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1 INTRODUCTION

Rangifer tarandus is a large ungulate in the family of Cervidae that has almost a

circumpolar range across northern Holocratic region. It has also been introduced in

Iceland and the sub-Antarctic island of South Georgia (Røed et al. 2018). Subspecies of

Rangifer are called caribous in the American continent and reindeer in other places (Røed

et al. 2018). There are two subspecies of Rangifer in Finland, the semi-domesticated

reindeer Rangifer tarandus tarandus descending from mountain reindeer and the wild

forest reindeer Rangifer tarandus fennicus (Rankama and Ukkonen 2001). In this thesis

the two Finnish subspecies are referred to as semi-domesticated and wild forest reindeer.

Other subspecies are referred to with their scientific and common names and all the

subspecies of Rangifer tarandus combined are referred to as Rangifer since it is the only

species in the genus (Figure 1).

Figure 1. Taxonomy of the Rangifer genus.

While the semi-domesticated reindeer is a common livestock animal in Lapland across

northern countries, the wild forest reindeer inhabits parts of Central Finland and North-

Eastern Finland (Bisi and Härkönen 2007, Tryland and Kutz 2018). The wild forest

reindeer have two populations, one at Suomenselkä and Ähtäri in Central Finland and one

in Kainuu and Northern Karelia. The population in the Northern Karelia crosses the

Rangifer

R.
tarandus

R. t.
tarandus

R. t.
fennicus R. t. spp.
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border to the Russian Federation and is mixed with the population in Russian Karelia

(Rankama and Ukkonen 2001).

The wild forest reindeer was hunted to extinction from Finland in the 1900’s. It

reappeared from the last existing population in Russian Karelia and was reintroduced to

Central Finland (Soveri and Nieminen 2007). The WildForestReindeerLIFE, an EU-Life

project, has an objective to achieve a favorable conservation status for the wild forest

reindeer in Finland. One of the tools used in the project is reintroduction of animals to the

Seitseminen and Lauhanvuori areas (Metsähallitus 2016).

2 DIET, NUTRITION AND GASTROINTESTINAL MORPHOLOGY
OF THE RANGIFER

As subspecies of reindeer, the semi-domesticated reindeer and the wild forest reindeer

closely resemble each other. The distinctive features of the wild forest reindeers are

narrower antlers, larger body size and longer legs than those of the semi-domesticated

reindeer (Banfield 1961, Rankama and Ukkonen 2001, Røed et al. 2018). These are

adaptations to different environments. The semi-domesticated reindeer live on the fells of

Lapland, where the vegetation is bare. The wild forest reindeer, living in forested areas

of Finland, needs to move in a landscape of thick vegetation (Bisi and Härkönen 2007,

Røed et al. 2018).

The two subspecies are presumed to have migrated to Finland at different times and from

different directions. The mountain reindeer, the ancestor of the semi-domesticated

reindeer, is presumed to have come to Finland from the eastern coast of Norway about

9000 years ago. The wild forest reindeer is presumed to have migrated to Finland from

the east approximately 7000 years ago (Rankama and Ukkonen 2001). The semi-

domesticated reindeer and the wild forest reindeer share the same haplotype of

mitochondrial DNA, one of three mitochondrial DNA haplotype groups found in

Rangifer. This indicates that there have been three separate populations during the last

glacial period from which the different mitochondrial DNA haplotypes have emerged

(Flagstad and Røed 2003, Røed et al. 2018).
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2.1 Seasonal nutrition and diet

2.1.1 Winter and spring diets

Lichen is usually the most important food item during winter. In many arctic areas,

lichens make up nearly two thirds of the entire plant mass consumed by the reindeer

(Nieminen and Heiskari 1989). There are populations that eat minimal amounts of lichen

while in other populations, lichen is also consumed in the snow-free period, so it is not

just a winter food item (Finstad and Kielland 2011, Åhman and White 2018).

The main component of the chemical composition of lichens is carbohydrates. Some of

the carbohydrates are specific to lichens and are easily digested by Rangifer (Danell et al.

1994, Ophof et al. 2013). Carbohydrates found in lichens can be divided to water-soluble

sugars, lichenin, hemicellulose and cellulose, with lichenin and hemicellulose being the

most prevalent (Podterob 2008). High soluble carbohydrate content makes lichen a good

source of energy for reindeer.

Most common lichens consumed by reindeer belong to the genus Cladonia. Dry matter

digestibility in vitro for different Cladonia spp., when using inoculum from Rangifer that

have adapted to lichen in their diet, are reported to be from 40 % to 70 % (Table 1). The

digestibility differs between Cladonia spp., C. Rangiferina and C. arbuscula having

higher digestibility than C. stellaris (Danell et al. 1994, Storeheier et al. 2002b). When

using inoculum of captive Rangifer that had no access to lichens the dry matter

digestibility of C. stellaris was only 10 % (Storeheier et al. 2002b). Arboreal lichens

Bryoria spp. have dry matter digestibility of up to 88 %  (Danell et al. 1994). The more

digestible Cladonia spp., Bryoria spp. and Cetaria spp. have a higher palatability than

Stereocaulon pascale, which also has a lower dry matter digestibility (Danell et al. 1994,

Storeheier et al. 2002b).
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Table 1. In vitro dry matter digestibility of different lichen species in Rangifer inoculum.

From Danell et al. (1994), Storeheier et al. (2002b) and Ophof et al. (2013).

Lichen DM Digestibility %
Bryoria spp. 88
Cetraria islandica 77.2
Cetraria nivalis 71.4
Cladonia arbuscula 57 - 70.1
Cladonia gracilis 57.7
Cladonia rangiferina 69
Cladonia stellaris 41 - 55.7
Stereocaulon paschale 36 – 44

Table 2. Dry matter composition of some lichens consumed by Rangifer. Adapted from

Nieminen and Heiskari (1989).

Lichen Crude protein
%

Crude fiber
%

Crude fat
%

Nitrogen free
extract %

Sugar %

Alectoria spp. 6.3 8.1 2.6 83.0 0.8

Alectoria
sarmentosa

4.3 6.1 8.7 73.1 0.1

Bryoria fuscescens 5.8 36.8 2.2 81.7 0.1

Cladonia spp. 2.9 36.7 2.6 56.9 0.7

Cladonia
albuscula

2.5 28.0 2.2 63.6 0.9

Cladonia mitis 2.2 37.0 1.6 53.5 NA

Cladonia nivalis 2.1 7.4 2.9 84.9 0.3

Cladonia
rangiferina

2.8 39.8 1.5 52.6 0.6

Cladonia stellaris 2.5 39.4 2.5 60.4 0.9

Stereocaulon spp. 17.9 22.4 2.4 64.0 0.1

Table 3. Carbohydrate contents of some reindeer lichens (Cladonia spp.) as percentage

of dry matter. From Podterob (2008).

Species Water soluble
sugar %

Lichenin
%

Hemicellulose
%

Cellulose
%

Total
carbohydrates %

Cladonia alpestris 0.3 2.4 73.8 7.3 83.8

Cladonia mitis 0.4 1.6 71.6 6.6 80.2

Cladonia deformens 0.3 4.1 68.5 10.8 83.7
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Table 4. Average element content of lichens in mg/kg dry matter. From Podterob (2008).

Element Amount Element Amount

N 8470 Cl 100

P 770 Fe 1050

K 3330 Mn 89

Na 815 Zn 40

Ca 3600 Cu 8.4

Mg 820 B 4

Si 3770 Mo 0.39

S 870 Co 0.48

Many lichens consumed by Rangifer are low in protein and minerals like calcium,

phosphorous, potassium and magnesium (Tables 2 and 4). Cladonia spp. contain only

2 % crude protein in dry matter basis (Table 2), and the digestible protein content is close

to zero (Nieminen and Heiskari 1989, Ophof et al. 2013). Arboreal lichens Alectoria and

Bryoria have generally higher crude protein content than Cladonia spp. Stereocaulon spp.

is an exception with crude protein content of 18 % of dry matter. Chemical composition

of lichens does not change between seasons but mat-forming lichens, such as the reindeer

lichens (Cladonia spp.) described here, have a more nutritious top growing part than the

lower part of the thalli (body of the lichen) (Storeheier et al. 2002b, Ophof et al. 2013).

Because of the poor protein and mineral content of lichens, Rangifer cannot survive solely

on a lichen diet during winter (Rognmo et al. 1983, Säkkinen et al. 1999, Åhman and

White 2018). Other feed items such as wintergreen grasses are important components of

the winter diet for the Rangifer to maintain body condition through winter. In northern

Finland, the semi-domesticated reindeer populations have been observed to use not only

lichen heaths but also adjacent feeding sites with sedges and grasses (Nieminen and

Heiskari 1989, Åhman and White 2018). Gestating female Rangifer fed exclusively on a

lichen diet ad libitum experienced an early calf mortality of 28 % whereas females fed on

a more nutritious diet had an early calf mortality of 7 % (Rognmo et al. 1983).

In comparison to lichens graminoids, shrubs and forbs have a crude protein content that

is 2 to 3-fold greater, ranging from 4 % - 10 % dry matter basis (Heggberget et al. 2002).
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Conjointly the mineral content is several times higher than that of lichens (Ophof et al.

2013). The new growth of shrubs and vascular plants can contain over 20 % crude protein

in dry matter and are highly digestible, so they can bring a substantial protein and mineral

supplement to the diet even in small amounts, notably in the early spring (Warenberg

1982, Ophof et al. 2013, Åhman and White 2018).

The unique ability of Rangifer to utilize lichen during winter is essential for their survival

when availability of vascular plants is limited. Lichen contains polysaccharides that have

glucose linkages different from those of starch and cellulose (Culberson 1969, ref.,

Åhman and White 2018). Usnic acid, a secondary phenolic compound, is found in many

species of lichen used by Rangifer during winter and is known to be toxic to fungi and

many of the Gram-positive bacteria (Ingolfsdottir 2002). Rumen microbes of Rangifer

apparently can tolerate usnic acid by metabolizing it to non-toxic compounds (Palo 1993).

Limited availability of nitrogen is a prevalent feature of Rangifer winter diet because of

the poor nitrogen content of lichen (Nieminen and Heiskari 1989, Ophof et al. 2013). To

conserve as much nitrogen as possible during winter the Rangifer is more efficient in

recycling nitrogen as urea back to rumen in comparison to domestic ruminants (Valtonen

1979, Wales et al. 1975 ref., Pösö 2005). Decreasing urea concentration in serum during

winter is seen as evidence of a more efficient urea cycling to rumen and an increase in

concentration is viewed as an indicator of severe starvation and proteolysis (Valtonen

1979, Soveri et al. 1992, Pösö et al. 1994).

As for the actors affecting Rangifer winter nutrition, snow coverage and depth play as big

a role as forage quality (Åhman and White 2018). When the snow coverage is deep the

reindeer make a trade-off between energy obtained from lichen and energy consumed

digging up the lichens (“cratering”) (Åhman and White 2018). Rangifer can distinguish

good feeding patches, snow depth and hardness and they are observed to choose the

patches with highest lichen biomass and lowest snow depth and hardness  (Johnson et al.

2001).



11

2.1.2 Summer and autumn diets

The summer diet is dominated by deciduous trees and shrubs along with graminoids

(Gaare and Skogland 1975, Nieminen and Heiskari 1989, Finstad and Kielland 2011).

During summer the Rangifer are highly selective of their feed plants. Rangifer’s summer

food items contain approximately 22 % crude fiber and 15 % crude protein in dry matter

(Nieminen and Heiskari 1989). The leaves of trees and shrubs contain more crude protein

in dry matter than grasses and herbs (Nieminen and Heiskari 1989). Accessing feeding

sites containing high plant biomass and plants with high digestibility enable Rangifer to

increase feed and energy intake in contrast to winter (Åhman and White 2018). Rangifer

need to achieve a positive energy and nitrogen balance during summer and autumn to

accumulate sufficient body reserves for the upcoming winter (Thompson and Barboza

2017).

Mushrooms are used towards the end of summer, Boletus spp. being the most consumed

(Nieminen and Heiskari 1989). Mushrooms contain a high amount of water, about 90 %,

but the dry matter portion of the total mass is high in nutrients like crude protein and

enzymes (Kreula et al. 1976). The crude protein in mushrooms is on average 23 % of the

dry matter (Nieminen and Heiskari 1989).

2.2 Anatomical and physiological adaptations

2.2.1 Gastrointestinal tract

Rangifer tarandus spp. are considered as intermediate mixed feeders on a ruminant type

scale from grazer to browsers (Hofmann 1989). Most studies of the gastrointestinal tract

and metabolism of Rangifer spp. are made on semi-domesticated reindeer (Rangifer

tarandus tarandus) or Svalbard reindeer (Rangifer tarandus plathyrynchus) (Nieminen

2013, Åhman and White 2018). The subspecies are found to be generally similar

regarding the gross anatomy of the gastrointestinal tract (Mathiesen et al. 2005).

Some differences have been found between the rumen papillae morphology of the wild

forest reindeer and semi-domesticated reindeer. In a study conducted by Soveri and

Nieminen (2007) they found that the semi-domesticated reindeer had a larger mean
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papillary volume, a larger surface enlargement factor, longer papillary parameters, larger

mean and areal papillary surface areas than the wild forest reindeer. Soveri and Nieminen

(2007) suggest that the reason for these findings is differences in feeding habits of the

two subspecies. If the semi-domesticated reindeer prefer a diet higher in soluble

carbohydrates than forest reindeer, they will have a higher rate of VFA production (Soveri

and Nieminen 2007). VFA’s stimulate the growth of the rumen papillae (da Silva Alonso

et al. 2006, Dieho et al. 2016).

Rangifer have the ability to anatomical adaptation of the gastrointestinal tract when feed

quality changes. Aagnes and Mathiesen (1996) studied the reticulo-rumen wet weight in

relation to body mass in free ranging and captive semi-domesticated reindeer fed different

diets. The main reason for changes in the gastrointestinal tract of captive animals seemed

to be plant structure and chemical composition, not season.

Ruminal digestion of feed material is done by ruminal microorganisms. There are fungi,

anaerobic bacteria, ciliate protozoa and methanogenic archaea that comprise the ruminal

microbial flora (Åhman and White 2018). The flora changes with season and diet, and

there are variations in composition and quantity between different habitats (Mathiesen et

al. 2005). Mathiesen et al. (2005) found that the Svalbard reindeer had significant

populations of cellulolytic bacteria in their rumen during winter. This facilitates digestion

of poorly digestible winter diet available in their habitat.

When comparing lichen in vitro digestibility between rumen fluids aspirated from cattle

and Rangifer, it is apparent that the digestibility is higher in Rangifer rumen fluid

(Wallsten 2003 ref., Åhman and White 2018). Cladonia spp. digestibility in vitro was

70 % in lichen-fed reindeer rumen fluid and only 11 % in cattle rumen fluid. No

significant difference was found between the digestibility of vascular plants between

cattle and reindeer rumen fluid (Wallsten 2003 ref., Åhman and White 2018).

Rangifer have fermentation occurring in the caecum and proximal part of the colon, also

known as the distal fermentation chamber, where cellulolytic bacteria brake down

cellulose that has escaped the rumen (Åhman and White 2018). Similarly, as in rumen

microbial fermentation, some VFA is produced and absorbed. In Svalbard reindeer as

much as 17 % of total VFA is produced in the distal fermentation chamber (Sørmo et al.

1997).
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2.2.2 Nutritional physiology and metabolism

Due to high seasonality of feed availability the Rangifer have adapted to store energy and

protein in high capacity to fat and muscle tissue (Åhman and White 2018). Body mass of

Rangifer was found to be lower in April than in September (Aagnes and Mathiesen 1996).

Body reserves are gained during summer and autumn when feed availability is high and

spent during winter when feed availability is limited. The negative energy balance of

winter and the ensuing weight loss are thought to be regulated processes in Rangifer’s

metabolism, and they should be seen as nutrition-dependent but not as malnutrition (Tyler

et al. 1999, R. G. White et al. 2014). Lipolysis in the extent in which ketone bodies are

formed is only seen in extreme starvation, and moderate lipolysis and proteolysis is

normal metabolism in winter (Pösö 2005).

To adapt to changing environment, the environmental cues need to be translated into

changes in metabolism and physiology. In Rangifer, the most stable annual environmental

change is the photoperiod (Pösö 2005). This affects the physiology of reindeer through

excretion of melatonin hormone from the pineal gland. Melatonin has a role in regulation

of immune function, body mass, reproduction, growth of pelage and thermogenesis. Other

hormones that are observed to have seasonal variation are insulin, leptin and thyroid

hormones (Pösö 2005). Physiological changes that we can observe are a result of multiple

hormones having an affect (Pösö 2005).

Female Rangifer are observed to use body reserves for foetal growth and dietary energy

and nitrogen for maintenance (Parker et al. 2005). Rangifer have a certain plasticity in

their reproductive cycle in a way that the foetal development, birth and weaning adapt to

environmental conditions, mainly to feed availability of the season (Åhman and White

2018). Also the average birth weight of the semi-domesticated reindeer calves is found to

be lower (4,0 kg) on poor lichen diets than on highly nutritious winter feeding pellet (6,3

kg) (Säkkinen et al. 1999).
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3 OBJECTIVES

The objective of this thesis is to determine basic characteristics of Rangifer tarandus

fennicus diets in the wild and in captivity and produce information for captive forest

reindeer holders to advance the management and welfare of animals. The hypothesis is

that there is a significant variation between seasons in the wild diet. To our knowledge

this is the first study trying to depict the diet of free ranging wild forest reindeer.

4 MATERIALS AND METHODS

The study was conducted in cooperation with Korkeasaari Zoo, a member of the European

Association of Zoos and Aquaria (EAZA). The captive diets are defined to encompass

European zoos because the Korkeasaari Zoo veterinarian is the EAZA appointed

veterinary advisor of the species for European zoos and the mammal curator of the zoo is

the EAZA appointed coordinator of the species. The fecal sampling was outlined to

concern the wild forest reindeer diets in the wild and in reintroduction enclosures to obtain

a sufficient number of samples.

4.1 Captive diets

4.1.1 Feeding guidelines from European zoos

There are 22 zoos in Europe that hold Rangifer tarandus fennicus. A total of 17 zoos

participated in the research effort by submitting their feeding guideline for R. t. fennicus.

Detailed information of participated zoos is not disclosed in the thesis for privacy reasons.

Food items in feeding guidelines were categorized as lichen, deciduous trees, conifers,

fruits and vegetables, shrubs and forbs, graminoids or other. The category “other”

includes everything not falling in the rest of the categories, such as commercial feeds,

grains and supplements. The feeding guideline was determined as “seasonal” if it

contained at least two different diets that were used in different times of the year.
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4.2 Fecal samples

4.2.1 Collection of samples

Samples were collected from natural conditions and a reintroduction enclosure by field

staffs of the Natural Resources Institute Finland and Metsähallitus and from wild

individuals during transportation by the veterinarian of Korkeasaari Zoo. The wild

samples were collected while conducting the population census and moving animals. A

total of 17 samples was obtained.

In reintroduction enclosures the animals have access to a natural pasture with natural

vegetation. In addition, they get pelleted reindeer commercial feed (Poro-elo 1, Hankkija

Oy), dried deciduous branches with leaves and small amounts of harvested lichen.

The samples 1 and 2 were collected from trailer floor during transportation of animals

from Kuhmo in November 2017 (Table 5). The samples were packed in resealable plastic

bags marked with sample name, date and time, and stored in a Styrofoam box with a

freezer pack until moved to a freezer at Korkeasaari Zoo. In wild and reintroduction

enclosure, the samples were collected from the ground at various locations from May

2019 to March 2020 (Table 5). The feces were identified by experienced field staff as

wild forest reindeer feces and collected proximally to a heard of wild forest reindeer to

ensure the freshness of samples. The samples were packed in resalable plastic bags

marked with date, time, sampling site name, and coordinates when possible. The samples

were stored in a Styrofoam box with a freezer pack until moved to a freezer. The samples

were shipped to Korkeasaari Zoo in a Styrofoam box with a freezer pack and moved to a

freezer.

Samples were stored in a freezer until all samples had arrived at Korkeasaari Zoo.

Samples 10 – 17 were left at a post office in room temperature for a week because of a

mistake in the delivery. All freezers used for storing the samples had a temperature of

-18 °C or lower. From each sample a subsample of three pellets were packed in test tubes

and delivered to the Institute of Biotechnology, University of Helsinki, on the same day.
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Table 5. List of the fecal samples with sampling location, date, and context.

Sample

number

Sampling location Sampling date Context

1 Kuhmo 8.11.2017 Wild (transport)

2 Kuhmo 8.11.2017 Wild (transport)

3 Taussuo, Vaala 30.9.2019 Wild

4 Taussuo, Vaala 30.9.2019 Wild

5 Veteli 28.5.2019 Wild

6 Perho 14.8.2019 Wild

7 Paljakonkangas, Lestijärvi 29.5.2019 Wild

8 Seitseminen, calves 26.11.2019 Reintroduction enclosure

9 Seitseminen, male 26.11.2019 Reintroduction enclosure

10 Romuvaara, Sotkamo 26.2.2020 Wild

11 Lontta, Sotkamo 26.2.2020 Wild

12 Kupavalampi, Kuhmo 26.2.2020 Wild

13 Pihlajalamminkangas,

Kuhmo

26.2.2020 Wild

14 Pieni-Martti, Kuhmo 3.3.2020 Wild

15 Riihikangas, Kuhmo 3.3.2020 Wild

16 Katajasuo, Kuhmo 3.3.2020 Wild

17 Polorlammit, Kuhmo 3.3.2020 Wild

4.2.2 DNA extraction

DNA extraction, PCR, DNA Metabarcoding and library preparation were done at the

Institute of Biotechnology at University of Helsinki, Finland, according to general

protocols and rules of University of Helsinki.

DNA was extracted from the fecal samples with PowerFecal DNA Isolation Kit (MO BIO

Laboratories Inc.) according to manufacturer’s protocol. One pellet from each sample was

used, and the pellet was broken down and mixed to obtain a subsample of 0,25 grams.
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4.2.3 PCR amplification

The PCR amplification was performed with ARKTIK Thermal Cyclers

(Finnzymes/Thermo Scientific). The PCR amplification was done in two steps. First the

ITS-region was amplified using three technical replicates per sample and two ITS-region

primers (ITS-S2F (forward) ATGCGATACTTGGTGTGAAT and ITS4 (reverse)

TCCTCCGCTTATTGATATGC (T. J. White et al. 1990, Chen et al. 2010, Kuzmina et

al. 2017)). Partial Illumina TruSeq adapter sequences were added to the 5' ends.

The next step was a second PCR round, using full length TruSeq P5 and Index, containing

adapters P7. Phusion Hot-Start II polymerase (Finnzymes/Thermo Scientific) was used

together with HF buffer and a 2,5 % dimethyl sulfoxide.

In the first PCR, the cycling conditions where: initial denaturation at 98 °C for 30 seconds,

15 cycles at 98 °C for 10 seconds, 65 °C for 30 seconds, 72 °C for 10 seconds and a final

extension at 72 °C for 5 minutes. In the second PCR, the conditions where the same apart

from the number of cycles. In the second PCR there were 18 cycles.

Quantitation of PCR products was done with Qubit (Invitrogen/Thermo Scientific). The

PCR products were pooled in equal amounts and purified with Agencourt AMPrue XP

magnetic beads (Beckman Coulter). Concentrations of the amplicon pools were measured

with Qubit (Invitrogen/Thermo Scientific) and the quality of DNA was checked with

Bioanalyzer 2100 (Agilent).

4.2.4 DNA sequencing and analysis

Final DNA pools were sequenced on an Illumina MiSeq sequencer, using the v2 600 cycle

kit pair-end (325 bp + 285 bp). To avoid batch effect, all samples were sequenced in a

single run. Number of raw sequence reads obtained was 1 981 184.

Sequence quality was verified with FastQC (Babraham Bioinformatics 2016). Primers

and bases along with sequences that failed to meet required quality criteria were trimmed

with CutAdapt (Martin 2011). The quality criteria for CutAdapt were quality score of

≥ 25, and sequence length of ≥ 180 base pairs after trimming for forward and reverse read.

After trimming, the data was further processed with mothur (Schloss et al. 2009), where
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most of the curation and processing of sequences was done by following the ITS pipeline

with OTU (operational taxonomic unit) approach. The total amount of sequence reads

passed on to mothur was 1 358 657. The final data set after mothur was 1 304 878

sequence reads and 940 OTU’s. OTU’s were identified as plant taxon’s with NCBI

BLAST (Altschul et al. 1990).

4.3. Statistics

All statistics were performed with Excel (Microsoft Corporation 2018). Captive diet data

was coded into a presence/absence matrix for each food item category. Frequencies of

presence of food item categories were calculated from total data.

OTU’s that had a sequence read of less than 100 nucleotides were trimmed from the data.

Fecal sample data was grouped in two different ways, season and location: May to

November as summer/autumn (n=9) and December to April as winter (n=8) and to

Kainuu (n=12) or Suomenselkä (n=5). Seasonal grouping was done based on snow

coverage. Summer/autumn is the period of no snow coverage and winter is the period of

snow coverage.

Data was processed as numbers of sequence reads, indicating prevalence of specific

OTU’s in the data. OTU’s were assigned to a genus according to BLAST identification

and the identified genera were assigned to a type. Frequencies of sequence reads of

specific plant taxa in samples were calculated from total data and from grouped data.

5 RESULTS

5.1. Captive diets

5.1.1 Average composition

Frequency of food items in wild forest reindeer feeding guidelines obtained from

European zoos are presented in table 6. Lichens included dry and fresh lichen. Deciduous

trees included fresh and dry leaves. Shrubs and forbs included dry and fresh herbs, dry

leaves of raspberry and other fresh or dry plant matter not from a tree or a graminoid.

Graminoids included dry and fresh hay and straw. Fruits and vegetables included apples,
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carrots, bananas, pumpkins, and celery. Other food items are everything else not falling

in the categories, for example commercial feeds, grains, supplements etc. A feeding

guideline was viewed as seasonal if it contained at least one change in the food items

presented for different seasons.

Table 6. Frequencies of food item categories present in the feeding guidelines.

Conifers were listed as a food item in 4 out of 17 guidelines, adding up to 24 % (Table

6). Most of the zoos that submitted their feeding guideline state that they feed deciduous

trees (16 zoos, 94 %. Table 6). Forbs and shrubs are offered in 5 zoos adding up to 29 %

(Table 6). Of the 17 zoos, 15 reported to offer graminoids, which totals to 88 % (Table

6). Fruits and vegetables were offered in 11 zoos, which makes a total of 65 % of all zoos

that participated (Table 6).

Category
No. of guidelines

containing the category Frequency %
Lichens 10 59 %
Deciduous trees 16 94 %
Conifers 4 24 %
Shrubs, forbs 5 29 %
Graminoids 15 88 %
Fruits & vegetables 11 65 %
Other 17 100 %
Seasonal diet 14 82 %



20

5.2. Wild diets

5.2.1 Plant taxa found in the samples

 Table 7. Numbers and frequencies of sequence reads identified as plant genera in the

fecal samples.

Identification No. of sequence reads Frequency
Carrot 9370 1.2 %

Daucus 9370 100.0 %
Cereal 3181 0.4 %

Hordeum 3181 100.0 %
Conifer 184 <0.1 %

Picea 53 28.8 %
Pinus 131 71.2 %

Cucumber 3839 0.5 %
Cucumis 3839 0.5 %

Deciduous 300545 38.9 %
Betula 252279 83.9 %
Populus 1462 0.5 %
Salix 46354 15.8 %
Sorbus 450 0.2 %

Forb, shrub 325263 42.1 %
Avenella 116 <0.1 %
Cerastium 9682 3.0 %
Chamaenerion 129296 39.8 %
Comarum 2806 0.9 %
Filipendula 3818 1.2 %
Melampyrum 5137 1.6 %
Menyanthes 24642 7.6 %
Plantago 90 <0.1 %
Ranunculus 18855 5.8 %
Rubus 11176 3.4 %
Scheuchzeria 137 <0.1 %
Trifolium 119508 36.7 %
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Table 7 continues.

Identification No. of sequence reads Frequency
Graminoid 3812 0.5 %

Deschampsia 435 11.4 %
Phelum 1079 28.3 %
Poa 2298 60.3 %

Lichen s. a. 21834 2.8 %
Symbiochloris 14228 65.2 %
Thelebolus 2852 13.1 %
Trebouxia 4754 21.8 %

Moss 43220 5.6 %
Ceratodon 10446 24.2 %
Cynodontium 60 0.1 %
Dicranum 7665 17.7 %
Hylocomium 1513 3.5 %
Mesotus 550 1.3 %
Pleurozium 7734 17.9 %
Pohlia 4820 11.2 %
Polytrichum 6535 15.1 %
Pseudobryum 581 1.3 %
Sphagnum 3316 7.7 %

Sedge 2282 0.3 %
Carex 2281 100.0 %
Cyperus 1 <0.1 %

Heath 59495 7.7 %
Andromeda 17475 29.4 %
Calluna 1996 3.4 %
Empetrum 3635 6.1 %
Vaccinium 36389 61.2 %

Types are presented in bolded and frequency is shown in contrast to the whole data. Genera are

presented in italics and frequency is displayed within the type. Lichen s. a. is abbreviation of

lichen symbiont algae that is further discussed in section 6.

In fecal samples, the most prevalent types were forb and shrub with 42,1 %, deciduous

with 38,9 % and heath with 7,7 % frequencies. (Figure 2) . Of the forb and shrub type,

most sequence reads were identified as Chamaenerion and Trifolium with 129 296 and

119 508 sequence reads, respectively (Table 7). Frequencies inside the forb and shrub

type were 39.8 % and 36.7 % for Chamaenerion and Trifolium, respectively (Table 7).

Of the deciduous type, most sequence reads were identified as Betula with 252 279

sequence reads and a frequency of 83.9 % inside the deciduous type (Table 7). Of the

heath type, most sequence reads were identified as Vaccinium with 36 389 sequence reads
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and a frequency of 61.2 % (Table 7). The frequency of conifers was <0,1 % in the whole

fecal data (Table 7). Frequencies of Daucus and Cucumis were 1,2 % and 0,5 %,

respectively (Table 7).

Figure 2. Frequencies of sequence reads assigned to types in the entire fecal data. Conifer

type has a frequency of <0,1 %, but is shown as 0 % in the figure for technical reasons.
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5.2.2 Seasonally grouped data

Table 8. Numbers and frequencies of sequence reads identified as plant genera and

assigned to types in summer/autumn and winter groups.

Identification
No. of sequence

reads
Summer/
autumn

No. of sequence
reads Winter

Carrot 0 0.0 % 9370 6.4 %
Daucus 0 0.0 % 9370 100.0 %

Cereal 3181 0.5 % 0 0.0 %
Hordeum 3181 100.0 % 0 0.0 %

Conifer 184 <0.1 % 0 0.0 %
Picea 53 28.8 % 0 0.0 %
Pinus 131 71.2 % 0 0.0 %

Cucumber 324 0.1 % 3515 2.4 %
Cucumis 324 100.0 % 3515 2.4 %

Deciduous 293811 46.9 % 6734 4.6 %
Betula 249575 84.9 % 2704 40.2 %
Populus 722 0.2 % 740 0.3 %
Salix 43064 14.7 % 3290 1.1 %
Sorbus 450 0.2 % 0 0.0 %

Forb, shrub 302643 48.3 % 22620 15.4 %
Avenella 116 <0.1 % 0 0.0 %
Cerastium 0 0.0 % 9682 42.8 %
Chamaenerion 129296 42.7 % 0 0.0 %
Comarum 952 0.3 % 1854 8.2 %
Filipendula 0 0.0 % 3818 16.9 %
Melampyrum 5137 1.7 % 0 0.0 %
Menyanthes 23524 7.8 % 1118 4.9 %
Plantago 90 <0.1 % 0 0.0 %
Ranunculus 12707 4.2 % 6148 27.2 %
Rubus 11176 3.7 % 0 0.0 %
Scheuchzeria 137 <0.1 % 0 0.0 %
Trifolium 119508 39.5 % 0 0.0 %
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Table 8 continues.

Identification
No. of sequence

reads
Summer/
autumn

No. of sequence
reads Winter

Graminoid 3377 0.5 % 435 0.3 %
Deschampsia 0 0.0 % 435 100.0 %
Phelum 1079 32.0 % 0 0.0 %
Poa 2298 68.0 % 0 0.0 %

Lichen s. a. 685 0.1 % 21149 14.4 %
Symbiochloris 116 16.9 % 14112 66.7 %
Thelebolus 88 12.8 % 2764 13.1 %
Trebouxia 481 70.2 % 4273 20.2 %

Moss 17741 2.8 % 25479 17.4 %
Ceratodon 10446 58.9 % 0 0.0 %
Cynodontium 60 0.3 % 0 0.0 %
Dicranum 1018 5.7 % 6647 26.1 %
Hylocomium 169 1.0 % 1344 5.3 %
Mesotus 550 3.1 % 0 0.0 %
Pleurozium 1993 11.2 % 5741 22.5 %
Pohlia 1599 9.0 % 3221 12.6 %
Polytrichum 441 2.5 % 6094 23.9 %
Pseudobryum 575 3.2 % 6 <0.1 %
Sphagnum 890 5.0 % 2426 9.5 %

Sedge 35 <0.1 % 2247 1.5 %
Carex 34 97.1 % 2247 100.0 %
Cyperus 1 2.9 % 0 0.0 %

Heath 4334 0.7 % 55161 37.6 %
Andromeda 1 <0.1 % 17474 31.7 %
Calluna 0 0.0 % 1996 3.6 %
Empetrum 94 2.2 % 3541 6.4 %
Vaccinium 4239 97.8 % 32150 58.3 %

Types are presented in bolded and frequency is shown in contrast to the whole data. Genera are

presented in italics and frequency is displayed within the type. Lichen s. a. is abbreviation of

lichen symbiont algae that is further discussed in section 6.

In summer/autumn group the most prevalent type was forb and shrub. Its frequency in

summer/autumn and winter was 48,3 % and 15,4 %, respectively, with a difference of

32,9 % units between seasons (Figure 3). In the summer/autumn group the two most

prevalent genera of forbs and shrubs were Chamaenerion and Trifolium with frequencies

of 42,7 % and 39,5 % %, respectively (Table 8). In the winter group the most prevalent

forbs and shrubs were Cerastium, Ranunculus and Filipendula with frequencies of

42,8 %, 27,2 % and 16,9 %, respectively (Table 8).
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The heath type was most prevalent of all types in the winter group. The heath type had a

frequency of 37,6 % in the winter group and 0,7 % in the summer/autumn group resulting

in a difference of 36,9 % units between seasons (Figure 3). Most frequent genera of the

heath type in the winter group were Andromeda and Vaccinium with frequencies of

31,7 % and 58,3 %, respectively (Table 8). In the summer/autumn group Andromeda had

a frequency of <0,1 % and Vaccinium 97,8 % (Figure 8).

The frequency of deciduous type in the summer/autumn and winter was 46,9 % and

4,6 %, respectively with a difference of 42,3 % units between seasons (Figure 2). Most

frequent genus in both groups was Betula with sequence reads and frequencies of

249 575 and 84.9 % in summer/autumn and 2 704 and 40.2 % in winter.

Moss type in the summer/autumn and winter groups had frequencies of 2,8 % and

17,4 %, respectively with a difference of 14,5 % units between seasons (Figure 3). Lichen

symbiont algae type had a frequency of 14,4 % in the whole data and 0,1 % and 14,4 %

in the summer/autumn and winter groups, respectively (Table 8).

Figure 3. Seasonal frequencies of sequence reads and difference. Differences in the

frequency of sequence reads of a type in grouped data are as percentage units.  The

frequency of conifers in summer/autumn group was <0,1 % and is shown as 0 in the figure

for technical reasons.
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5.2.3 Locationally grouped data

Table 9. Numbers and frequencies of sequence reads identified as plant genera and

assigned to types in two sampling locations Kainuu and Suomenselkä.

Identification

No. of
sequence

reads Kainuu

No. of
sequence

reads Suomenselkä
Carrot 9370 2.0 % 0 0.0 %

Daucus 9370 100.0 % 0 0.0 %
Cereal 0 0.0 % 3181 1.0 %

Hordeum 0 0.0 % 3181 100.0 %
Conifer 0 0.0 % 184 0.1 %

Picea 0 0.0 % 53 28.8 %
Pinus 0 0.0 % 131 71.2 %

Cucumber 3515 0.8 % 324 0.1 %
Cucumis 3515 0.8 % 324 0.1 %

Deciduous 171453 37.0 % 129092 41.6 %
Betula 155830 90.9 % 96449 74.7 %
Populus 1462 0.5 % 0 0.0 %
Salix 14161 4.8 % 32193 11.0 %
Sorbus 0 0.0 % 450 0.2 %

Forb, shrub 168151 36.3 % 157112 50.7 %
Avenella 0 0.0 % 116 0.1 %
Cerastium 9682 5.8 % 0 0.0 %
Chamaenerion 4 <0.1 % 129292 82.3 %
Comarum 1854 1.1 % 952 0.6 %
Filipendula 3818 2.3 % 0 0.0 %
Melampyrum 0 0.0 % 5137 3.3 %
Menyanthes 14204 8.4 % 10438 6.6 %
Plantago 90 0.1 % 0 0.0 %
Ranunculus 18855 11.2 % 0 0.0 %
Rubus 0 0.0 % 11176 7.1 %
Scheuchzeria 137 0.1 % 0 0.0 %
Trifolium 119507 71.1 % 1 <0.1 %
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Table 9 continues.

Identification

No. of
sequence

reads Kainuu

No. of
sequence

reads Suomenselkä
Graminoid 3812 0.8 % 0 0.0 %

Deschampsia 435 11.4 % 0 0.0 %
Phelum 1079 28.3 % 0 0.0 %
Poa 2298 60.3 % 0 0.0 %

Lichen s. a. 21149 4.6 % 685 0.2 %
Symbiochloris 14112 66.7 % 116 16.9 %
Thelebolus 2764 13.1 % 88 12.8 %
Trebouxia 4273 20.2 % 481 70.2 %

Moss 28004 6.1 % 15216 4.9 %
Ceratodon 0 0.0 % 10446 68.7 %
Cynodontium 0 0.0 % 60 0.4 %
Dicranum 6719 24.0 % 946 6.2 %
Hylocomium 1351 4.8 % 162 1.1 %
Mesotus 0 0.0 % 550 3.6 %
Pleurozium 6460 23.1 % 1274 8.4 %
Pohlia 4377 15.6 % 443 2.9 %
Polytrichum 6206 22.2 % 329 2.2 %
Pseudobryum 6 <0.1 % 575 3.8 %
Sphagnum 2885 10.3 % 431 2.8 %

Sedge 2248 0.5 % 34 0.0 %
Carex 2247 100.0 % 34 100.0 %
Cyperus 1 <0.1 % 0 0.0 %

Heath 55162 11.9 % 4333 1.4 %
Andromeda 17475 31.7 % 0 0.0 %
Calluna 1996 3.6 % 0 0.0 %
Empetrum 3541 6.4 % 94 2.2 %
Vaccinium 32150 58.3 % 4239 97.8 %

Types are presented in bolded and frequency is shown in contrast to the whole data. Genera are

presented in italics and frequency is displayed within the type. Lichen s. a. is abbreviation of

lichen symbiont algae that is further discussed in section 6.

Cereal and conifer types were only found in Suomenselkä. The frequency of conifers was

0,1 % in Suomenselkä (Table 9). Cucumis was found in both Kainuu and Suomenselkä

groups with frequencies of 0,8 % and 0,1 %, respectively (Figure 4). Daucus was only

found in the Kainuu group with a frequency of 2,0 %. Graminoid type genera were found

only in the Kainuu group and in total the graminoid type counted for 3812 of the sequence

reads in the Kainuu group.
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The biggest difference between the two locations was in forb and shrub type where the

frequencies were 36,3 % and 50,7 % for Kainuu and Suomenselkä, respectively. The

difference was 14,3 % units (Figure 4).  Most common was the deciduous type in both

locations with frequencies of 37,9 % and 41,6 % for Kainuu and Suomenselkä,

respectively (Figure 4).

Heath type had a difference of 10,5 % units between Kainuu and Suomenselkä groups,

frequency in Kainuu was 11,9 % and in Suomenselkä 1,4 % (Figure 4). Most common

heath genera found were Andromeda and Vaccinium, but Andromeda was absent from

the Suomenselkä group. Almost all sequence reads identified as Andromeda originated

from one sample from Kainuu, number 11 (Table 5).

Figure 4. Locational frequencies of sequence reads and differences show how

observations of different plant categories vary between seasons. Differences in the

frequency of sequence reads of a type in grouped data are as percentage units.
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6 DISCUSSION

Many of the types of genera seem to have a large variation between groups, especially in

the data grouped by season. For this reason, the frequencies calculated from total data

may not depict the wild diet as well as the grouped data.

Digestibility of plant matter varies immensely across taxa. For this reason, the frequencies

are indicative at best and individual digestibility of identified genera should always be

considered when interpreting the results of DNA metabarcoding in a diet study.

According to Buglione et al. (2018), the DNA metabarcoding technique in diet study

provides information that is reliable, qualitative and semi-quantitative in nature. Kress et

al. (2015) point out, that DNA barcoding is not always as effective as one would hope.

Animals are more easily identified with DNA barcodes than plants and fungi and

problems in identification are more prominent in taxonomic evaluation and in plants that

have low rate of nucleotide substitution in the target sequences (Kress et al. 2015).

6.1 Seasonal differences

The diet of freely grazing Rangiferi has a great seasonal variation. Along with the

variability in the diet and its chemical composition comes a variation in the nutrient and

energy availability and intake, to which the reindeer have adapted (Nieminen and Heiskari

1989, Ophof et al. 2013). Many subspecies of reindeer that inhabit tundra and barren-

ground areas are reported to migrate hundreds of kilometers to meet nutritional needs.

Forest and woodland ecotype subspecies are reported to be more sedentary, but they also

migrate between summer and winter feeding grounds (Åhman and White 2018).

Forbs and shrubs seem to be important summer food items for the wild forest reindeer

and other Rangifer based on the results of this and previous studies (Nieminen and

Heiskari 1989, Ophof et al. 2013, Åhman and White 2018). The most prevalent forb in

this study, Chamanerion, is known commonly as milk-thistle which is described to be

palatable to captive forest reindeer (DVM Sanna Sainmaa, personal correspondence). The

second most prevalent forb, Trifolium, is known commonly as clovers. Importance of

other forbs and shrubs than milk-thistle and clover in the summer/autumn diet may be

underestimated due to the sampling dates. There were no samples from June or July,
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which are the months of most intense growth of plant biomass at the sampling locations

of Kainuu and Suomenselkä. If samples had been taken in June and July also, there might

have been other forbs and shrubs that emerge later in the early summer.

In the winter group the most prevalent type was heath, and of that group the most

prevalent genus was Andromeda. Andromeda is known to have relatively low digestibility

of 47 % of dry matter in vitro, which may explain some of the frequency of heaths in the

winter group and of that particular genus (Thomas and Kroeger 1981).

Rangifer is known to eat mostly leaves from deciduous trees (Nieminen and Heiskari

1989), which explains the difference in the frequency of deciduous type between seasons

since fresh leaves would not be available during winter. Rangifer are known to eat dead

and dry leaves of deciduous trees during winter, but the availability is limited (Åhman

and White 2018). In both seasons the most prevalent genus was Betula with Salix coming

second (Table 8).

Mosses have a low dry matter digestibility ranging between 3,4 % and 35,4 %, depending

on species (Thomas and Kroeger 1980, Person et al. 1980, Thomas and Kroeger 1981).

Mosses have a low nutritional value for Rangifer and are less palatable than other food

items found in wild diets (Danell et al. 1994, Ophof et al. 2013). Because of the low

palatability, nutritional value and DM digestibility it is possible that the moss sequence

reads found in the summer/autumn groups samples are from small amounts that were

eaten simultaneously with other food items or from environmental contamination since

the samples were collected from the ground. In the winter group the moss sequence reads

are more likely from food that has passed through the digestive tract. Mosses could have

been eaten concurrently when the wild forest reindeer cratered for lichen and on purpose

since Rangifer may experience malnutrition and famine during snow cover (Soveri et al.

1992, Åhman and White 2018). The environmental contamination of moss is less likely

during snow cover when the samples were collected from snow surface.

Lichens are hard to identify with this method because they are composite organisms of

fungi with algae or cyanobacteria that both have individual DNA. They are well digested

which may lead to fecal residue to underestimate the frequency of lichens in the diet

consumed (Person et al. 1980, Thomas and Kroeger 1980, Thomas and Kroeger 1981).

Lichen symbiont algae type had a significantly higher frequency in the winter group than



31

in the summer/autumn group. This is in line with the previous knowledge of Rangifer

feeding on lichen primarily during snow coverage (Åhman and White 2018) and suggests

that this study has succeeded in describing the lichen content of the diet to at least some

degree.

Most frequent sequence reads in the summer/autumn group were in forb and shrub type

and in deciduous type. This is in line with previous studies of other Rangifer subspecies

diets. Graminoid type had a small frequency in both grouped and in the entire data. This

conflicts with previous studies of other subspecies that state graminoids as important food

items for Rangifer (Bergerud 1972, Boertje 1984, Nieminen and Heiskari 1989, Johnstone

et al. 2002).

6.2 Locational differences

The samples were unevenly distributed between the two different locations, Suomenselkä

having only 5 samples and Kainuu having 12 samples. This makes the frequency data

more susceptible to large variations stemming from just one sample in the Suomenselkä

group.

Cereal type genera were only identified in the Suomenselkä group. Hordeum, commonly

known as barley, was the only genus of cereal type identified. It was found only in

reintroduction enclosure samples, numbers 8 and 9 (Table 5), and most likely originates

form pelleted commercial feed Poro-elo. This explains the differences in the cereal types

frequency between the two locations and indicates that the wild individuals did not visit

crop fields in proximity of the sampling time.

Trace amounts of sequence reads identified as Cucumis, commonly known as cucumbers,

and Daucus, commonly known as carrots, were found in the data. In Suomenselkä the

Cucumis was only identified from samples taken from the reintroduction enclosure, which

implies that the animals may have been fed with cucumbers by the keepers. In Kainuu the

sample that had Cucumis and Daucus present was collected during snow cover (number

12, table 5). In Kainuu the animals are not subjected to additional feeding, but other

possible sources of cucumbers and carrots could be open composts of households or game

feeding spots. This implies that the wild forest reindeer are opportunistic feeders during

snow coverage, which is in line with previous studies of Rangifer winter diets (Danell et

al. 1994, Storeheier et al. 2002a, Storeheier et al. 2003).
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Graminoids were only consumed in Kainuu, but not in a substantial amount. This conflicts

with previous studies that list graminoids as important food items for Rangifer (Bergerud

1972, Boertje 1984, Nieminen and Heiskari 1989, Johnstone et al. 2002).

6.3 Differences between captive and wild diets

Comparison between captive diets and wild diets is not straight forward, as the captive

diets were coded to presence/absence data from written documents instead of fecal

sampling and analysis. Many of the feeding guidelines obtained were vague in describing

the diets offered. Written documents are not a guarantee of what the animals eat but rather

a depiction of the diet that is offered.

Almost a quarter of the zoos that participated in the study stated in their feeding guideline

that they offer conifers to animals at least sometimes. Conifers do not seem to be an

important food item in the wild according to this or previous studies (Danell et al. 1994,

Åhman and White 2018). Whether or not the captive animals eat the offered conifers was

not stated in any of the feeding guidelines. Sometimes conifers can be offered as a

platform of arboreal lichens, in which case the arboreal lichen is the food item, not the

conifer.

Nearly all 17 feeding guidelines included fresh browse in the form of deciduous trees.

This is similar to the results from the fecal samples, where the deciduous type was the

second most frequent type in the summer/autumn group and in the entire data, forb and

shrub type being the most prevalent in both. Many zoos might be replacing the forbs and

shrubs of the natural diet with deciduous tree branches, which might be more easily

available and are less labor intensive to harvest. This could indicate that captive forest

reindeer diets could be further enriched with forbs during summer. Milk-thistle and

clovers, being the most prevalent genera identified in this study, could be good addition

to captive diets.
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In the fecal samples the frequency of graminoid type was very low, no matter how the

data was grouped, but almost all feeding guidelines had graminoids as a staple food item

and usually offered ad libitum. This implies that there is a significant difference in captive

diet and wild diet compositions. Rangifer have trouble utilizing roughage and use leaf-

rich forages better (Aagnes and Mathiesen 1996). Grass belly is a term used by reindeer

herders to describe a state where rumen function fails, and undigested long fiber plant

mass accumulates in the rumen. The undigestible plant matter does not provide energy to

the animal leading to emaciation even if the rumen is completely full (Åhman et al. 2018).

Rapidly increasing body mass in animals fed with hay or silage can actually be a sign of

rumen cellulolysis failing and formation of grass belly (Olsen et al. 1995).

The vegetable traces found in the fecal samples most likely originated from either the

keepers at the reintroduction enclosure, human wastes, or game feeding spots in Kainuu.

They did not form a substantial part of the diet in any location or season. Over half of the

participated zoos reported to feed vegetables and fruits. Especially in the case of fruits

the nutrient composition and amount of sugar does not correlate with the composition of

important food items identified in this or previous studies (Kreula et al. 1976, Nieminen

and Heiskari 1989, Danell et al. 1994, Mathiesen et al. 2000, Podterob 2008, Oldeboer

and Ophof 2011, Ophof et al. 2013).

6.4 Further considerations

The small sample size and lack of samples from captive animals are the factors most

affecting the reliability of the results. The results can be viewed as indicative at best, but

they are one of the first attempts to describe the diet of wild forest reindeer in Finland.

More research is needed on the diets with larger sample sizes to obtain more reliable data

of the diet and make statistical analyzing possible. The animals in European zoos could

be sampled to obtain fecal samples to determine what they eat in captivity and to have

more comparable datasets for captive and wild diets.
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7 CONCLUSIONS

Wild forest reindeer diet seems to have distinct seasonal variation, which implies that the

hypothesis was correct. Largest differences were in the deciduous, heath, forb and shrub,

and lichen symbiont algae type genera between two different seasons. Differences

between Kainuu and Suomenselkä location were less prominent. Differences can be seen

in forb and shrub and heath types between the locations. The differences between wild

and captive diets can also be seen, but they are less proportionate because of the difference

in data types and the fact that feeding guidelines do not depict the diet that the animals

eat, it states what is offered to the animals. Captive diets could be advanced with

decreasing the graminoids in the diet and increasing forbs and shrubs.
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