1. PUBLISHABLE SUMMARY
Attached as a separate document
2. PROJECT OBJECTIVES
A. Objectives of the research project
1. Reconstructing demographic and genetic changes in each population during the Holocene, using Bayesian coalescent inference from mtDNA sequences.
2. Comparing the population dynamics of the four species in the context of climate change, human exploitation, and their respective life histories.
3. Reconstructing the evolutionary and demographic processes leading to the extinction of the Baltic harp seal, in comparison with the demographic changes in populations of the three extant Baltic seal species.
B. Training objectives for the researcher established in the Personal Carrier Development Plan
1. Research training objectives:
- Learning up-to-date techniques of working with ancient DNA
- Learning advanced methods of analysis of population genetic data, including Bayesian coalescent modelling

- Familiarisation with zooarchaeological approach to the analysis of animal remains

- Familiarisation with research methods in palaeoecology
- Broadening the knowledge of theoretical population genetics and population ecology

- Acquiring interdisciplinary knowledge by integrating different, complementary research fields
2. Establishing research collaborations
3. Improving presentation and scientific writing skills through dissemination of the results of the research project
4. Improving researcher competencies

5. Developing teaching skills
6. Performing other research-related activities, e.g. reviewing manuscripts for scientific journals
3. WORK PROGRESS AND ACHIEVEMENTS
A. A summary of progress towards objectives and details for each task 
Accomplishment of research objectives as presented in the original proposal
Objective 1: Reconstructing demographic and genetic changes in each population during the Holocene, using Bayesian coalescent inference from mtDNA sequences
- Work performed

We extracted DNA and made attempts to amplify mitochondrial DNA (mtDNA) control region for 145 ancient samples (from the period 13,710 – 2,900 yBP, plus four Medieval specimens), 240 historical samples from the period 1843-1990, and 107 contemporary samples (from the period 1993-2012). The ancient samples belonged to all four Baltic seal species, while historical and contemporary samples belonged to the tree extant species. 

DNA extractions and PCR setup for subfossil and museum specimens were conducted in a laboratory dedicated exclusively to ancient DNA analysis, physically separated from other laboratories. Contamination was monitored by the use of negative controls, independent replicates of DNA extraction and PCR procedures for selected samples, and cloning. We also tested for the presence of genetic outliers by constructing a phylogenetic tree for all four species analysed. We identified two outliers and excluded them from further analyses. Authenticity of the obtained results was also confirmed by the consistency between morphological and genetic species assignment.
We obtained sequences of mtDNA control region (at least 335 bp -long) for 76 (52%) ancient, 187 (74%) historical and 97 (91%) contemporary samples. Initially, we planned the analysis of 490 bp of the control region, and this was achieved for most of historical and modern samples, and for some ancient samples. However, for many ancient samples we were not able to amplify DNA fragments longer than 140 bp, and therefore we limited the length of the target sequence to 335-338 bp amplified in 3 overlapping fragments. We also obtained mtDNA control region sequences from 202 modern individuals of Baltic seals from Genbank, which were included into the data analysis. 

Obtained sequences were aligned and compared to identify different haplotypes. Changes in genetic diversity of each species over time were assessed by calculating haplotype diversity (HD) and nucleotide diversity (π) in different time periods. Phylogenetic relationships among mtDNA haplotypes of contemporary and ancient samples within each of the studied species were analysed using a median-joining approach implemented in the program Network. The hypotheses of demographic and spatial expansion following the funding of new populations in the Baltic Sea were tested through the mismatch distribution analysis, Fu’s test of selective neutrality, and Tajima’s D test, implemented in the program Arlequin. Demographic changes in each seal population throughout the Holocene were reconstructed based on temporal changes in their genetic variability. This was done using a Bayesian coalescent inference implemented in the program Beast. For each species, we constructed Bayesian skyline plots that illustrate changes in effective population size over time. These plots we constructed using the program Tracer based on the coalescence data obtained from Beast.
- Results and degree to which the objective was met

Objective 1 was fully met. Our research provided the first data on the genetic variability of ancient and historical, pre-bottleneck populations of each of the three extant seal species. The data on each species suggest high genetic variability of both ancient and pre-bottleneck populations, with the ringed seal having consistently highest and the harbour seal lowest effective size (Table 1). The reconstruction of Holocene population dynamics for the ringed seal and harbour seal suggests population growth throughout the entire period included until modern times (Figures 13 & 14). The demographic reconstruction for the grey seal suggests low effective population size until about 500 years ago, when a sudden population growth was observed, followed by a decline in the XX century (Figure 8). For the harp seal, we found a pattern of sudden population growth and then a sudden decline, which likely coincided with founding and extinction of the Baltic population, respectively (see Objective 3). Our results also suggest extensive gene flow among different regions of the Baltic Sea, as well as between the Baltic and Skagerrak/Kattegat straits.

Objective 2: Comparing the population dynamics of the four species in the context of climate-induced environmental change, human exploitation, and their respective life histories 

- Work performed

We collected the data from literature on climate change in the Baltic Sea basin throughout the Holocene, as well as other environmental changes, which had either strict or limited dependence on climate change (e.g. changes in sea salinity). We also reviewed literature on zooarchaeological studies of human settlements along the Baltic Sea coast that provided us with information on seal exploitation by humans. We also reviewed ecological studies on the four seal species to compare their life history traits.

- Results and degree to which the objectives were met

Each of the four seal species studied showed a distinct pattern of population dynamics (Figures 2, 8, 14, 15). For none of them changes in the effective population size corresponded with the changes in mean annual temperature (e.g. Figure 6). Instead, we found out that the demographic expansion of the harp seal population about 6,000 yBP, most likely corresponding to the time this species colonised the Baltic Sea basin, occurred in the time when the salinity of the Baltic Sea reached its highest level during the Holocene, and the population decline and extinction occurred after the salinity declined to its current, low level (Gustafsson & Westman 2002; Figure 7). The decline in salinity implies the decline in sea productivity, which is likely to result in an increased competition for food resources between different seal species, as well as between seals and humans. The comparison of Bayesian Skyline Plots representing population dynamics of the four seal species showed a sudden expansion of the grey seal population coinciding with a sudden decline and extinction of the harp seal population (Figure 9). This suggests inter-specific competition between these two species. The advantage of the grey seal over the harp seal could have resulted from its larger body size, advantageous in case of direct confrontations, and the use of a wide range of breeding sites as compared with exclusively ice-breeding harp seals. Potentially, changes in the fish community composition following the salinity decline were also beneficial for the grey seal as compared with the harp seal. We found no evidence of demographic response of the two other seal species to the harp seal extinction. However, the harbour seal has been the least numerous species in the Baltic Sea throughout the Holocene (Figure 1), and the ringed seal, although numerous, has been spatially limited to the northern Baltic. 

Assessment of the impact of human hunting on seal population dynamics is more difficult. A decline of the harp seal population coincided with the Medieval Warm Period, which was a period of a substantial growth of the human population in the Baltic Sea region (Tallavaara & Seppa 2012). However, no decline in population numbers is observed in the other seal species in this period. On the other hand, strong population decline observed in the second half of the XX century, which was caused by overhunting as documented by bounty data, affected each of the three extant Baltic seal species in the same way (Harding & Härkönen 1999, Härkönen et al. 2005). This recent population decline was not reflected in the Bayesian Skyline Plots except for the grey seal. No reduction in nucleotide diversity (and thus in effective population size) was observed in any of the species, while each of them showed reduction in haplotype diversity (Table 1). Such a pattern is expected for recent genetic bottlenecks. The indices of demographic and spatial expansion showed mostly inconclusive results (Table 3).
Objective 2 was fully met, although this part of the study would benefit from some additional data. However, the acquisition of these data was not planned in the proposal and they could not be obtained during this project due to the limited timeframe and budget. These problematic areas are as follows:

(i) Assessment of the degree of inter-specific competition between the Baltic seals: While the ecology of each of the four seal species has been extensively studied, information about their inter-specific competition is limited. Currently, there is no place in the world where all these four seal species would co-occur, and the data available on the niche overlap between the harp seal and other seal species is limited to the ringed seal and other Arctic seal species. Moreover, due to the brackish character of the Baltic Sea, the harp seal diet must have been different in the Baltic than it is in the Atlantic at present. Dietary and spatial niche overlap of the four Baltic seal species during the Holocene could be assessed based on stable isotope analysis, but we did not have sufficient resources to perform such analysis.

(ii) Assessment of the level of hunting pressure on seals: Despite extensive zooarchaeological literature on seal exploitation by humans in the Baltic Sea, we found difficulties in assessing the level of hunting pressure on each species. However, this is a common problem in studies trying to assess the level of human impact on ancient populations of wild species.

Objective 3: Reconstructing the evolutionary and demographic processes leading to the extinction of the Baltic harp seal, in comparison with the demographic changes in populations of the three extant Baltic seal species
- Work performed

Using the procedures described in Objective 1, we obtained mtDNA control region sequences for 21 ancient harp seals from the Baltic Sea and Skagerrak/Kattegat straits. Additionally, we amplified 298 bp sequence of cytb gene for the same 21 samples. The subfossil samples that were successfully sequenced dated between 2,900 and 13,710 uncalibrated radiocarbon years B.P. Additionally, among the ancient samples there were four samples from the Middle Age sites (AD 1050-1255) from Gdansk, Poland (see Objective 4). We also produced mtDNA control region and cytb sequences for 11 historical harp seal samples from the coast of the Barents Sea from the period 1827-1928, and one sample from a captive specimen from an aquarium in Bergen, Norway, sampled in 1964. We also included in our analysis the cytb sequences of harp seals from the contemporary colonies from the White Sea, Greenland Sea, and Newfoundland, available in GenBank (AF200479-AF200491, AM181030, GU174609).
Based on the mtDNA control region sequences of ancient harp seals from the Baltic Sea and Skagerrak/Kattegat straits, we reconstructed the population dynamics of this species throughout the Holocene. It was compared with the population dynamics of the three other seal species that have inhabited the Baltic Sea (see Objective 1). We also compared genetic variability of the extinct Baltic harp seals with the modern populations from the North Atlantic, and reconstructed phylogenetic relationship between them to infer on the origin of the founder population of the Baltic harp seals.

- Results and degree to which the objective was met;

This objective was fully met. Our study of ancient harp seals from the Baltic Sea presents a first case when the dynamics of a wild population could be reconstructed from its establishment to its extinction. The founding date of this population could be estimated based on the timing of the Baltic Sea formation as a result of the opening of a connection between the Ancylus Lake and the ocean about 8,000 years ago, and the temporal distribution of radiocarbon dated samples (see Figure 3). The earliest presence of the harp seal in the Baltic Sea dates at 5890 ± 70 uncalibrated radiocarbon years PB, based on the sample from a natural deposit in Finland (Ukkonen 2002). The latest known record, also from Finland, was dated at 2800 ± 65 uncalibrated radiocarbon years PB (Ukkonen 2002), and harp seals were believed to become extinct from the Baltic Sea at the end of the Subboreal period (about 2500 years ago; Storå & Ericson 2004). However, our study showed that the harp seal went extinct at least 1500 years later (see Objective 4). The reconstruction of the harp seal population dynamics in the Baltic Sea and Skagerrak/Kattegat straits using the Bayesian Skyline Plot method (Figure 2) suggests fast population growth about 6500 yBP, consistent with the time of the establishment of the Baltic population inferred from the distribution of radiocarbon dated seal bones (Figure 3). It also suggests that population size declined abruptly about 1000 years ago, which coincided with the Medieval Warm Period (AD 950-1250). 

The analysis of phylogenetic relationships between the extinct Baltic harp seals and extant harp seals from the North Atlantic showed that the Baltic population was established by a large and diverse founder population. Its haplotype and nucleotide diversity was lower as compared with contemporary Northeast Atlantic populations, but higher than Northwest Atlantic populations (Table 2). The pattern of haplotype sharing (Figures 4 & 5) suggests that the founder population most likely originated from the White Sea breeding colony, which is spatially the closest (Figure 1). However, the distribution of breeding colonies in the time when the Baltic population was established could have been different than at present. Samples from the Skagerrak/Kattegat area, three of which were dated at about 10,700 yBP - before the opening of the Baltic Straits – were intermixed in the haplotype networks (bases on the control region and cytochrome b) with haplotypes from the Baltic Sea, and some of them had central position in the networks. This suggests that, as expected, the immediate ancestors of the Baltic Sea population were from the Skagerrak/Kattegat area.

The ancient Baltic harp seal had high genetic variability as compared with the other Baltic seal species from similar period (Table 1). Its nucleotide diversity was comparable with the ringed seals (that are the most numerous seal species in the Baltic at present) and higher than grey seals and harbour seals. This suggests that the harp seal population declined from numbers comparable with the most numerous seal species in the Baltic Sea to the extinction within a period of several hundred years (see Figure 2). Possible causes of such decline include climate-related environmental change, overhunting, competition with other seal species, and inbreeding due to genetic isolation. Our results allow us to exclude the last potential cause, as genetic diversity of harp seals in the small Baltic Sea basin was higher than in two Northwest Atlantic breeding colonies, while the population numbers in the entire Northwest Atlantic were estimated at 4.5 million. Climate-related environmental change could have caused the extinction of this ice-breeding species, as the Baltic Sea was its southernmost population location. Although our study suggests that the extinction of the Baltic harp seals occurred during the Medieval Warm Period, this population was surviving even warmer temperatures during most of its history (Figure 6), so it is unlikely that this particular warm period was the main cause of its extinction. However, the decline of the harp seal population also coincided with the decline in the salinity of the Baltic Sea (Figure 7), and the resulting decline in sea productivity. This could have intensified competition for food resources with other seal species, as well as with humans. Competition with other seal species would have resulted in an increase in population numbers of these species after the harp seal extinction. Indeed, the grey seal shows a strong signal of population growth about 500 years ago, while the last known record of the harp seal dates for about 700 years ago (Figure 9). Therefore, competition with the grey seal is a likely factor that could have contributed to the harp seal extinction. The effect of hunting by humans is more difficult to assess. However, widespread presence of harp seal remains in archaeological record (Storå & Ericson 2004) combined with the significant increase of human population size in the Baltic Sea region during the Medieval Warm Period (Tallavaara & Seppa 2012) suggest that hunting was another factor that substantially contributed to the harp seal population decline and eventual extinction. 

New objectives established during the course of work and new lines of research
Objective 4: Clarifying the time of extinction of the harp seal from the Baltic Sea

- Work performed

Harp seals were believed to become extinct from the Baltic Sea at the end of the Subboreal period (about 2500 years ago; Storå & Ericson 2004). However, the genetic analysis identified the four samples from two sites in Gdansk, Poland dated for Middle Ages (AD 1050-1255) as the harp seals. This suggests that the harp seal went extinct at least 1500 years later than it was thought. These samples were dated for Middle Ages based on the archaeological context (D. Makowiecki, unpublished). Because we could not exclude a possibility that these bones occurred in this archaeological context as a result of layer translocation, it was necessary to perform radiocarbon dating of one bone from each site to obtain reliable information on their age. We also performed radiocarbon dating for two harp seal bones from a Neolithic archaeological site in Rzucewo, Poland and two from Neolithic archaeological sites in south-western Sweden (Rörvik and Grebbestad), as no dates were available for these sites before. In addition, radiocarbon dating was also performed for a harbour seal bone from Sotenkanalen, south-western Sweden – a site of natural shell graven deposit for which no radiocarbon dates were obtained before, and from where a number of samples analysed in this study came from. 
Radiocarbon dating was performed in Poznan Radiocarbon Laboratory, Poland. The calibration of the radiocarbon dates was performed using the software OxCal 4.1.5. Different calibration methods were applied for the samples from the Skagerrak/Kattegat area and the inner Baltic Sea, due to differences in salinity and geological history. The dates for samples from the Skagerrak/Kattegat area were calibrated using Marine09 calibration curve (Reimer et al. 2009), with the local correction for the reservoir age for this area: DeltaR = -50±50 years. This correction was based on Marine Reservoir Database: http://intcal.qub.ac.uk/marine/.
The dates for samples from the inner Baltic Sea were calibrated using Atmospheric calibration curve (IntCal09; (Reimer et al. 2009) with the correction for the reservoir age 350±50 years. The Baltic is a brackish, inland sea with little water exchange with the ocean, and therefore changes in levels of 14C in the atmosphere are stronger reflected in this sea as compared with the ocean. The correction for the reservoir age was based on Olsson (1996) and Kortekaas et al. (2007).
We also submitted a proposal for radiocarbon dating of a larger number of bones (32). The proposal was unsuccessful, but we were requested for the resubmission.

- Results and degree to which the objectives were met;

This objective was fully met. The radiocarbon dates obtained (Table 4) allowed us to clarify the time of extinction of the harp seal from the Baltic Sea. Each date was consistent with the corresponding estimate based on an archaeological context (if available). Two bones from Medieval sites in Gdansk, Poland were dated for the period that is consistent with the archaeological context, confirming that the harp seal survived in the Baltic Sea at least until about 1100-1200 AD, which is about 1500 years later than suggested based on earlier studies (as reviewed in Storå & Ericson 2004).  The radiocarbon dates of two harp seal bones collected from two different layers in the Neolithic site in Rzucewo, Poland were close to each other and consistent with the earlier radiocarbon dates obtained for charcoal samples from the same site. Two harp seal bones from two archaeological sites in south-western Sweden (in the Skagerrak/Kattegat area) were also dated for the Neolithic archaeological period (and Subboreal geological period), but later as compared with the Rzucewo samples (Table 4). 

The harbour seal bone from the shell gravel deposit in Sotenkanalen was dated for the late Medieval period – this was the first date ever obtained for this site.
References

Gustafsson BG, Westman P (2002) On the causes for salinity variations in the Baltic Sea during the last 8500 years. Paleoceanography, 17: 1040.

Harding KC, Härkönen TJ (1999) Development in the Baltic Grey Seal (Halichoerus grypus) and Ringed Seal (Phoca hispida) populations during the 20th century. Ambio, 28: 619-627.

Härkönen T, Harding KC, Goodman SJ, Johannesson K (2005) Colonization history of the Baltic harbor seals: integrating archaeological, behavioral, and genetic data. Marine Mammal Science 21: 695-716. 
Kortekaas M, Murray AS, Sandgren P, Bjorck S (2007) OSL chronology for a sediment core from the southern Baltic Sea: A continuous sedimentation record since deglaciation. Quaternary Geochronology 2: 95–101.
Król D, Schild R (2009) Elements of stratigraphy of a Neolithic settlement in Rzucewo, Puck, site 1. In: Current questions on the Neolithic in Pomerania (eds. M. Fudziński, H. Paner), The Archaeological Museum in Gdańsk, Poland, pp. 261 - 268 (in Polish).
Olsson, IU (1996) 14C dates and their reservoir effect. In: van der Plicht, J. (Ed.), International Workshop on Isotope-Geochemical Research in the Baltic Region. Estonia, Centre for Isotope Research, Lohusalu, pp. 5–23.
Reimer PJ, Baillie MGL, Bard, E, et al. (2009) IntCal09 and Marine09 radiocarbon age calibration curves, 0-50,000 years cal BP. Radiocarbon 51: 1111-1150.
Storå J, Ericson PGP (2004) A prehistoric breeding population of harp seals (Phoca groenlandica) in the Baltic Sea. Mar. Mamm. Sci. 20: 115-133. 

Tallavaara M, Seppa H (2012) Did the mid-Holocene environmental changes cause the boom and bust of hunter-gatherer population size in eastern Fennoscandia? The Holocene 22: 215–225.

Ukkonen P (2002) The early history of seals in the northern Baltic. Ann. Zool. Fenn. 39: 187-207. 
B. A summary of the progress of the researcher training activities/transfer of knowledge activities
1. Learning up-to-date techniques of working with ancient DNA 

This objective was achieved by consulting other researchers experienced in ancient DNA work, testing several methods of ancient DNA extraction, optimizing PCR reactions with the use of different types of Taq polymerases and designing several sets of primers to adjust the product length to the degradation level of particular samples. Extraction from several different kinds of materials was performed: subfossil bones and teeth, historical bones, historical tanned pelts, and historical soft tissue samples, preserved frozen for up to 50 years. The researcher also received a technical training on the use of Microdismembrator for powdering bones in the Department of Archaeology at Durham University.

2. Learning advanced methods of analysis of population genetic data 

The researcher familiarised herself with the methods used for the analysis of ancient DNA data, including Bayesian coalescent modelling, and with specific problems connected with the analysis of temporal population genetic data. 

3. Familiarisation with zooarchaeological approach to the analysis of animal remains 

The researcher established collaborations with experienced zooarchaeologists (including Dr. Pirkko Ukkonen, Dr. Linas Daugnora and Prof. Daniel Makowiecki), and with their help learned how to distinguish seal bones from bones of other carnivores, and to identify the distinguishing morphological traits for each of the four Baltic seal species.

4. Familiarisation with research methods in palaeoecology 

This was achieved through an extensive literature review and interaction with specialists in this field at Durham University.

5. Broadening the researcher’s knowledge of theoretical population genetics and population ecology

This was achieved through staying up-to date with the most important research articles in these fields, attending meetings of the Molecular Ecology Group and seminars of the Institute of Ecosystem Sciences, and attending a research conference specifically dedicated to population genetics: the Population Genetics Group Meeting (Nottingham, 4-7.01.2012).
6. Acquiring interdisciplinary knowledge by integrating different, complementary research fields

This was achieved through the interaction with researchers specializing in different research areas (zooarchaeologists, ecologists, geneticists), and familiarising with studies of interdisciplinary research groups with similar research profile.
7. Establishing research collaborations
This objective was fully achieved in the first year of the project and was described in the mid-term report.
8. Improving presentation and scientific writing skills through dissemination of the results of the research project
The researcher presented the results of the project at two international conferences and eight other scientific meetings (see Dissemination Activities). She also wrote a manuscript describing a part of the results of this project (which is now at final stages of preparation before its submission), and prepared the material for two other manuscripts.

The researcher also attended workshops dedicated to improving presentation and writing skills: “Perfecting Presentation Techniques” (Durham University, 24.01.2012) and “Writing for Publication”, (Durham University, 01.02.2012).
9. Improving researcher competencies
The researcher was provided with extensive training possibilities that allowed her to improve her scientific competencies. She gained experience in project management by taking the responsibility for the completion of subsequent goals in the project’s work plan and optimal allocation of available funds. She also prepared a proposal for radiocarbon dating of seal bones that have been successfully sequenced in this project.
The researcher also attended a number of job interviews for lecturer positions at British universities. This allowed her to improve her skills in tasks related to job application process (writing CV and cover letter, giving a presentation, preparing for an interview). Finally, it allowed her to secure a future employment. 
The researcher also participated in weekly seminars of the Institute of Ecosystem Sciences at Durham University. This allowed her to get acquainted with the most up-to- date research in different areas of ecology and evolutionary biology undertaken by leading scientists, and discuss relevant issues.
10. Developing teaching skills
The researcher was involved in the following teaching activities:

- A cycle of 6 1-hour lectures Evolutionary Biology for second-year undergraduate students at theSchool of Biological and Biomedical Sciences, Durham University, Autumn 2010
- A cycle of 4 1-hour lectures Conservation Genetics for second-year undergraduate students at theSchool of Biological and Biomedical Sciences, Durham University, Autumn 2010 
- Genomics and Sequencing Technologies – a 2-hour lecture for postgraduate students within a module “Specialist Techniques in Biological Sciences”, School of Biological and Biomedical Sciences, Durham University, 19 December 2011 
The researcher also attended two courses at Durham University dedicated to improving teaching skills: “Supervising Undergraduate Dissertations” and “Reviewing Large Group Teaching”.
11. Other research-related activities
During the second year of the fellowship, the researcher acted as a reviewer for Molecular Ecology (3 articles), Mammal Review and Marine Mammal Science. She also reviewed 22 applications for the Young Researcher Fellowship for the Foundation for Polish Science.

12. Transfer of knowledge

Maintaining collaborations with institutions and individual researchers from several European countries contributed to the transfer of knowledge in the areas of population genetics, population ecology and zooarchaeology between different parts of Europe (Eastern Europe, Scandinavia, UK).
C. Highlight clearly significant results
1. We reconstructed the population dynamics of the four species of seals in the Baltic Sea throughout the Holocene based on the genetic variability of subfossil and modern samples. Each species had a distinct pattern of population dynamics, but for none of them we detected effects of climatic fluctuations. The Baltic seals, including ice-breeding harp seals and ringed seals seem to be surprisingly resilient to climate change. 
2. We calculated genetic variability indices for subfossil specimens in the four Baltic seal species, and for the three extant species we compared them with the modern populations from before and after the recent population bottleneck that occurred in each extant species during the period 1970-1990. While haplotype diversity showed a pattern of temporal decline in each of the three extant species, there was no clear pattern in the temporal changes of nucleotide diversity. There were no significant differences in nucleotide diversity between pre- and post-bottleneck populations, while the haplotype diversity declined in each species. Such a pattern is expected for recent genetic bottlenecks.
3. We found that the ringed seal had the highest estimates of the past effective population sizes in each of the three time periods considered, while the harbour seal had the lowest effective population sizes. This is consistent with the archaeological record, where the ringed seal is the most numerous and the harbour seal the least numerous species, as well as with contemporary population censuses. 

4. The ancient harp seals had second highest effective population size after the ringed seals, which is consistent with their frequent occurrence in the archaeological record. The genetic diversity of this population in cytochrome b sequence was lower than the diversity in contemporary populations of this species from the Northeast Atlantic, but higher that in the Northwest Atlantic, while these populations consist of millions of individuals. Consistently, the reconstruction of phylogenetic relationships among mtDNA haplotypes from the ancient Baltic population and the contemporary Atlantic populations shows that the Baltic population was established by a large and diverse founder population. The ultimate origin of the founder population was most likely the White Sea breeding colony, although the location of breeding colonies could have been different in the past. The direct source of founders was most likely the Skagerrak/Kattegat area, where the harp seals occurred before the emergence of the Baltic Sea. Our results thus show that the Baltic population was numerous and genetically diverse, and therefore genetic inbreeding was not a likely cause of its extinction. 
5. Our study on the harp seal represents the first case when the evolutionary history of a wild population could be reconstructed from the time of its founding to the time of its extinction. The Baltic harp seals showed a pattern of fast growth after entering the Baltic Sea, followed by a period of a relatively stable effective population size, and then abrupt decline leading to the extinction. 
6. We found that the extinction of the Baltic harp seal – an Arctic, ice-breeding species living in temperate waters – was unlikely to be caused by climate warming. Instead, we concluded that this extinction could have been caused by a decline in salinity of the Baltic Sea and resulting decline in sea productivity. This could have intensified the competition for food with the other seal species, in particular the grey seal, which shows a sudden population growth after the harp seal extinction. A decline in sea productivity could also have intensified the competition for food resources between seals and humans, and this coincided with a human population growth. Therefore, it is likely that overhunting by humans was another factor that contributed to the extinction of the Baltic harp seal.
D. If applicable, explain the reasons for deviations from Annex I and their impact on other tasks as well as on available resources and planning
In Annex I, the participation of the researcher in the following conferences was planned:

· International Conference on Ancient DNA and Associated Biomolecules (fall 2010) 

· Annual Meeting of the Society for Molecular Biology and Evolution (spring 2011)
However, the dates of these conferences coincided with the final stage of the pregnancy of the researcher and then with her maternity leave, and therefore her attendance was impossible. Instead, she attended two other conferences after coming back from the maternity leave. This change did not have any impact on other tasks or on the resources.
E. If applicable, explain the reasons for failing to achieve critical objectives and/or not being on schedule and explain the impact on other tasks as well as on available resources and planning (the explanations should be coherent with the declaration by the scientist in charge)

All the objectives of the project have been achieved. Some parts of the project have been delayed as compared with the original schedule due to the circumstances that were impossible to control for the researcher and the project coordinator:

· Some of the samples that were important for the project were sent to us by collaborators only in the last quarter of the project, which caused delays with completing the labwork.

· For the purpose of the project, we needed radiocarbon dates for these particular samples for which we managed to obtain mtDNA sequences and which have not been dated before. We have applied for funding for radiocarbon dating (proposal attached), but our proposal was unsuccessful, and the resubmission is only possible at the next deadline, which is after the project end date (October 2012). We have send five most important samples for radiocarbon dating, but the most cost-efficient service required several months to perform the analysis. Therefore, we obtained the dates only at the very end of the project.

Although we performed all the laboratory work and data analyses planned in the project, the abovementioned circumstances caused delays with the publication of project results. However, the manuscripts are in preparation and will be submitted as soon as possible.
F. A statement on the use of resources

The resources we used as planned in the proposal. The only modification to the initial planning of the project was that we spent 1700 Euro on radiocarbon dating of five harp seal samples, which was not planned in the initial project. Obtaining these dates was crucial for the correct interpretation of the results. Radiocarbon dating was performed at the end of the project and paid from the money that we managed to safe based on a careful financial planning, so it did not require taking away resources from any other part of the project. 
DISSEMINATION ACTIVITIES
A. Presentation of the project results at conferences and other scientific events
1. Population Genetics Group Meeting (Nottingham, 4-7.01.2012) 


Oral presentation: Analysis of population genetic changes in four species of Baltic seals based on historical and subfossil samples.

2. Presentation of the project progress at the meeting of the Molecular Ecology Group at Durham University (15.02.2012)

3. Presentation as a part of the candidate selection process for a lecturer position at Stirling University (18.10.2011): “Conservation genetics and genomics of wild mammalian populations” - this presentation was an overview of my research with the stress on the ongoing project.

4. Presentation as a part of the candidate selection process for a lecturer position at Swansea University (16.03.2012): “Genes in motion - Population genetics of highly mobile mammals” - this presentation was an overview of my research with the stress on the ongoing project.

5. Presentation as a part of the candidate selection process for a lecturer position at Liverpool University (19.04.2012): “Molecular genetic methods in ecology and evolutionary biology of marine mammals” - this presentation was an overview of my recent research with the stress on the ongoing project.

6. Presentation as a part of the candidate selection process for a lecturer position at the University of Lincoln (17.05.2012; successful application): “Population genetic approaches to study ecology and evolution of wild mammals” - this presentation was an overview of my research with the stress on the ongoing project.

7. Presentation of the project at the meeting of the Molecular Ecology Group at Durham University (15.02.2012)
8. European Congress of Conservation Biology (Glasgow, 28.08-01.09.2012)


Oral presentation: Evolutionary history of four species of Baltic seals: understanding processes underlying population extinction or survival.

9. Presentation of project results at the meeting of the Molecular Ecology Group at Durham University (15.02.2012)
10. Presentation at the seminar of the Museum and Institute of Zoology, Polish Academy of Sciences (06.09.2012): On birth and death of a population: the short history of Baltic harp seals
11. Presentation at the seminar of the School of Life Sciences, the University of Lincoln (25.10.2012): On birth and death of a population: the short history of Baltic harp seals
B. Other dissemination activities
1. Informal talks about the project during the Biannual Conference on the Biology of Marine Mammals (Quebec City, Canada, 12-16.10.2009); this led to the establishment of collaboration with one of the most important project’s partners, Dr Olle Karlsson.
2. Informal talks about the project during visits in museum to collect the samples. This included discussions with researchers working on Baltic seals ecology, Dr Tero Harkonen (Swedish Natural History Museum) and Dr Risto Vainola (Finnish Natural History Museum).
C. List of publications and manuscripts

1. Abstracts in conference proceedings

Pilot M., Hoelzel A. R. (2012) Analysis of population genetic changes in four species of Baltic seals based on historical and subfossil samples. Proceedings of the 45th Population Genetics Group Meeting, Nottingham, 4-7 Jan 2012, p. 42.
Pilot M., Ukkonen P., Karlsson O., Hoelzel A. R. (2012) Evolutionary history of four species of Baltic seals: understanding processes underlying population extinction or survival. Proceedings of the 3rd European Congress of Conservation Biology (Glasgow, 28 Aug-1 Sept 2012).
2. Manuscripts in preparation
Pilot M., Makowiecki D., Moura A., Ukkonen P., Hoelzel A. R. (in prep.) On birth and death of a population: the short history of Baltic harp seals.

Pilot M., Ukkonen P., Moura A., Karlsson O., Hoelzel A. R. (in prep.) The ringed seal in the Baltic Sea – the history of an unexpected success.

Pilot M., Ukkonen P., Moura A., Karlsson O., Skora K, Pawliczka I, Makowiecki D., Daugnora, L., Hoelzel A. R. (in prep.) Evolutionary history of four species of Baltic seals: understanding processes underlying population extinction or survival.

Ukkonen P., Aaris-Sørensen K., Arppe L., Daugnora L., Halkka A., Lõugas L., Oinonen M., Pilot M., Storå J. (in prep.) An Arctic seal in temperate waters – History of the ringed seal (Phoca hispida) in the Baltic Sea and its adaptation to the changing environment.
PROJECT MANAGEMENT 

A. Project planning and status – from management point of view

The project was being performed according to the plan, with some small changes that were described above. The objectives of the project has been achieved, and all the parts of the project were delivered on time, except for a delay with obtaining radiocarbon dates (which was dependent on the external service) and the resulting delay with submission of manuscripts for review.
B. Problems which have occurred and how they were solved
We failed to amplify mtDNA for a number of radiocarbon-dated samples that we analysed. On the other hand, most of the samples for which we obtained mtDNA sequences have not been radiocarbon dated, and for some of them we did not have dating based on the archaeological or geological context, neither. This was resolved by using all the funds that have been saved on other task for radiocarbon dating of the most important samples, and by submitting an application for a separate funding for radiocarbon dating.
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