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1. Biodiversity 

 

What is biodiversity? 

Biodiversity means biological diversity, the diversity of life – for example, how many species of animals, plants 

and other organisms are living in a certain area. There are many ways to measure biodiversity, the number 

of species being the most common and one of the simplest ones. Other examples are the diversity of habitats 

in an area and the genetic diversity in a population. Generally, biodiversity is highest at the equator and 

decreases towards the poles. Armenia is geographically very diverse and this means that biodiversity is also 

high. There are many species that are endemic to either Armenia or the Caucasus – that is, they don’t exist 

anywhere else in the world. 

 

Why is biodiversity important?  

Biodiversity provides us with so-called ecosystem services: 

- Clean water and air 

- Hunting, fishing and foraging 

- Forestry 

- Fertile soil for agriculture 

- Pollination of plants 

- Recreational activities 

- Prevention of allergies and autoimmune diseases 

- Potential for new medicine and other innovations 

- Resilience to climate change and catastrophic events 

- etc. etc. 

 

As a metaphor, losing biodiversity is like a plane losing bolts. Your plane might still stay in the air if a few bolts 

fall off, but if you keep losing parts, you will fall down sooner or later. In the same way, losing a few species 

from our environment might be seemingly insignificant to us, but as more and more species disappear, we 

start to experience the negative consequences. 

 

Examples of how biodiversity affects lives of people: 

- In very intensively cultivated agricultural soil, the diversity of the natural community of micro-

organisms decreases. A consequence of this is disrupted nutrient cycle resulting in worsening crop 

growth. Pollinators of food crops suffer and pollination rate decreases in agricultural areas where 

the majority of uncultivated, natural areas are destroyed and used for something else. 

- Diseases spread more easily in communities of low biodiversity. 

- A child who grows up in an environment of low biodiversity is generally more likely to suffer from 

allergies and autoimmune diseases than a child growing up in a biologically diverse environment. 

- In environments of low biodiversity, the occurrence of depression is higher among people than in 

areas of higher biodiversity. High biodiversity and the existence of natural areas within urban areas 

promotes mental and physical health. 

 

At the moment, biodiversity is rapidly decreasing all over Earth because of human activity. The most common 

reason for species becoming rare and extinct is that their habitats become degraded or destroyed. Other 

common reasons are pollutants, unsustainable hunting/fishing and invasive alien species. The effects of 

climate change are already widely detected in nature, and its influence is increasing by the day. 
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2. Monitoring of biodiversity 

2.1. Monitoring: What and why? 

 

What is monitoring? 

Monitoring is “to watch and check a situation carefully for a period of time in order to discover something 

about it”. In this case, monitoring is used to discover changes in the abundances of different species. The 

monitoring data is then used to assess the status of the species and the environment as a whole, and to make 

decisions about management. 

 

Systematic vs. random observation 

Observations can be divided into systematic and random 

observations. Monitoring is systematic. It means that 

observing is carried out with the same method, effort and 

timing every time. For example, a monitoring route is walked 

at the same pace and route once per year, at approximately 

the same time of the year every time. If the original observer 

stops monitoring the route, another observer can usually take 

over if the method stays the same. Basically, systematic 

monitoring isn’t necessarily complicated; the essential thing 

is to do everything always the same way. This also applies to 

cases where the same method of monitoring is used in 

multiple different areas: if we know the monitoring effort, we 

can compare the results from different areas. The monitoring 

effort can be, for example, kilometers walked per hour, 

surface area covered in certain time, sampling devices and 

sampling duration per area, time spent observing in one spot, 

and so on. 

 

Why monitor? 

It is very easy to get a biased idea of a situation without monitoring. If we don’t have proper information 

about a species, our estimate about how the species is doing can be rough at best and completely wrong at 

worst. For example, if the abundance of a species happens to stay stable in a few places with a lot of 

occasional observers but decreases in other areas without observers, the perceived image of the situation 

might be completely wrong. We can detect a very drastic change in the species community (e.g. the 

disappearance of a formerly very common species, or turning a forest into a clear-cut area), but more subtle 

changes are not possible to detect reliably without monitoring. The problem here is that even the subtle 

changes can tell us a lot about what is happening in the environment. 

 

Random observations don’t generally produce data that are easy to compare across years. Systematic 

monitoring produces such data. Random data is not useless either; it can be used to map the distribution of 

a species, or its presence at a certain site. However, the number of random observations tend to be biased 

towards “charismatic” species (e.g. rarities, visually striking or large species). 

 

If many features of the environment are monitored, monitoring may also produce data about the reasons of 

population decline/increase of a species. 

 

Monitoring and management 
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It is impossible to make informed management decisions without reliable information about the target 

species or habitats, obtained through systematic monitoring. It will be unclear whether or not to start 

management, and what management actions are necessary. In addition to having no desired effect on the 

target species/habitat, uninformed management decisions also cost money that could be used in a more 

effective way.  

 

A critical part of a well-functioning environmental monitoring and management system is a national, 

centralized biodiversity database. A centralized database allows for easy access to all data to a) see what kind 

of data are lacking and to b) compile data in order to e.g. make status reports and management decisions. 

Such a database is yet to be established in Armenia. Until a database is established, one opportunity to gather 

biodiversity data would be for PA staff to include biodiversity information in the activity reports they make 

every half a year. At the moment, the half-yearly reports don't include information about biodiversity. 

 

Examples of monitoring, its results and possible consequent management in Finland 

 

Saving a species from extinction:  

The Lesser-white-fronted goose used to be the most abundant breeding goose species in Fennoscandia in 

the beginning of the 20th century. The number of breeding pairs is estimated to have been about 10 000. 

Because of excessive hunting (and some other reasons, such as habitat destruction), the numbers declined, 

and by the end of the century, only a few tens of breeding pairs remained. As a result of strong international 

conservation efforts that were started about 30 years ago, the species is slowly increasing again. 

 

Bear hunting:  

Brown bear numbers are monitored in Finland, and the yearly number of bear hunting permits is based on 

the current number of bears. This is done so that the hunting is sustainable and doesn’t deplete the bear 

population. 

 

Wetland restoration:  

Monitoring has shown that many species of waterfowl have been declining in Finland. Many reasons have 

been identified (eutrophication of waters, alien predators, hunting) but the relative significance of each 

factor is not clear. Management measures have been started. Now, data is being collected not only about 

how the management as a whole succeeds in helping the target species, but also about how effective each 

of these management methods are in turning the negative population trends. In the future, the funding 

directed at management measures can be focused even better into the activities that are most effective. 

 

Inter-species relationship:  

The Whooper swan became almost extinct in Finland because of excessive hunting in the 1900s. As a result 

of a ban on hunting of this species, it has recovered very well and the number of breeding pairs is now about 

10 000. It has been suggested that the increasing Whooper swan has a negative influence (through 

aggression) on the Taiga bean goose in breeding areas. Both species are native to Finland. Monitoring data 

showed a positive correlation between the presence of swan and other waterfowl, no negative correlation 

between presence of swan and geese. 

 

Increasing predation pressure: 

The white-tailed eagle became almost extinct because of persecution and pollution (DDT) in the latter half 

of the 1900s. The species was protected by law and management measures (banning DDT, feeding the eagles 

with pollution-free meat) were started. Eagle numbers increased and in the status assessment published in 

2019, it was classified as Least Concern. The common eider, a prey species of the white-tailed eagle, had 

benefited from the disappearance of the eagle and even its time of breeding shifted to a timing that was not 
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possible when predation by eagles was present. Now, the eider is experiencing increasing predation by eagles 

again. At the same time, alien predators (American mink, raccoon dog) have spread to Finland with success 

and pose a completely new threat to the eider. In recent years, the eider has been decreasing rapidly and 

was classified as Endangered in 2019. The reasons are increased hunting by eagles and the additional hunting 

by alien predators, and a number of other reasons that are not known as well. 

 

2.2. Threatened species – Red List 

The status of a species can only be assessed if there is enough systematic observation data. An international 

method to assess the status of species, developed by IUCN, has been adopted in Armenia. The method uses 

observation data to assess the risk of a species to go extinct within a certain time in a certain area. If too little 

systematic observation data is available, the species is classified as Data Deficient. In this way, the assessment 

avoids including personal, subjective opinions and ideas. 

IUCN Categories:  

Least Concern (LC)  

Near threatened (NT)  

Vulnerable (VU) Threatened 

Endangered (EN) Threatened 

Critically endangered (CR) Threatened 

Extinct (EX)  

Data deficient (DD)  

 

3. Indicator species 

3.1. Indicators: what and why 

The word “indicator” has its origin in the Latin word indicare, which means “to point out, point to; to show, 

to mean, to signpost, to mark”. Thus, an indicator points out change in a quality of the environment that is 

too difficult, time-consuming or costly to measure otherwise. In other words, an indicator species can be 

used to assess some kind of feature of its habitat. “Indicandum” refers to the feature the indicator detects 

change in. An indicandum can be e.g. biodiversity, concentration of pollutants, management intensity, 

groundwater level, soil acidity, temperature, forest type, or something else. 

 

Indicandum & indicator examples: 

- Certain pollutants, drugs and heavy metals: Top predators, carrion eaters (e.g. vultures and eagles) 

- Intensification of agriculture: Meadow birds (e.g. buntings, partridges, shorebirds that breed in 

agricultural areas) 

- Forestry regime (amount of large dead/dying wood): Cavity breeders 

- Water eutrophication & species community change: Fish species 

 

There are many methods and guidelines for selecting indicators. An indicator needs to be sensitive enough 

to detect change (in other words, its habitat requirements need to be strict). On the other hand, it has to be 

numerous and common whenever the conditions are right for it. Regardless of what kind of indicator is 

chosen, indicators must always be used cautiously and with attention to their limitations. Sufficient 

knowledge about the indicator and the indicandum, and their ecological relationship, is essential. The validity 

of the indicator should be verified scientifically. Thus, finding a useful indicator is not often easy, since 

sufficient research pointing out the reliability of the suggested indicator may not exist. 
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Some basic necessary characteristics of an indicator species are high sensitivity, reliability, cost-effectiveness, 

and probability of monitoring. The ecology of the species should be well known. The abundance of the species 

should adequately reflect the aspects of biodiversity that are of interest. Threatened or rare species are not 

necessarily the same as indicator species. Some threatened or rare species can be useful as indicators but 

not all of them – it all depends on the target. 

 

Table 1. Features of a good biodiversity indicator (After Auvinen & Toivonen 2006 and references therein). 

Feature Explanation 

Comprehensive Includes a sufficiently large group of species and/or a sufficiently large geographical 

area. 

Current Is updated regularly (for example yearly). 

Simplifies information Summarizes a complex phenomenon into a simple form, possibly even into one 

number. 

Clear Is graphically clear and grabs attention. 

Quantitative and statistically 

comprehensive 

Exact measurements/estimates and error margins. 

Relatively independent of 

sample size 

Useful data can be gained with a small sample size. 

Sensitive to change The measured variables are more sensitive than their environment; “early warning”. 

Realistic implementation Is based on existing monitoring schemes and the implementation is not too 

expensive. 

Expressive, possible to 

generalize 

Expresses change in a larger system. 

User-driven Takes the users’ information needs into account. 

Normative Is linked to goals and enables the evaluation of how the goals are met. 

Connection to policy Describes a change that can be affected by means of policy. 

Insensitive to natural 

change 

Describes primarily human-induced changes. 

Explainable The meaning of the described change must be explainable by means of theory or 

correlations and empirical research. 

Predictable development The development can be linked with socio-economical models that predict the 

future. 

Comparable Enables comparison between e.g. countries. 

Can be merged (by region) The information can be merged and divided in different levels (e.g. country, 

province, altitudinal zone, habitat). 

 

 

Before using an indicator, it is important to identify the target for using an indicator in the first place. What 

is the exact characteristic of the environment that you want to know more about and why? Is the target e.g. 

the decision when to start management measures as a result of observed habitat degradation (change in 

time) or the definition of different habitat types (change in space)? 

 

When using an indicator, be careful not to mix means and ends. For example, “means” could be the 

management of a certain set of conservation areas, and “ends” (the fundamental goal) could be the certain 

level of positive effect of this activity on biodiversity. We can’t consider the management as “ends” because 

it doesn’t really tell us anything about the effect of management on biodiversity. 
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In Armenia, indicator species have been identified among birds by BirdLinks team (Karen Aghababyan). The 

information on forest indicators has been published, and the publications on species in other habitats are in 

progress. The targets of the forest indicator species in this case are early detection and enhancing forest 

resilience and adaptation to climate change impacts. 

 

3.2. Indicator species in Finland and Armenia 

 

3.2.1. Finland 
 

Many species are used to indicate different qualities of forests in Finland. Some examples of indicators of 

old forest and what they indicate:  

- Many species of polypores and beetles: continuum of existence of decaying wood 

- Three-toed woodpecker & black woodpecker: large old trees 

- Willow tit & crested tit: standing decaying wood 

- Siberian flying squirrel: large old trees and diversity in the tree species community 

 

3.2.2. Armenia 
 

Indicator species for the quality of natural forest (general state of a forest disturbance) have been identified 

among birds also in Armenia. Research aiming at finding indicator species in other environments is being 

carried out. Armenian forest indicator species: 

- Coal tit 

- Eurasian nuthatch 

- Song thrush 

- Greenish warbler 

- Semi-collared flycatcher 

- A few other species also provide information about the availability of forest components (such as 

scrub layer, dead and hollow trees, tall trees, etc.): 

o Tawny owl 

o Black Woodpecker 

o Green Woodpecker 

o Eurasian robin 

o Red-breasted Flycatcher 

For more information on forest indicator species in Armenia, see report “Analysis of forest pests and 

pestholes exacerbated by climate change and climate variability in Syunik Marz of Armenia and to 

identification of the most applicable prevention measures” by Aghababyan et al. 2010. 

 

4. Methods for monitoring 

How to choose the method? Factors to consider: 

- Species in focus 

o Is the study subject all species in an area or only one? What is the most suitable method for 

the species? 

- Aim of the project 



10 
 

o Is the goal for example to find out which species occur in the area overall, or what the 

condition of a forest is (🡪 use of indicator species)? 

- Terrain/vegetation 

o Not all methods are useful everywhere. 

- Skills of the observer 

o Some methods are easy and beginners can do them, while some are more advanced and 

only experienced experts should carry them out. 

- Available funds, time, equipment 

 

4.1. Birds 

Why monitor birds? 

Birds are relatively easy to observe and good field guides are available also for Armenian species. There are 

a lot of hobbyist and professional ornithologists, compared to the number of experts of other groups of 

organisms. Birds are also very diverse and different human activities affect birds in many ways, depending 

on the species. This is why some species can also be used as indicators. 

 

Weather 

The weather during counting should be good: no strong wind or rain. Especially windy weather makes it 

difficult to observe vocalizing birds. Very light or occasional rain is not a problem. Extreme temperatures 

affect the singing intensity and timing of birds: on very cold mornings, birds tend to start singing and continue 

singing later than usually; on very warm mornings they are active earlier and the active time may be shorter 

than usually. 

 

Bird identification and monitoring method resources online: 

- A website of BirdLinks NGO, Armenian Bird Census: https://armenian-bird-census.weebly.com/ (in 

English; a new version of the website is underway) 

o BirdLinks provides training in identification and monitoring methods of birds. The following 

courses are available (2022): 

1. Bird Identification Trainings  

1.1. Woodland birds 

1.2. Semi-desert birds 

1.3. Grassland birds 

1.4. Waterbirds 

1.5. Game birds & Hunting law (preparation to hunting exam) 

1.6. Indicator bird species 

2. Bird Counting Trainings  

2.1. Transect count 

2.2. Point count 

2.3. Count of occupied nests 

- Online field guide to birds of Armenia: https://www.acopiancenter.am/field-guide-boa-armenian-

names.asp 

- Bird songs and calls: https://xeno-canto.org/ (not available in Armenian; available in English and 

Russian) 

- Facebook: Armenian Ornithological Society 

 

https://armenian-bird-census.weebly.com/
https://xeno-canto.org/
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4.1.1. Methods 

 

Point count 

During a point count, the observer stays in one spot and records birds around them. In Armenia, point counts 

are mainly used for waterfowl (see section “waterfowl count”) but they can be used for terrestrial species as 

well. 

The observation time in each point is 15 min. The distance between points is usually at least 800 m, ideally 1 

km. Birds within a range of 400 m (300-500 m) from the observer are recorded. The distance can be measured 

by using a rangefinder. 

Point counts are carried out from late April till early June. Most birds are most active early in the morning, so 

usually a point count is done in the morning from 6:00 till 10:00. Sometimes, additional counts are done in 

the evening at 21:00-00.00.  

Data collected during a point count:  

- number of individuals observed or heard 

- observation date 

- geographical coordinates of the beginning and end of the route 

- type of habitat (semi-desert, juniper woodland, mountain steppe, lower subalpine zone, 

semiurban) 

o Results can be extrapolated to larger areas based on the recorded habitats 

- start and end times of the count 

- individual-specific breeding codes 

o Breeding codes according to EBBA2 (European Breeding Bird Atlas), see Table x 

- observer name and contact details 

 

Table. Breeding codes according to EBBA2. 
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Transect line 

During a transect line count, the observer records birds while walking along a route. 

Counting is carried out during a fixed period of 1 or 2 hours, when an observer slowly walks along a transect 

route counting all the birds within 100 m on either side of the transect (hence in a strip 200 m wide). Birds 

observed outside the strip are usually not recorded (if nothing extraordinary is observed). The distance from 

the observer can be measured by a rangefinder. A suitable length for a route is 1-2 km. 

Transect line counts are done from late April till early June, at 6:00-10:00 in the morning. 

Data collected during a transect line count:  

- number of individuals observed or heard 

- observation date 

- geographical coordinates of the beginning and end of the route 

- type of habitat (semi-desert, juniper woodland, mountain steppe, lower subalpine zone, 

semiurban) 

o Results can be extrapolated to larger areas based on the recorded habitats 

- start and end times of the count 

- individual-specific breeding codes 

o Breeding codes according to EBBA2 (European Breeding Bird Atlas), see Table x 

- observer name and contact details 

 

Waterfowl count 
 

The focus of a waterfowl count is, as the name suggests, waterfowl but also other birds associated with 

water, such as gulls, herons and waders. 

A waterfowl count is carried out by observing from one or a few points on the shore. The observer(s) counts 
all birds within a range of 400 m (300– 500 m) from them and angle of view (usually close to 180°) during a 
fixed 30 min period. The distance from the observer can be measured by a rangefinder. 

Waterfowl counts are carried out from early April till early June, at 7:00-11:00 in the morning. Multiple visits 

per spring may be needed to cover all species because of differences in the timing of breeding. 

Data collected during a waterfowl count:  

- The number of birds present and their sex 

- observation date 

- geographical coordinates of the observation point 

- radius and angle of the count 

- type of habitat 

- start and end times of the count 

- individual-specific breeding codes 

o Breeding codes according to EBBA2 (European Breeding Bird Atlas), see Table x 

- observer name and contact details 

 

Raptor nests 
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The method for finding territories and nests of hawks, eagles, vultures, falcons and owls is active searching. 

Species-specific nest searching techniques have been developed for e.g. bearded vulture, eagle owl and 

cinereous vulture (Karen Aghababyan). 

General timing and objectives of searching activities: 

- Before egg-laying: Display flights and calls  

🡪 Find territories 

- Incubation/nestling period: Food carrying, alarm calls, signs of eggs/chicks around the nest 

(eggshells, faeces, feathers, pellets, prey remains, begging calls)  

🡪 Pinpoint nest locations 

- Fledgling period 

🡪 Find territories, confirm breeding in the area 

- Non-breeding season: Find inactive nests visually. Birds of prey often use the same nests for many 

years, so an inactive nest is potentially a valuable find, too. 

 

Other methods 
 

The aim of mapping count is to find all territories of birds withing a specified area (absolute count). It is very 

labour-intensive, thus best suitable for relatively small and clearly defined areas. Ideally, multiple visits per 

site per spring are carried out, and one territory map of the observed birds is drawn per each visit. A final 

territory map is drawn by combining all the information gained during all visits in that year. 

Specific surveys can be carried out for species that are not sufficiently covered by other methods. Species in 

this category are e.g. colonial species, such as bee-eaters, or very rare species. 

Ringing means marking individual birds with a metal or plastic leg ring (or occasionally another kind of 

marking method, e.g. satellite transmitters). It may provide information that is difficult to obtain otherwise, 

e.g. the yearly breeding success of passerines. Different ringing schemes serve different purposes, for 

example: 

- Constant Effort Sites (CES) – data about breeding birds in a specific area 

- Bird observatories – migration 

- Ringing chicks and their parents at nest sites – data about individual nests and broods 

Citizen science campaigns can provide a lot of information and be successful in engaging the public with 

nature in a positive way. In Armenia, breeding and distribution of white storks, as well as their exposure to 

pollution, have been successfully studied by means of citizen science. 

 

4.2. Invertebrates 

 

Butterfly monitoring is being carried out in Armenia. The method used in these surveys is transect line. More 
information is available on the website of Butterfly Conservation Armenia: https://www.butterfly-
conservation-armenia.org/ 

 

Efficient inventory and monitoring of invertebrates usually requires several different sampling methods. 
Common methods: 

- Active searching (usually with insect net, pond net, or sweeping net and camera): all taxonomic 

groups 
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- Sieving methods: Molluscs, Pseudoscorpions and Insects 

- Window traps: Insects, mainly beetles 

- Pitfall traps: Molluscs, Pseudoscorpions and Insects 

- Tape traps: Pseudoscorpions and Insects 

- Folio traps: Molluscs, Pseudoscorpions and Insects, mainly beetles 

- Light traps: Insects, mainly moths and some beetle species 

- Odour traps: Insects, mainly butterflies and moths 

The following data should be taken or assessed for each species:  

- Place (site code, if available) 

- Coordinates of the place 

- Date or date period of observation(s) 

- Unit for observation (individual, colony, number of calling / singing males, or something else) 

- Method of sampling 

- Information on habitat type and habitat quality for the species 

- Observations on possible management requirements, potential threats or pressures 

 

The effort required for the inventories and monitoring (traps and other sampling effort and seasonal 

allocation, for example) and allocation of resources (time for active searching) depend on the size of study 

area and diversity of habitat types inside the area. Only an experienced expert can estimate the reasonable 

volume of activities for each area. During the first inventory in the area it is still possible to adjust the volumes 

of using different method. The first inventory round is an important possibility to test which methods work 

best and which volumes are reasonable. Later in the monitoring of areas the volume should be kept close to 

same to allow the comparison of results between years.  

 

When comparing the results between years, differences may appear due to several reasons. Weather 

conditions, for example, strongly affect the trapping results of invertebrates. Differences between two years 

are not necessarily in relation with the changes in the environment or populations of different species. Only 

long time series provide better overview of impacts of changes in the environment. Fully understanding the 

real impacts of different factors requires statistical analyses of the data.   

 

4.2.1. Active searching 

Efficient active searching requires regular visits of experts in the area during the whole season. Some species 

are active only short period (many butterflies, moths and dragonflies, for example) whereas some long living 

species and species with several generations per year can be observed during rather long period.  

 

Fieldwork can be effectively carried out only if the personnel are well trained for the identification and 

ecology of the species under inventories or monitoring. In the best case, one person can carry out inventories 

of several taxonomic groups at the same time. 
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Fig. 1. Active searching is an effective way to collect 

observations from different taxonomic groups. Effective working, however, should be done by an expert who 

has wide knowledge on the ecology of large number of species. Best experts can carry out inventory and 

monitoring of several taxonomic groups at the same time. An expert (Olli Pihlajamaa) in the photo is using 

different types of equipment in the field including sweeping net and pond net. Also camera is available all the 

time. Usually camera with GPS options is very useful tool for the documentation of the observations in the 

field. Parts of the vertebrate fauna (mainly herpetofauna and some mammal species) can be monitored at 

the same time with invertebrate monitoring.   

 

 

4.2.2. Monitoring protocol for species living or overwintering in hollow trees or other 
decomposing material: Sieving 

During fieldwork, an expert can collect sieving material from around 8-15 sites per day. If the sieving samples 

are taken in winter, animals do not activate easily in the sample and they are usually difficult to observe. For 

this reason, it is good to take the sample from the sieving box and put it inside a fabric bag. Fabric bags need 

to be dense enough to keep all animals inside. Plastic bags are not as useful as fabric bags as they may collect 

carbon dioxide inside and kill the animals.  

 

A sieving sample should be processed as soon as possible after sampling. An easy way to check sieving 

samples is with plastic boxes (their lids are needed too). The bottom of each box is covered by soft kitchen 

paper that absorbs part of the moisture, if there is moisture in the sample. The sample is put on the paper 

and after picking up and storing the most active animals from the sample, the whole sample is again covered 

by several layers of kitchen paper. After covering the sample with paper layers, the whole box is closed. After 

some hours, animals have become active and they are climbing on the papers. Animals are easy to see on 

papers and also easy to pick into sample tubes. The papers are checked usually 2-5 times a day. After five 

days, most of the animals have been found and the rest of the sieving material (detritus) can be thrown away. 
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Fig. 2. Material from the sieving boxes under investigation. Sieving material can be collected from different 

kinds of organic material, including the bark and branches of dead trees, soil detritus, organic litter inside 

hollow trees, etc. It is effective method for finding beetles, bugs and pseudoscorpions, for example. 

 

4.2.3. Monitoring protocol for flying saproxylic species: Window traps 

 

The recommended number of window traps in a forest area is usually between 4 and 8. If there are several 

different types of forests in the study area, 4-8 traps should be placed in each type of forest. This number of 

traps only provides basic data of common species. To find most of the species occurring in the area, also the 

rare ones, would require a massive number of traps. Such numbers of traps collect enormous numbers of 

invertebrate individuals and identification work can be difficult to arrange. 

 

Window traps have a funnel and, above it, two pieces of (40 x 40 cm) plastic “windows” crossing each other. 

Under the funnel is a bottle which is usually filled with ethylene-glycol. On the side of the bottle is a hole 

covered with dense plastic net. This hole allows water to go out in rainy weather.  

 

Window traps should be emptied about once per week. If weather is dry the time period between checking 

can be longer (2 weeks). Usually a period longer than two weeks causes problems. The funnel often collects 

falling leaves, branches and other material which may stop animals from falling into the bottle.  

 

During a check, the bottle is emptied onto a fabric net spread over a bowl. If the ethylene-glycol is not diluted 

by rain, it can be collected and re-used. The fabric net with insect samples is moved into an empty bottle and 

the bottle is filled with ca 70% alcohol. A label with date and place is put inside the bottle.  
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Fig. 3. Window trap on dead 

beech (Fagus sylvatica). Window traps are mainly used to collect species living in dead, dying or hollow trees. 

Large number of the invertebrate species in the Annexed of the habitats directive are dependent on dead 

wood material (saproxylic species).  In the photo (a) local ranger (Jonce Gagovski) is checking the trap at the 

southern parts of Pelister NP. Click beetles (Elateridae), for example, are often found in window trap material. 

The species in the photo (b) is Lacon punctatus.    

 

 

4.2.4. Monitoring protocol for ground living invertebrates: Pitfalls 

 

Pitfall traps can be used in many types of habitats. Usually they are placed in long line formations. The typical 

distance between cups is ca. one meter. A pitfall cup can be covered by a shelter. The shelter is attractive to 

some species and it prevents the dilution of the preservation liquid (often ethylene-glycol). Sometimes water 

with salt has been used instead of ethylene glycol.  

 

Pitfall traps should be checked ca. once per week. In rainy weather, pitfall cups may be filled with rainwater 

and the cups should be checked more frequently. In each checking, the quality of the preserving liquid should 

be checked.  
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Fig. 4. Pitfall traps are very commonly used in studies 

on ground beetles (Carabidae), and other insect and spider species living on ground. Typical pitfall trap is a 

plastic cup which is put in ground. The upper side of cup is at the level of ground surface. Ethylene glycol or 

salt water can be used in the cup to preserve the samples during the trapping period.  

 

4.2.5. Monitoring protocols for species climbing along trees and walls of caves: Tape traps 

 

Winglessness is a commonly adopted life strategy in cold conditions. In general, females are more often 

wingless than males. The proportion of wingless species increases towards north and towards high altitudes 

(mountain tops). Species that are active in late autumn, in winter of early spring are more often wingless 

than species that are active during warm season. Also species living deep in caves are often wingless.  

 

Tape traps can be used in inventories and monitoring of wingless species. A tape trap is simply a wide tape 

which has been set around the lower parts of the tree. The tape is set with the sticky surface facing outwards 

from the tree. Common packing tape is cheap and it works well for a couple of days before the glue on the 

tape surface gets too dry.   

 

In caves, tape is put around a stone and the stone is place in a spot where the study species might occur. In 

cave habitats non-selective traps should be used only if they are not a risk for the small populations of cave 

inhabiting species. 
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Fig. 5. Juvenile Psocoptera captured by tape trap. 

Tape traps are commonly used, for example when collecting wingless females of some moth species. 

Winglessness of some moth species id usually related to cold climate conditions. Wingless moth species occur 

in early spring, late autumn or winter. Also some species living in high mountains or in very northern 

conditions are wingless.  Tape traps can be used also in caves (b).  

 

 

4.2.6. Monitoring protocol for cave inhabiting species and species inhabiting hollow trees: 
Folio traps 

 

Folio traps can be used in caves, but the volume of trapping must be relative to the size of the cave habitat. 

Both in caves and in hollow trees, aluminium folio can be formed in a shape that follows the form of the 

background. In cave habitats, use of any traps must be carefully planned. In small caves, populations of 

species can be very small, and capturing samples by unselective traps may cause a threat for small 

populations of cave species. 

 

 

Fig. 6. Folio trap is an effective method for the inventories and monitoring of hollow trees (a) and cave 

habitats (b).    
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4.2.7. Monitoring protocol for species attracted by light: Light traps  

 

Usually two light traps are placed in a study area. The traps should be placed in different types of habitats. A 

typical place is the edge of closed and open habitats. Many moths fly along the edges of habitats. In mountain 

areas, the trapping period starts in March and ends in December. In low altitudes light traps can be in use 

around the year. Even if they do not collect much material in winter, the material collected in winter may 

include species of community interest. 

 

 

Fig. 7. Light trap (a) can be used for the inventories and monitoring of moths, but it may bring additional 

information about some beetle species too. Lucanus cervus females, for example, are nocturnal and can be 

attracted by light. With one light trap it is possible to find 200 – 700 species of moths (from 

“Macrolepidoptera” groups) per site every year. Light traps have been uses for inventories and monitoring of 

fauna. Also, light trap materials provide very useful scientific data for climate change studies. If the collected 

material is in a good condition, DNA from the specimens can be used for research too.  

 

4.2.8. Monitoring protocol for species attracted by smell: Odor traps 

 

Odour-based traps are mainly used to attract butterflies and moths, but in addition to them, they attract 

large numbers of insects from other taxonomic groups (beetles, flies, lace wings, scorpion flies, etc.).  

 

At least two different kinds of liquids can be use in attracting insects 1) Red wine 50 % and vinegar 50 % or 

2) Beer (2-3 bottles), yeast, and 0,5 -1,0 kg sugar or brown sugar. Soft plastic foam (superlon) pieces are 

dipped in sweet liquid. Lover parts of foam pieces can be put inside a plastic cup and when the cup is filled 

with the same liquid the foam does not evaporate and dry too fast. The condition of the foam pieces should 

be checked frequently.    

 

The foam piece in a cup is put on a funnel, which is then covered by a plastic shelter. Under the funnel is a 

can with insecticide and pieces of empty egg cells and / or kitchen paper. The bottom of the can is covered 

with plastic foam (superlon). Under the foam layer should be small holes to let rainwater escape. Traps should 

be emptied 1-3 times per week depending on weather conditions, flying activity of insects and the 

effectiveness of insecticide in the trap. If possible, the tap could be emptied every morning, but in remote 
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areas this is often not possible. The more often the traps are emptied, the better condition the samples 

usually are.   

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Odour based traps are used in the inventories and monitoring of butterflies and moths. Nymphalis 

species are often found in the traps. Nymphalis polychloros (b) is not rare in the study materials.  

 

4.3. Mammals 

 

The following methods are mostly used in the monitoring of mammals: 

- Camera traps 
- DNA samples (eDNA, faeces) 
- Direct observation (e.g. during bird surveys) 
- Track counts 
- Trapping 
- Spotlight 

 

4.3.1. Small mammals 

 

Small mammals can be identified and monitored year-round, but hibernation and deep snow cover must be 
considered. Although live trapping is one of the most cost-efficient methods of monitoring small mammals, 
it should be combined with other methods for a more thorough analysis. The monitoring method for a species 
should be chosen based on the species’ ecology and distribution.  

 

Traps: 

Small mammals, such as rodents, are often caught and identified using traps. They offer a year-round, cost-
effective method for identifying and evaluating the presence of species and the size of populations. Using 
live catching traps is advisable because it affects the populations least. For the inventory of small mammals, 
2-3 trapping periods per year, lasting five days, provides information of the main species and some 
information on the population size and its fluctuations. The number of traps can vary between 20-60, 
depending on the size and diversity of habitats in the area. Live catching traps must be checked at least once 
per day, but twice per day reduces unwanted mortality for the study species. 

Audio sensors: 
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Audio sensors are used to record and identify signals emitted by animals, usually used for different bat 
species. Portable audio detectors are often connected with parabolic antennas, allowing more sensitive 
signals to be identified in more detail. Automatic detectors can be put in the same area several times, 
allowing the comparison of results between years. Nowadays there are specific programs available that 
automatically identify different species from audio recordings. Both portable and automatic detectors should 
be used to get the best possible data. Species specific ecology and habitat demands are very important when 
placing audio detectors, especially due to low range of detectors. 

Tracks and other signs: 

Identifying tracks from snow or ground or other signs is a cost-effective year-round method and can offer 
valuable knowledge on individual movements. 

Trail cameras/camera traps: 

Trail cameras monitor a specific spot, and when movement it detected, a photo or a short video is taken. Due 
to limitations of detecting small animals, it takes special care for optimum camera placement. Trail cameras 
can operate independently for an extended periods of time in a wide range of environments, function even 
in complete darkness and can even send the photos directly to a website or a phone. Depending on the size 
and diversity of the study area, the number of camera traps used varies between 5-20. Trails cameras can 
offer a discreet way to monitor and assess e.g. changes in migration and foraging behavior during different 
seasons, population sizes and individual behavior. 

Feces and other remains: 

Certain species can be identified by visually observing feces, but additional analysis can be done on the DNA 
it contains. Molecular methods can identity the host species but also the diet of the species in question. 
Furthermore, given adequate sampling, feces can be used to distinguish individuals and lineages. 

Animal remains, such as roadkill, can offer valuable data that can be used to strengthen population 
estimations and provide indications of migration and activity. 

Hunting statistics: 

Confirmed kills and hunting activities should also be documented to provide indirect regional data on the 
density of specific species. Samples can also be obtained and sent to research institutes where they can offer 
valuable insight into e.g. what infections and parasites these species have. 

DNA, eDNA: 

Samples that contain DNA or Environmental DNA (eDNA) can be used to identify species and even individuals. 
eDNA samples from e.g. a small pond can simultaneously identify the presence of several large mammal 
species. At best it is cost-effective and non-invasive way for monitoring, but it can also be used to assess the 
viability of populations, e.g. how inbred a population is. 

Bat monitoring 

Bat monitoring using audio detectors should be repeated 3-5 times per season in all relevant (different types) 
of habitats, prioritizing those habitats that bats usually use for territories and foraging. Monitoring both 
during the spring and the autumn may provide additional information from migration routes and wintering 
sites. Bats should also be identified and monitored from their roosting sites, from both daytime hides (caves, 
hollow trees, old buildings, etc.) as well as from their wintering sites. These sites provide data that can’t be 
obtained by audio signals, e.g. accurate population sizes, offspring numbers etc. 

 

4.3.2. Large mammals 

 

Large mammal species are relatively easy to identify year-round (excluding the brown bear that hibernates), 
but it usually takes several different methods and extended periods of time to properly assess the status of 
a species or a population. Evaluating population structure, demography and genetic diversity is especially 
demanding, and it requires careful planning and understanding of the target species’ ecology. 
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Tracks and other signs: 

Identifying tracks from snow, ground or from tree trunks is a cost-effective year-round method and can offer 
valuable knowledge on individual movements. 

Trail cameras/camera traps: 

Trail cameras monitor a specific spot, and when movement it detected, a photo or a short video is taken. 
They can operate independently for an extended periods of time in a wide range of environments, function 
even in complete darkness and can even send the photos directly to a website or a phone. Depending on the 
size and diversity of the study area, the number of camera traps used varies between 5-20. Trails cameras 
can offer a discreet way to monitor and assess e.g. changes in migration and foraging behavior during 
different seasons, population sizes and individual behavior. 

Feces and other remains: 

Certain species can be identified by visually observing feces, but additional analysis can be done on the DNA 
it contains. Molecular methods can identity the host species but also the diet of the species in question. 
Furthermore, given adequate sampling, feces can be used to distinguish individuals and lineages. 

Animal remains, such as roadkill, can offer valuable data that can be used to strengthen population 
estimations and provide indications of migration and activity. 

Hunting statistics: 

Confirmed kills and hunting activities should also be documented to provide indirect regional data on the 
density of specific species. Samples can also be obtained and sent to research institutes where they can offer 
valuable insight into e.g. what infections and parasites these species have. 

DNA, eDNA: 

Samples that contain DNA or Environmental DNA (eDNA) can be used to identify species and even individuals. 
eDNA samples from e.g. a small pond can simultaneously identify the presence of several large mammal 
species. At best it is cost-effective and non-invasive way for monitoring, but it can also be used to assess the 
viability of populations, e.g. how inbred a population is. 

Unmanned Aerial Vehicles (UAV), drones: 

Aerial cameras can be used to identify and monitor large mammals, such as the Bezoar goat (Capra aegagrus), 
from hard to reach places. 

 

4.4. Fish 

Electrofishing 

Sample fishing (many trapping methods) 

DNA samples (eDNA) 

 

4.5. Plants 

 

Vascular plants and bryophytes have a life cycle that is very season dependent. While some species can be 
identified year-round, they are usually inventoried during the growth season, i.e. from spring to late autumn, 
when species-specific details become apparent. Although vascular plants and bryophytes are stationary 
organisms, they can spread their seeds and spores using air currents, suggesting that inventories should also 
be extended to potential habitats surrounding known species sites. 

Recent advances in DNA-based methods (including environmental DNA) have made it cost-effective to 
identify species/populations/individuals based on samples. This may offer a solution to identifying difficult 
species pairs or subspecies with very little harm to the host plant or bryophyte. 
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A common way to study the plant community in a certain area is to randomly draw a set of locations in the 
study area and establish sampling plots (quadrats) in those spots. Within these plots, the observer can record 
the number of occurring plant species and also the abundance of each species in the plot, if necessary. There 
are also other, more specific measurements that can be carried out within the plot. Another method 
sometimes used for plant (and e.g. fungus) research is transect line. The idea of a transect line count is to 
walk along a predefined line in the field and record all observed species/individuals within the study area 
(e.g. all plants touching a physical thread pulled along the transect line, or all plants within a certain distance 
from the walked line). 

When collecting physical samples, adequate information should be included in the sample label. Time, 
location (preferably GPS coordinates) and the name of the collector are minimum requirements for a label 
data. Borders of the population/suitable habitat should also be collected using a GPS. These samples should 
then be stored in public herbarium (e.g. a University) and the sample information should be put into an open 
access database (preferably connected to GBIF). Please note that sampling must not threaten the survival of 
the local population! 

Inventories and monitoring on vascular plants and bryophytes should be based on field observation sheets 
for vascular plants and bryophytes. These field forms have been used as the main method for inventories 
and monitoring in the Finnish database of threatened species over several decades. 

 

4.5.1. Vascular plants 

The main method for identifying and monitoring vascular plant species is active searching of flowering 
individuals during the growth season. For some species this can be as early as March, but some species can 
bloom as late as October. Some species can be identified for a longer period with ripe seed capsules or other 
specific structures, whereas some are present and identifiable only for a short time during the growth season. 

Most vascular plants can be identified using photographs. However, if there is a risk for misidentification, 
which sometimes occurs with grasses and sedges, and plants that include difficult species pairs, it is important 
to take a small sample. A sample like this should have all the species-specific structures, and sufficient 
information. 

In vascular plants it is sometimes possible to involve the wider public in inventory and monitoring activities 
by providing a digital platform for plant photographs. This “citizen science” can provide help to inventories 
and monitoring of easily known species. 

 

4.5.2. Bryophytes 

The main method of identifying and monitoring bryophytes is active searching. Photographing can be used 
to identify only a limited number of easily identifiable species. With bryophytes, it is essential to have good 
knowledge on the ecology of the species that is being searched/identified. For most bryophyte species and 
especially from new localities it is important to collect herbarium samples and label them with adequate 
information. 


