continued for more than 40 years [41–60]. A summary of Polish
studies compared with the achievements of researchers from Central and Eastern Europe
was presented by [61]. The processes of erosion and sedimentation occurring in river
valleys in the Late Glacial period and in the Holocene were associated with climate changes
and starting from the Subboreal also with intensified anthropopressure. Basin sediments
were predominantly interpreted as flood sediments. The exception was deposits from mill
and fish ponds. Few studies carried out in valleys in Poland documented the presence of
beaver pond sediments within Holocene alluvia [4,22,62]. This status of studies is due to
serious difficulties in exploring those sediments. The results of studies carried out in small
river valleys in the Tuchola Forest indicate that it is necessary to verify the hypotheses
on the origin of numerous deposits accumulated on alluvial plains in the Holocene and
popularize claims formulated by many researchers about the considerable share of relict
beaver pond sediments in materials building the bottoms of river valleys [27–31].

This paper aims to provide an outline of studies carried out so far in the area of the
Tuchola Forest (Polish Plain) that were oriented at exploring relict beaver ponds. Sequences
of mineral and organic deposits were analysed in the exposures and boreholes in valleys
inhabited or abandoned by beavers. The following results form part of a broader study
covering sediments of older Holocene ponds as well. Since more recent sediments are more
easily available for study (they are deposited at small depths and are better preserved),
we have a larger volume of materials for the Middle Ages than for older periods of the
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Holocene. Investigation for the presence of relict beaver ponds in older periods of the
Holocene continues, and the preliminary results were mentioned in the work by [4].

2. Materials and Methods
2.1. Methods

In Poland, studies of Holocene beaver pond sediments have constituted quite a recent
line of research [4,22,24]. Gross disparities exist between zooarchaeological evidence of the
presence of beavers in Poland in the Holocene collected so far [5,6] and historic records [63],
and the documentation regarding beaver habitats in the profiles of Holocene flood plain
deposits. Such disparities are especially blatant with regard to the Middle Ages (Figure 1,
Table S1 in the Supplementary Materials).
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Figure 1. Documentation of the presence of beavers in the Middle Ages in the territory of Poland.
1—medieval beaver pond sediments documenting site, 2—medieval archaeological sites where
beaver bone remains were discovered, 3—village names deriving from “beaver” (the geographical
coordinates of the villages are given in Table S1 in the Supplementary Materials).

The absence of specific criteria for identifying beaver pond sediments among out-of-
channel basin sediments was the main reason for failing to include them in classifications
of out-of-channel fluvial facies.

Since 2006, studies have been carried out on selected study sites in the Tuchola Forest
investigating the impact of beavers on local habitats, including on water regime, plant cover,
terrain relief and sedimentation processes, and the rate of landscape transformation [17,22].
Photographic documentation of changes to the plant cover and terrain relief (beaver paths,
tunnels and burrows, landslides) was developed. The surface area of contemporary beaver
ponds and beaver dam dimensions were measured. The volume of mineral deposits
retained in the ponds was estimated. The sources supplying mineral material to the ponds
were identified. Relict beaver pond sediments were documented based on the investigation
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of exposures and testing of material sampled from Instorf probes produced by Eijkelkamp
(Giesbeek, Netherlands). This auger facilitates sampling of 50 cm long undisturbed cores
with a diameter of 5 cm and is mainly used for organic deposits sampling. Probing tests
were carried out within the peat-covered sections of river valleys. Analyses of beaver pond
sediments preserved in the exposures were based on complete structure and texture testing
of the mineral fraction and determining the characteristics and age of organic matter.

Because little information is available on identifying beaver pond sediments in river
valley sediments, the authors designed their own method for classifying sediments as relict
beaver pond facies based on the following criteria:

Structural and texture features typical of sediments from shallow bodies of water.
Presence of wood with beaver cuts in sediments found in still bodies of water.

Massive structure and a high share of organic matter are the diagnostic features
of sediments found in shallow still bodies of water. Such studies can be carried out in
exposures only. Comparison of the results of the analyses of grain-size distribution in
contemporary and relict beaver ponds and in contemporary channel (riverbed) sediments
shows that, without using other guidelines, the analyses do not make it possible to identify
beaver pond sediments among valley bottom sediments [4].

Beaver cuts can be easily identified on wood recovered from exposures. Unfortunately,
a predominant portion of Holocene sediments containing wood is deposited below the
groundwater table level. Samples of those sediments were obtained for Instorf probe
testing, which prevents the identification of beaver cuts. For those sediments, a detailed
analysis of macro-remains was useful as it helped identify the presence of allochthonous
components dragged by beavers into the pond [17,22].

The sequence of deposits in vertical profiles.
In the vertical profiles in various sections of the wider parts of valleys, an alternating

sequence of mineral deposits (river sand), organic–mineral deposits (muds) and organic
deposits (peat) was found, followed by mineral deposits, etc. This points to subsequent
phases of blocked flow, formation and overgrowth of water reservoirs and the river flow
being unblocked again on the study site.

Concentration of wood in sediments tested using Instorf probes.
The analysis aimed at finding relict dams or possibly winter food stores built by

beavers. The search for relict accumulations of wood in hydrogenic sediments required
dense surveying. Pre-sounding of the valley bottom using a Ground-Penetrating Radar
(GPR) was helpful [4,24,39]. Research was conducted with the use of a GPR Detector Duo
250 MHz. Detector Duo made by IDS (Ingegneria dei Sistemi, Pisa, Italy) is a system
sending electromagnetic energy as radio waves to check the structure of the soil base. An
essential feature of this system is work at frequencies making it possible to identify objects
at depths up to 6 m. This detector was used for the first time to identify the concentration
of wood in alluvial deposits. The device for detecting wood concentrations in the alluvial
layer was tested from the surface to a depth of 2.0 m. The routing signal was sampled
and recorded in a digital format. As the ground-penetrating radar moved, subsequent
adjoining routes were registered as a graphic record.

In addition, radiocarbon dating results were used, pointing to the presence of mixed
wood of varying age in the discovered wood concentrations [4].

Stones in wetland sediments.
Beavers build their dams using wood and other materials they find in the nearest area.

Such materials can be mud, turf, bones of large mammals and stones. Some descriptions of
dams report the dominance of stones [64–66] and dams in which mammoth bones were
used as the building material [67]. During the studies carried out in the Tuchola Forest,
single stones were found in Holocene reservoir sediments. The stones could have been
dragged by beavers in order to reinforce the dam. They could have been introduced
into beaver pond sediments either as a result of being lost during transport or after the
destruction of the dam.
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Considering the abovementioned diagnostic criteria, field surveys were carried out
in valley sections presented in Figures 2 and 3. One of the co-authors [17] had previously
investigated the geomorphological effects of contemporary beaver colonisation in the
selected study area. Samples for laboratory analyses were collected during field surveys.
Qualitative analyses of macro-remains were carried out and the content of organic matter
was tested for organic deposits. Wood bearing beaver teeth marks (extracted from expo-
sures and Instorf cores from wood debris) and peat were subjected to C14 dating. The
content of ash in organic deposits was analysed. Grain-size distribution of the mineral
phase and the organic content was analysed in the mineral and organic deposits. The
results are given in the description of figure in subpoint 3.1. In special cases, the age of sand
samples was determined at the Institute of Physics of the Silesian University of Technology
using the OSL (optically stimulated luminescence) method. Technical details of OSL were
described by [68,69]. The C14 dating analyses were carried out at the Gliwice Radiocarbon
Laboratory, Institute of Physics, Silesian University of Technology (GdS, Gliwice, Poland),
using the method described by [70–72]. Radiocarbon dating was partially carried out at
the Marek Krąpiec Laboratory (MKL, Kraków, Poland). C14 datings were calibrated with
the OxCal 4.4 (Oxford Radiocarbon Accelerator Unit, Oxford, UK) [73] programme using
the calibration curve IntCal20 [74].
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Figure 2. Location of the areas of study of relict beaver ponds dating back to the Middle Ages
in the Gołyjonka valley. Places marked with numbers 1, 2, 3 (Goły Jon stream) and 4 (Zdrojanka
river valley) indicate the location of 47 drillings. Point 4 in both figures indicates the location of the
cores described in the text but located in the Zdrojanka valley (cores: ZDW1 and ZDW2). Source:
own study based on topographic maps in the scale of 1:10,000 in the ArcGis 9 programme (ESRI,
Redlands, CA, USA). (A)—surface topography of the test sites: 1—Goły Jon stream; 2—Gajdówka
river valley; 3—Zdrojanka river valley. (B)—a geomorphological outline of a section of an outwash
plain in the Tuchola Forest. 1—test sites; 2—flat moraine plateau; 3—undulated moraine plateau;
4—moraine hills; 5—older outwash plain (Poznań phase); 6—upper level of the more recent outwash
plain (Pomeranian phase); 7—lower level of the more recent outwash plain; 8—aeolian sand fields;
9—dead-ice potholes; 10—meltwater valleys; 11—lakes; 12—rivers.
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Figure 3. The Gołyjonka valley relief showing the location of 45 boreholes. Yellow dots mark the locations of Instorf probe
testing. Red dots stand for cores GJ3, P1R1 and P1R3. Source: own study based on Airborne Laser Scanning (ALS) data,
described as LIDAR (Light Detection and Ranging), made available by Geoportal 2 (www.geoportal.gov.pl, accessed on 12
November 2020).

2.2. Study Area

Studies of relict beaver ponds in the Polish Plain were carried out within a section of
the Tuchola Forest (Figure 2A,B).

The Tuchola Forest is an extensive forestland situated in the northern part of the
Polish Plain in an area mainly built of fluvioglacial sandy outwash sediments from the
last glaciation in the Pleistocene. The flat sandy plateau is varied by landforms such as
potholes, moraine hills from older stagnant stages and dune hills.

Most of the contemporary valleys are situated in the area of subglacial outflows with
potholes formed by dead ice [59,60]. In some wider parts of small valleys in the roof of
postglacial fluvial sediments, gyttja and lake chalk remnants are found covered with peat
and organic and mineral mud from shallow water reservoirs or bogs. Palynological studies
showed that lacustrine sediments formed in that area from at least the beginning of the
Holocene [75].

The area of the Tuchola Forest is situated in a temperate climate zone with natural
deciduous plants and mixed forest vegetation. The mean temperature ranges here from
6.5 ◦C to 7.0 ◦C (3.5 ◦C in January, and ca. 16.3–17.5 ◦C in July), and mean precipitation from
560 to 660 mm with predominant levels being recorded in the summer season (350–400 mm).

The primeval wood stand consisting of broadleaved, beechwood and oak forests was
a result of intensive anthropogenic transformations that intensified in the 12th and 17th
century, and especially in the 19th century, when pines were planted on the edges of the
disappearing primeval wood stand.

Beavers settled in the Tuchola Forest with the emergence of the forest biome. The
Polish Plain features single Mesolithic sites with the bone remains of Castor fiber [5]. The
wood material with beaver cuts found in the alluvia dates back to the last years of the
beaver colonisation in the Holocene in the Tuchola Forest [4]. Wood dating shows that
beavers used to live in the valleys until the mid-19th century. In 2016, the presence of relict
Holocene beaver ponds in the Tuchola Forest was mentioned for the first time [22].

www.geoportal.gov.pl
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The Holocene alluvia in the territory of the Tuchola Forest were investigated in the
valleys of rivers such as the Gołyjonka and Zdrojanka (Figure 2). In the Gołyjonka valley,
numerous exposures of relict beaver ponds were found.

3. Results

Studies of the Holocene beaver pond sediments were carried out in small valleys
in the Tuchola Forest [4,22]. A representative study area was the area upstream of the
Gołyjonka valley.

An upstream section of the valley is a 200 m long V-shaped gorge formed by erosion.
Its bottom is up to 10 m wide and its slopes are inclined at an angle of 30–35◦ (Figure 3). This
narrowed section is called the Goły Jon Gorge. The intersected bottom reveals Holocene
mineral–organic deposits with wood debris. This is the only place in the valley where
sediments from relict beaver ponds could be explored in the exposures.

In the wider sections of the valley, the bottom was a reclaimed area of former swamps.
Peat of various origin and varying degree of decomposition as well as peat with interbed-
dings of sand occur here indigenously to a maximum depth of 5.0–6.0 m. Peat is underlain
by gyttja. In wider sections of the valley, where groundwater is found at shallow depths,
the studies were carried out based on drilling using Instorf probes.

3.1. Studies in the Goły Jon Gorge

Alongside the Goły Jon Gorge, immediately next to the present-day channel, mineral–
organic and organic–mineral pond sediments deposited on riverbed sand and gravel were
exposed (Figure 4). In 2015, on an eight-metre-long stretch, a mineral—organic sediment
profile was exposed and cleared. The earth works continued in 2017 [4,22]. At present,
these sediments make a flood plain that is 10 m wide and 1.5 m to 2.0 m high.
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shown in Figure 4. 

Figure 6. Mineral–organic aggradate muds in the fill of relict beaver ponds dating back to the
Middle Ages (1), separated by riverbed sands deposited during periods of free flow of water in the
watercourse (2) and a “felled tree” (3). Wood detritus visible in deposits. The exact location is shown
in Figure 4.
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Figure 7. Cross-section of an exposure recording the medieval stage of settlement of beavers in
the Gołyjonka valley. (A)—exposures in the Goły Jon Gorge, (B)—GPR image. Description of the
deposits: (1) topsoil (A) horizon on the most recent riverbed sands (organic C content —1.72%).
(2) Layered sands, in places strongly deformed by load cast (organic C content 0.47%). Riverbed sands
accumulated during periods of disappearance (probably due to the destruction of beaver dams) of
still bodies of water (3) Massive sands interbedded with loam in the floor, eroded in the roof sequence
(organic C content 1.03%). Fragment of the landslide debris tongue. Colluvial nature of the sands
confirmed by OSL testing. (4) Massive mineral–organic dark-grey silt with numerous chunks of wood,
including some with beaver teeth marks. Beaver pond sediments (organic C content 4.72%–13.4%).
(5) Trunk of an alder tree still rooted in the bottom of a fossil beaver pond. (6) Accumulation of wood
and mineral–organic silt into a mound perpendicular to the axis of the valley. Larger chunks of wood
laying perpendicular to the valley axis, others arranged randomly. Relict beaver dam. (7) Larger
chunks of wood in mineral–organic deposits (smaller wood detritus not indicated in the Figure).
(8) Location of sampling for tests (loss on ignition) and OSL dating. The exact location is shown in
Figure 4.
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Gorge bottom sections adjoining the wider parts of the valley are filled with peat,
sandy peat (loss on ignition from 23% to 86%), highly decomposed peat (loss on ignition
15%) and fine-grained sand (organic C content 1–3.6%). In the remaining area of the gorge,
massive dark grey sand occurs with a large fraction of amorphous organic substance
containing from 5% to 9% organic C. They show a clear similarity (grain-size distribution
and content of organic matter) to sand occurring in the bottom of contemporary beaver
ponds. Pieces of wood with beaver teeth marks are found in various locations.

Sediments from the bottom of the gorge consist of two parts. The lower part is
riverbed sand containing pieces of wood with beaver cuts. In riverbed sand of the lower
part, allogenic wood with beaver cut marks can be found at some points. Two pieces
extracted from the same depth were dated as 3220 BP and 1110 BP. The upper element
consists of mineral–organic and organic–mineral sediments with plenty of wood detritus.
These are sediments found in shallow still bodies of water. In the upper part, the exposure
revealed two relict dams (Figure 4). Sand with amorphous organic substance and sand
with fine organic detritus is accumulated downstream of the dams, up to dam ceiling level.
A piece of wood from the older dam was dated 1450 ± 50 BP (537–668 cal AD). Wood from
the more recent dam was dated 620 ± 60 BP (1280–1419 cal AD). In the more recent dam,
the distribution of wood was analysed in subsequent horizontal sections (every 15 cm) and
in the cross-section (Figure 5). The analysis of the more recent dam demonstrated that only
a portion of the structure survived. Near the destroyed relict dam, in the sediments from
another relict pond, a stone was found (10 cm wide and 15 cm long).

During the exploration of exposures in the gorge, sediments from five ponds of
varying ages were documented. In the sediments from the oldest pond (the deepest lying
sediments), an alder tree trunk stuck into its bottom was preserved. It is dated 1550 ± 40 BP
(426–596 cal AD) (Table 1), which corresponds to the date of wood from the relict dam built
on that pond (1450 ± 50 BP (537–668 cal AD)). The traces of early medieval colonisation
were also documented outside the gorge. In the valley suspended over the headwater
recess, wood with beaver cuts extracted from sediments of the relict beaver pond was
dated 1265 ± 40 BP (663–779 cal AD) [22].

Table 1. Medieval age of samples collected for radiocarbon dating in the Gołyjonka valley.

Valley
Geographical

Coordinates of
Samples

Laboratory
Code of the

Sample

Radiocarbon
Date

Calibrated
Date

Material and
Sampling

Place

Depth of
Deposition in

Metres

Goły Jon—
suspended

valley

53◦38′14.70” N
18◦09′03.22” E GdS-1238 1265 ± 40 BP 663–779 cal AD Wood from

sediments 0.4

Goły Jon—
suspended

valley

53◦38′14.70” N
18◦09′03.22” E GdS-1267 1435 ± 45 BP 556–664 cal AD Peat 0.6

Goły
Jon—gorge

53◦38′32.02” N
18◦09′46.77” E MKL- . . . 1110 ± BP 945–989 cal AD Wood from

sediments 1.1

Goły
Jon—gorge

53◦38′32.27” N
18◦09′48.10” E

Lic. no.
MKL-2618 1450 ± 50 BP 537–668 cal AD

Wood from
relict beaver

dam
1.4

Goły
Jon—gorge

53◦38′32.27” N
18◦09′48.36” E

Lic. no.
MKL-2619 1550 ± 40 BP 426–596 cal AD

Wood—tree
trunk from
sediments

1.4

Goły
Jon—gorge

53◦38′32.60” N
18◦09′49.58” E

Lic. no.
MKL-3316 1290 ± 35 BP 657–777 cal AD Wood from

sediments 1.1
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Table 1. Cont.

Valley
Geographical

Coordinates of
Samples

Laboratory
Code of the

Sample

Radiocarbon
Date

Calibrated
Date

Material and
Sampling

Place

Depth of
Deposition in

Metres

Goły
Jon—gorge

53◦38′32.60” N
18◦09′49.58” E

Lic. no.
MKL-3317 620 ± 60 BP 1280–1419 cal

AD

Wood from
relict dam in

another
location

0.6

Goły
Jon—wider

section 2

53◦38′44.78” N
18◦10′14.30” E GdS-3786 640 ± 70 BP 1266–1425 cal

AD Wood from peat 0.6

Goły
Jon—wider

section 2

53◦38′44.78” N
18◦10′14.30” E GdS-3784 765 ± 65 BP 1156–1322 cal

AD Wood from peat 0.8

Goły
Jon—wider

section 2

53◦38′44.86” N
18◦10′14.94” E GdS-3795 1460 ± 70 BP 428–674 cal AD Wood from peat 1.1

The most recent relict pond (620 ± 60 BP (1280–1419 cal AD)) dates back to the end of
the Middle Ages. Radiocarbon dates indicating a medieval sequence of beaver ponds in
the Goły Jon Gorge corroborate OSL dating of small portions of riverbed sand separating
still water sediments of varying ages (Figures 6 and 7).

3.2. The Gołyjonka Valley. Studies in Wider Parts of the Meltwater Valley

Until the mid-19th century, some parts of the bottom of the Gołyjonka valley were
swampy wasteland. Due to recurring land improvement processes, the water table in the
bottom of the valley is now 1.0–1.5 m below the ground level. This necessitated geological
sounding with Instorf probes. Drilling depth was up to 2.0 m. An exception was single
six-metre probes used in the central part of the peat bog in the wider headwaters section
of the river Gołyjonka. The structure of the studied organic cover differs from the classic
structure of peatland formed by lake overgrowth. The accumulation of peat in wider
sections of valleys first started in the central part. The swamp-forming process extended
onto the external parts of valleys much later. The classic pattern of evolution of river
valley peatland is disturbed by local accumulation of riverbed sand separating peat, highly
decomposed peat and lens-shaped accumulations of wood.

These are sequences of sediments formed when channel flows are dammed and are
later reactivated in the same place, i.e., fluvial sand–peat–fluvial sand (Figures 8 and 9).
The accumulation of wood debris in certain cases was ascribed to the activity of beavers.

3.2.1. Sand Separating Layers of Peat

The following results were obtained during probe testing in wider sections of the
Gołyjonka valley:

Out of 47 cores in which sand was found, 13 contained sand on peat deposits. In other
cores, sand is deposited in the floor, immediately on lacustrine sediments. The layer of
organic mud and peat deposited on riverbed sand is typical of the stage of overgrowth of
the body of water formed on the river channel after a dam was built by beavers. Alternating
sand–peat–sand sequences discovered in the cores are interpreted as the result of stopping
the flow, formation of a beaver pond, its overgrowth and reappearance of a river channel
in this place.

In the outer parts of the valley bottom, the thickness of organic–mineral deposits
containing beaver pond sediment sequences does not exceed 2.0 m. The prevailing mass of
sediments in the marginal zone formed in the Subatlantic period. The radiocarbon date of
a wood sample found at a depth of 1.7 m is 1855 ± 45 BP (70–255 cal AD). Muck samples
from a depth of 2.0 m were dated 2420 ± 60 BP (672–397 cal BC). There are reasons to
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believe that, in the central sections of the valley bottom, this young cover may be inserted
into the intersected parts of older covers. This is testified by the date of wood dragged from
older deposits into the beaver dam built probably 1500 years ago (allochthonous wood
dated 5060 ± 70 BP (3983–3702 cal BC) is deposited in the wood debris 30 cm above wood
dated 1460 ± 70 BP (428–674 cal AD) (Figure 9)). Sediments predominant in the analysed
two-metre-thick layer are typical of beaver ponds (six radiocarbon datings of wood from
pond sediments within the range 640–1550 BP (Figure 9, Table 1)). The radiocarbon dates
of formations found at a depth from 0.5 m to 1.0 m were determined in a period from
640 ± 70 BP (1266–1425 cal AD) to 765 ± 65 BP (1156–1322 cal AD) (late Middle Ages) and
those at a depth of 1.0–1.5 m from 1290 to 1550 BP (early Middle Ages).
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Figure 8. Cores with alternating sand on peat and peat on sand deposits. Location cores—point 3 in
Figure 2.

In the central wider sections of valleys, the layer of wetland sediments deposited
on lacustrine sediments (gyttja) is slightly thicker than 4.0 m. In ZDW1 core (Figure 9),
undistributed sedge peat from a depth of 4.3 m was dated 3805 ± 75 BP (2465–2110 cal
BC). In the “headwaters basin” (Figure 9, GJ3 core), the oldest sands testifying that the
basin formed part of a river network were older than 4080 ± 95 BP (2895–2451 cal BC) (in
a similar wider section of the Zdrojanka valley, sands from the oldest channel flow were
older than 2990 ± 70 BP (1410–1042 cal BC)).

In the core reaching a depth of 5.0 m in the wider part of the Zdrojanka valley (Figure 9,
ZDW1 core, location shown in Figure 2), the sediments of beaver ponds are accumulated
in a 1 m thick layer of highly decomposed peat from ca. 3805 ± 75 BP (2465–2110 cal BC)
to ca. 3000 BP. From a depth of about 3.0 m (3000 BP) up to the ceiling, there is a series of
alternating peat and sand layers including seven inserts of riverbed sand separating peat
from organic–mineral silt. The origin other than that connected with the cycles: beaver
pond > filling with organic formations during pond disappearance > cutting of the fill by
the river channel > repeated stopping of the flow, is hardly acceptable.



Water 2021, 13, 777 13 of 20Water 2021, 13, x FOR PEER REVIEW 12 of 19 
 

 

 

Figure 9. Structure of the peat cover in wider sections of the Gołyjonka valley and the Zdrojanka 

valley. Examples of cores prepared during field surveys. 1—non-decomposed peat; 2—decom-

posed peat; 3—sand; 4—gyttja; 5—wood in mineral and organic deposits. Non-decomposed or-

ganic deposits are represented by different types of peat with wood detritus (moss peat, Sphag-

num peat, sedge peat). Decomposed peat organic sediments with different degree of decomposi-

tion of the organic matter and with a share of amorphous matter exceeding 50% (black coloured). 

3.2.1. Sand Separating Layers of Peat 

The following results were obtained during probe testing in wider sections of the 

Gołyjonka valley: 

Out of 47 cores in which sand was found, 13 contained sand on peat deposits. In other 

cores, sand is deposited in the floor, immediately on lacustrine sediments. The layer of 

organic mud and peat deposited on riverbed sand is typical of the stage of overgrowth of 

the body of water formed on the river channel after a dam was built by beavers. Alternat-

ing sand–peat–sand sequences discovered in the cores are interpreted as the result of stop-

ping the flow, formation of a beaver pond, its overgrowth and reappearance of a river 

channel in this place. 

In the outer parts of the valley bottom, the thickness of organic–mineral deposits con-

taining beaver pond sediment sequences does not exceed 2.0 m. The prevailing mass of 

sediments in the marginal zone formed in the Subatlantic period. The radiocarbon date of 

a wood sample found at a depth of 1.7 m is 1855 ± 45 BP (70–255 cal AD). Muck samples 

from a depth of 2.0 m were dated 2420 ± 60 BP (672–397 cal BC). There are reasons to 

believe that, in the central sections of the valley bottom, this young cover may be inserted 

into the intersected parts of older covers. This is testified by the date of wood dragged 

from older deposits into the beaver dam built probably 1500 years ago (allochthonous 

wood dated 5060 ± 70 BP (3983–3702 cal BC) is deposited in the wood debris 30 cm above 

Figure 9. Structure of the peat cover in wider sections of the Gołyjonka valley and the Zdrojanka
valley. Examples of cores prepared during field surveys. 1—non-decomposed peat; 2—decomposed
peat; 3—sand; 4—gyttja; 5—wood in mineral and organic deposits. Non-decomposed organic
deposits are represented by different types of peat with wood detritus (moss peat, Sphagnum peat,
sedge peat). Decomposed peat organic sediments with different degree of decomposition of the
organic matter and with a share of amorphous matter exceeding 50% (black coloured).

In the central part of the headwaters of the river Gołyjonka, 4.7 m thick layers of peat
decomposed to a different degree and deposited on sand were drilled. At a distance of
30 m, another hole was drilled in which alternating sand and peat layers were found up
to a depth of 3.65 m (four sandy interbeddings from 5 to 15 cm thick). Wood occurring
at a depth of 285 cm was dated 4080 ± 95 BP (2895–2451 cal BC) (Figure 9. GJ3 core).
The recurring location of beaver ponds in this place for at least four thousand years and
accumulation of the peat cover in the bottom next to them testify to certain preferences of
beavers in selecting dam locations and the lack of lateral migration of the river channel.

Dams built on rivers contributed to avulsion and formation of new river channels
(Figure 10). Initially, avulsion covered a narrow zone of the valley axis. Only when the
central parts of the postglacial depressions were filled with Holocene organic–mineral
sediments did the zone in which beaver ponds were formed and the related avulsion
extend onto their marginal parts.
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Figure 10. The scheme of modification of the river network as a result of beaver ponds appearing in
the valley: (a) ponds filled with water, (b) ponds filled with sediments and adjoining peat. 1. Bottom
with a stream prior to colonisation by beavers. 2. Bottom with active ponds and avulsion of the river.
3. Bottom with overgrown ponds and an active pond.

3.2.2. Wood in Peat and Sand

Studies carried out in contemporary ponds and in exposed relict ponds in the Goły
Jon Gorge revealed an increase in the concentration of wood in the area directly used by
beavers [4,22]. Wood accumulated in wetland sediments was initially detected based on
anomalies on GPR images of the area. Based on those images, possible wood concentration
sites in the settlements were selected for Instorf probing tests. The forest peat–sand–
forest peat sequences were associated with relict beaver ponds. Another element that was
probably connected with beaver ponds (remnants of dams) was layers of wood debris
more than 30 cm thick. The cores in which macro-remains were analysed proved useful
for revealing the presence of beavers in wider parts of the valleys and the presence of
allochthonous wood was confirmed.

4. Discussion

The material presented in this article is a report from a part of research carried out
in the search for relict beaver ponds from the Holocene in the Tuchola Forest. The first
stage of research comprised studies of how beaver activity currently affects changes in
the components of the environment. Contemporary changes of terrain relief, sedimenta-
tion, water storage, plant cover and biodiversity connected with the presence of beavers
were analysed [22]. Results obtained at this stage triggered a search for past traces of
beaver activity.

The relatively small number of papers dealing with issues connected with beaver
activity in the Holocene is mainly due to problems with the selection of methods for correct
identification of beaver pond sediments. The likelihood of finding Holocene beaver pond
sediments in exposures within the Tuchola Forest is low due to the fact that Holocene
sediments are mostly found below the groundwater table level. The effectiveness of studies
carried out in cleared exposures with accumulations of wood bearing beaver teeth marks is
indisputable. Positive results were obtained during studies carried out in exposures in the
Goły Jon Gorge.
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The study of the only profile of relict beaver ponds so far in Poland and its comparison
with profiles described by other researchers [31] shows that unambiguous sedimentological
criteria for identifying the sediments of relict beaver ponds do not exist. Wood with beaver
teeth marks found in the exposures is a very valuable material as it makes the beaver origin
of pond sediments probable.

Certain classical methods used in river valley sediment studies are fallible. These include
structural and texture analysis of sediment features (e.g., grain-size distribution analysis).

Serious problems occur in recognising beaver pond sediments during field surveys in
wider sections of valleys filled with peat. Difficulties emerge at the stage of selecting the
survey site in a flat area covered with peat. Non-invasive testing methods using Detector
Duo were effective in only half. Based on changes in the dry density of sediments and
other features, the team of N. Kramer were able to determine the sites for detailed analysis
and identify relict beaver dams [39]. During our studies, in places where the ground-
penetrating radar detected density disruptions in 50% of the cases, the accumulations of
wood debris were recognised as the reason for such disruption (corroborated by Instorf
probe testing).

A difficult-to-specify but certainly large number of probes would be required in order
to identify sites in a flat peatland with a surface area of a few hectares where, at the most,
several-metres-wide beaver dams could have been preserved underground at different
depths without a ground-penetrating radar—even one with 50% efficiency.

Studies carried out in peat bogs involved sedimentary facies analysis using sequence
stratigraphy. Formations characteristic of an overgrown body of water overlaying the
riverbed sand point to a high likelihood that the flow in the stream was dammed and a
pond created. The beaver origin of such damming is probable according to accompanying
analyses (analysis of macro-remains and radiocarbon dating). Section A of Figure 11
illustrates a situation when the river channel is directed onto the peat surface due to
avulsion. Riverbed sand is accumulated on peat (see probe in Figure 8). Stopping of the
water flow by a beaver dam leads to the formation of a temporary pond filled with wood
detritus and later with peat. Probe testing carried out in the peat bogs showed similar
sequences recurring at different depths for a number of probes (Figure 9). To a depth of
2.0 m, the sequences dated back to the Middle Ages. In single probes, older sequences were
found at greater depths (from the beginning of the Subboreal period). It is very likely only
a matter of time before beaver ponds older than Subboreal in the central parts of peat bogs
featuring the thickest wetland formations are documented.

The activity of beavers was manifested in adapting the environment to their needs
by building dams which raised the level of water in the watercourse. The internal struc-
ture of beaver dams is very complex. Beavers build dams using various materials, e.g.,
wood, sediments, grass, leaves and stones [64–66]. Generally, beavers use anything that
is available near their habitat. Beaver dams contain stones which can be the indicators of
beaver activity. In the Goły Jon Gorge, in a layer of organic deposits, a stone was found
which should be associated with the activity of beavers. The study site is surrounded by an
area built of fluvioglacial sediments with prevailing fractions of sand. The drilling found
no fraction thicker than medium-grained sand, which suggests that beavers brought this
stone from another location.

The flooding of river valleys and formation of peat cover commonly occurring in the
Holocene has so far been associated with climate change or anthropopressure. Identifying
beaver activity as a factor triggering changes similar to those inspired by the climate or
human activity compounds the paleogeographic interpretations of the Holocene evolution
of small river valleys in the Polish Plain.
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Figure 11. The scheme of formation of sand–peat sequences in the bottom of the valley. (A)—
formation and overgrowth of a beaver pond. 1 - watercourse without dam, 2 - beaver dam on the
watercourse, 3 - filling the beaver pond with sediments. (B)—schematic transverse section of the
valley with beaver pond sequences. a—water in the stream, pond; b—stream bed sand; c—beaver
dam; d—mineral–organic sediments and peat; e—sediments filling beaver ponds.

5. Conclusions

The only exposure of relict beaver ponds that has been known in Poland is located
in the Gołyjonka valley. It was also the first time when the Holocene valley peat cover
was explored in the search for relict beaver ponds. Based on analysis of the sequence of
channel deposits and sediments of shallow overgrown ponds and radiocarbon dating of
wood bearing beaver teeth marks, it was determined that medieval beaver ponds were
present in peat-covered sections of river valleys.

Procedures concerning the use of various indicators useful in identifying beaver pond
sediments in alluvial deposits were described. They can be used for carrying out studies
in small river valleys in other areas. In exposures, next to structural and texture analyses,
the prevailing criterion is the presence of wood bearing beaver teeth marks. In valley peat
cover surveys, the fundamental criterion for recognising relict beaver pond sediments is
the alternating layers of channel deposits and sediments of shallow still bodies of water. An
additional criterion can be the presence of macro-remains of allochthonous wood among
wood debris. Stones were hardly ever found in pond sediments.

The oldest beaver ponds found in the Tuchola Forest dated back to the Subboreal
period [4]. Documenting older deposits is an open research issue due to the fragmentary
nature of material collected so far. The preparation of cores is planned in the central parts
of wider sections of the valley where the layer of Holocene sediments is the thickest.

A clear need arises for including beaver pond sediments in the classification of river
basin sediments and describing them in detail. However, this requires a larger set of data
on variations in their features depending on the environmental conditions in the catchment
basins in which such ponds occur.

Documenting the presence of beavers in forest catchments in the Holocene is also
significant in terms of evaluating the role of these rodents in mitigating the effect of climate
change on the water regime of river basins at that time.
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