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 ● �hkgpIs]gh� �q<YX� �p<gQ<DYI�qQGjP� �jg<[hIEjh� �jP<j� �<gI� �hd<EIG� �gIY<jQpIYs� �EY]hI� �j]OIjPIg� �¥jsdQE<YYs� �h]�

�jP<j� �jPI� �IGOI� �]N� �jPI� �jg<[hIEj��Wkhj��hkgpIsIG��Qh��hjQYY� �pQhQDYI��j]��jPI��hkgpIs]g��]g��jPIQg��d<gj[Ig¡jPQh�

�GQhj<[EI�p<gQIh�D<hIG�][�jPI�P<DQj<j�hkgpIsIG�<[G�jPI�GIjIEj<DQYQjs�]N�jPI�j<gOIj�hdIEQIh¦��

 ● �hkgpIs]gh� �<jjIZdj� �j]� �Y]E<jI� �<YY� �g<gI� �dY<[j� �]EEkggI[EIh� �<[G� �PQOP�hkQj<DQYQjs� �g<gI� �dY<[j� �P<DQj<j�

�qQjPQ[� �<� �GINQ[IG� �k[Qj� �Q[� �<� �hshjIZ<jQE� �q<s� �¥I�O��� �Ds� �q<YXQ[O� �Q[� �<� �vQO�v<O� �d<jjIg[� �<Y][O� �YQ[I<g�

�NI<jkgIh��]g�Q[�<�E][j]kg�d<jjIg[�qPI[�hkgpIsQ[O�[][�YQ[I<g�NI<jkgIh¦��<[G�

 ● �hkgpIs]gh� �<jjIZdj� �j]� �jg<pIghI� �<� �gIdgIhI[j<jQpI� �Eg]hh�hIEjQ][� �]N� �<YY� �Y]q�hkQj<DQYQjs� �g<gI� �dY<[j�

�P<DQj<j�qQjPQ[�jPI�k[Qj��

�0PI� �P<DQj<j�GQgIEjIG� �ZI<[GIg� �hI<gEP� �dgINIgI[jQ<YYs� �E]pIgh� �PQOP�hkQj<DQYQjs� �IE]hshjIZh� �]pIg� �jPI� �Z]gI�

�E]ZZ][� �Y]q�hkQj<DQYQjs� �P<DQj<jh� �¥!<E�]kO<YY� �²� � ]]� �ÃÁÁÃ¦���� �0PI� �hkgpIs� �ZIjP]G� �Qh� �NY]gQhjQE� �Q[� �[<jkgI��

�ZI<[Q[O� �jP<j� �<YY� �dY<[j� �j<r<� �I[E]k[jIgIG��<gI��gIE]gGIG��<[G��QGI[jQNQIG��j]��<��YIpIY��[IEIhh<gs��j]��GIjIgZQ[I�

�jPIQg� �g<gQjs� �¥�"+� �ÃÁÂÃ¦���� ��kgjPIgZ]gI�� �jPI� �P<DQj<j�GQgIEjIG� �ZI<[GIg� �hI<gEP� �d<jjIg[� �Qh� �]N� �p<gQ<DYI�

�Q[jI[hQjs�� �hkEP� �jP<j� �qPI[� �<� �g<gI� �dY<[j� �]EEkggI[EI� �]g� �PQOP�hkQj<DQYQjs� �g<gI� �dY<[j� �P<DQj<j� �Qh� �Y]E<jIG�� �jPI�

�hkgpIs]gh��Q[EgI<hI��jPI��Q[jI[hQjs��]N��jPIQg��hkgpIs��Ds��[<gg]qQ[O��jPI��hd<EQ[O��]N��jPI��jg<[hIEj��d<jjIg[��jPIs��<gI�

�q<YXQ[O�� ��IdI[GQ[O� �][� �jPI� �XQ[G� �]N� �P<DQj<j� �DIQ[O� �hkgpIsIG� �<[G� �jPI� �GIjIEj<DQYQjs� �]N� �jPI� �j<gOIj� �g<gI�

�hdIEQIh��jPQh�E<[�gIfkQgI�pIgs�EY]hI��P<[Gh�<[G�X[IIh�hkgpIs�q]gX�Q[�h]ZI�<gI<h��

��]g� �EIgj<Q[� �YQ[I<g� �E]ggQG]gh� �jP<j� �jg<pIghI� �P<DQj<j� �qQjP� �<� �Y]q� �d]jI[jQ<Y� �N]g� �g<gI� �dY<[j� �]EEkggI[EI�� �jPI�

�D]j<[Qhjh� �GgQpI� �hY]qYs� �<Y][O��jPI��E]ggQG]g��Q[��<��1jQYQjs��0Igg<Q[��6IPQEYI��¥106¦��]g��jgkEX���hE<[[Q[O��D]jP��hQGIh�

�N]g� �g<gI� �dY<[jh� �<[G� �d]EXIjh� �]N� �PQOP�hkQj<DQYQjs� �g<gI� �dY<[j� �P<DQj<j�� �0PQh� �dg]EIGkgI� �Qh� �][Ys� �E][GkEjIG� �Q[�

�E]ggQG]gh��qPIgI��jPI��Z<W]gQjs��]N��P<DQj<j��Qh��Y]q�dg]D<DQYQjs���<[G��<j��<��hdIIG��]N��<ddg]rQZ<jIYs��Æ��XQY]ZIjgIh�

�dIg� �P]kg�� ��N� �PQOP�d]jI[jQ<Y� �g<gI� �dY<[j� �P<DQj<j� �Qh� �I[E]k[jIgIG¡hkEP� �<h� �qIjY<[Gh� �]g� �g]EX��]kjEg]dh¡jPI�

�hkgpIs]gh� �IrQj� �jPI� �pIPQEYI� �<[G� �hkgpIs� �jPI� �P<DQj<j� �][� �N]]j�� ��[� �ÃÁÂÆ�� �Æ�ÂÚ� �]N��jPI��j]j<Y��ÃÁÊ�É��XQY]ZIjgIh�

�jg<pIghIG� �q<h� �hkgpIsIG� �Ng]Z� �106� �<[G� �jPI� �gIhj� �q<h� �q<YXIG�� ��[� �ÃÁÂÇ� �][Ys� �Á�ÊÚ� �]N� �jPI� �j]j<Y� �ÂÊÂ�É�

�XQY]ZIjgIh��hkgpIs��GQhj<[EI��q<h��E]pIgIG��Ds��106����[��ÃÁÂÈ���[][I��]N��jPI��jg<[hIEjh��qIgI��hkgpIsIG��Ds��106����[�

�ÃÁÂÉ�� �ÂÅ�ÇÚ� �]N� �jPI��j]j<Y��ÅÁÊ�Ä��XQY]ZIjgIh��q<h��E]pIgIG��Ds��106��]g��jgkEX���<[G��Q[��ÃÁÂÊ���Ã�ÄÚ��]N��jPI��j]j<Y�

�ÃÆÁ�È��XQY]ZIjgIh��q<h��E]pIgIG��Ds��106��� QXIqQhI��Q[��ÃÁÃÁ���Ã�ÄÚ��]N��jPI��j]j<Y��ÄÃÃ�Ä��jg<[hIEj��XQY]ZIjgIh��qIgI�

�hkgpIsIG�Q[�jPQh�q<s��"]�E]ggQG]gh�qIgI�hkgpIsIG�Ds�106�Q[�ÃÁÃÂ��

��[��ÃÁÂÇ���hkgpIsh��qIgI��E][GkEjIG��qQjPQ[��jPI��.kjYIGOI��<[G��7QYGIg��gIIX��ZQjQO<jQ][��d<gEIYh���0PIhI��hkgpIsh�

�qIgI��GIhQO[IG��j]��dg]pQGI��<��OI[Ig<Y��]pIgpQIq��]N��jPI��g<gI��dY<[j��d]dkY<jQ][h��dgIhI[j��qQjPQ[��jPI��d<gEIYh���Q[�

�]gGIg� �j]� �Q[N]gZ� �ZQjQO<jQ][� �dY<[[Q[O�� ��h� �hkEP�� �jPIhI� �<gI<h� �qIgI� �hkgpIsIG� �<j� �<� �Y]qIg� �Q[jI[hQjs� �YIpIY��

�E]pIgQ[O� �<� �hZ<YYIg� �dIgEI[j<OI� �]N� �jPI� �hkQj<DYI� �P<DQj<jh� �jP<[� �Q[� �jPI� �<gI<h� �dg]d]hIG� �N]g� �GQhjkgD<[EI��

��YjP]kOP� �jPI� �P<DQj<j�GQgIEjIG� �ZI<[GIg� �hkgpIs� �jIEP[QfkI� �GIhEgQDIG� �<D]pI� �q<h� �khIG� �Q[� �jPI� �ZQjQO<jQ][�

�d<gEIYh��EIgj<Q[�<gI<h�]N�hkQj<DYI�P<DQj<j�qIgI�[]j�E]pIgIG��

��kgQ[O� �jPI� �NQIYGq]gX�� �jPI� �hkgpIs]gh� �E][hj<[jYs� �Z][Qj]g� �<YY� �<gI<h� �jg<pIghIG� �N]g� �EP<[OIh� �Q[� �P<DQj<j� �<[G�

�dY<[j��<hh]EQ<jQ][���<h��qIYY��<h��N]g��dgIpQ]khYs��k[gIE]gGIG��dY<[j��hdIEQIh��¥E]ZZ][��<[G��g<gI¦��� Qhjh��<gI��XIdj��]N�

�<YY��dY<[jh��<[G��dY<[j��E]ZZk[QjQIh��]DhIgpIG���k[X[]q[��hdIEQIh��<gI��E]YYIEjIG��N]g��Y<jIg��QGI[jQNQE<jQ][��Q[��jPI�

�Y<D����Y]D<Y��+]hQjQ][Q[O��/shjIZ��¥�+/¦��k[Qjh��<gI��khIG��j]��Z<gX��Y]E<jQ][��d]Q[jh��<h��<ddg]dgQ<jI���<[G��[]jIh��<[G�

���� ���+�$"/1 0�"�� 0��� �É� ������!��.��ÃÁ��ÃÁÃÂ�

https://sciwheel.com/work/citation?ids=4365569&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=4365580&pre=ANPC&suf=&sa=1


�ÃÁÃÂ��""1� �.�+$.0� �+.�$"/0.10�$"�.�.��+ �"0�/1.6�9/� �/�0��� ��"��"�.�9�+.$��0�

�dP]j]Og<dPh� �<gI� �j<XI[� �j]� �gIE]gG��dY<[jh��]N��Q[jIgIhj���Y<[GN]gZh��<[G��k[QfkI��NI<jkgIh���P<DQj<j��fk<YQjs��<[G�

�GQhjkgD<[EI��<[G�<gI<h�gIfkQgQ[O�NkgjPIg�hkgpIs��

�7PI[� �j<gOIj� �g<gI� �dY<[jh� �<gI� �N]k[G� �GkgQ[O� �jPI� �NQIYGq]gX�� �]EEkggI[EI� �Q[N]gZ<jQ][� �Qh� �I[jIgIG� �Q[j]�

�Ekhj]Z�DkQYj��GQOQj<Y��N]gZh��]g��gIE]gGIG��][��dgQ[jIG������g<gI��dY<[j��hkgpIs��N]gZh��¥����ÃÁÂÃ¦�����7PIgI�

�d<dIg��N]gZh��<gI��khIG���jPI��Q[N]gZ<jQ][��Qh��Y<jIg��jg<[hEgQDIG��Q[j]��GQOQj<Y��N]gZ<j��j]��N<EQYQj<jI��<[<YshQh��]N��jPI�

�hQjIh�� �+P]j]Og<dPh��<gI��j<XI[��]N��D]jP��jPI��Q[GQpQGk<Y��dY<[jh��<[G��jPI��hkgg]k[GQ[O��P<DQj<j���][hQhjI[j��qQjP�

�jPI� ����� �.Ih]kgEI���[N]gZ<jQ][��/j<[G<gGh��]ZZQjjII��OkQGIYQ[Ih��<[G��jPI��g<gI��dY<[j��hkgpIs��OkQGIYQ[Ih��][�

�jPI����������Y]g<��qIDhQjI��<��p]kEPIg��hdIEQZI[��Qh��E]YYIEjIG��qPIgI��dIgZQjjIG��Ds��jPI��Y<[G]q[Ig���<[G��qPI[�

�G]Q[O� �h]� �q]kYG� �[]j� �E]Zdg]ZQhI� �jPI� �pQ<DQYQjs� �]N� �jPI� �d]dkY<jQ][� �¥.���ÂÊÊÊ���+I[[s��²���YQ[XI[DIgO��ÃÁÂÃ��

�!$�/� ��E]hshjIZh� ��g<[EP� �ÃÁÂÉ¦���� ��j� �I<EP� �p<hEkY<g� �g<gI� �dY<[j� �hQjI�� ��+/� �k[Qjh� �<gI� �khIG� �j]� �gIE]gG��jPI�

�D]k[G<gs�]N�jPI�]EEkggI[EI�j]�N<EQYQj<jI�ZQjQO<jQ][�dY<[[Q[O��

��IYQZQj<jQ][� �]N� �]EEkggI[EIh� �Qh� �D<hIG� �][� ��� ��<DQj<j��<hIG� �/jg<jIOs� �N]g� ��IYQZQjQ[O� �+Y<[j� ��YIZI[j�

�$EEkggI[EIh� �¥"<jkgI/IgpI� �ÃÁÁÅ¦���� �0PI���YIZI[j��$EEkggI[EI��¥�$¦��Qh��<��Nk[G<ZI[j<Y��k[Qj��]N��Q[N]gZ<jQ][��Q[�

�jPI�����hshjIZ���<[G��Qh��GINQ[IG��<h���<[��<gI<��]N��Y<[G��<[G�]g��q<jIg��Q[��qPQEP��<��hdIEQIh��]g��[<jkg<Y��E]ZZk[Qjs�

�Qh�� �]g� �q<h� �dgIhI[j��� �¥"<jkgI/IgpI� �ÃÁÁÃ¦���� ��<hIG� �][� �jPI� �"<jkgI/IgpI� �OkQG<[EI�� �g<gI� �dY<[jh��<gI��jsdQE<YYs�

�Og]kdIG� �Q[j]� �<� �hQ[OYI� �]EEkggI[EI� �qPI[� �jPIs� �<gI� �Y]E<jIG� �EY]hIg� �jP<[� �][I� �XQY]ZIjgI� �Ng]Z� �<[]jPIg�

�Q[GQpQGk<Y� �]N� �jPI� �h<ZI� �hdIEQIh�� ��[� �h]ZI� �E<hIh�� �]EEkggI[EIh� �<gI� �E]Zd]hIG� �]N� �jq]� �]g� �Z]gI� �GQhEgIjI�

�d<jEPIh¡<Yh]� �gINIggIG� �j]� �<h� ��hQjIh�� �Q[� �jPQh� �gId]gj¡hdgI<G� �]kj� �]pIg� �<� �Y<gOI� �<gI<�� �0PIhI� �d<jEPIh� �<gI�

�Z<ddIG� �hId<g<jIYs� �j]� �N<EQYQj<jI� �ZQjQO<jQ][� �dY<[[Q[O�� �Dkj��<gI��gIE]gGIG��<h��<��hQ[OYI��]EEkggI[EI��qPI[��jPI�

�d<jEPIh�<gI�EY]hIg�jP<[�][I�XQY]ZIjgI�j]�I<EP�]jPIg��

�0PI� �D]j<[Qhjh� �E][GkEjQ[O� �jPI� �ÃÁÂÊ�� �ÃÁÃÁ�� �<[G��ÃÁÃÂ��dgIE][hjgkEjQ][��hkgpIsh��qIgI��<Yh]��q]gXQ[O��][��jPI�

�/QjI� ����rdIgQZI[j<Y��.<gI��+Y<[j��0g<[hY]E<jQ][��dg]Og<Z��<j��jPI��jQZI���hIYIEjQ[O��<[G��G]EkZI[jQ[O��d]jI[jQ<Y�

�gIEQdQI[j� �hQjIh� �N]g� �jg<[hY]E<jQ][� �]kjdY<[jQ[O�� �7PI[� �[Iq� �g<gI� �dY<[j� �hQjIh� �qIgI� �N]k[G� �GkgQ[O� �d]jI[jQ<Y�

�gIEQdQI[j��hQjI��hIYIEjQ][��q]gX���jPIs��qIgI��G]EkZI[jIG��khQ[O��jPI��h<ZI��ZIjP]Gh��<h��GIhEgQDIG��<D]pI����YY��]N�

�jPI��[Iq��g<gI��dY<[j��hQjIh��N]k[G��GkgQ[O��jPI��hkgpIs��q]gX��N]g��IQjPIg��dg]Og<Z��<gI��gId]gjIG��PIgI��j]��dg]pQGI��<�

�hQ[OYI�G]EkZI[j�jP<j�E][j<Q[h�<YY�jPI�[Iq�g<gI�dY<[j�hQjIh��
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��Ã�Ä���!QjQO<jQ][�+Y<[[Q[O�<[G��ZdYIZI[j<jQ][��hhQhj<[EI�

��[��EIgj<Q[��dgQ]gQjs��E<hIh���qPIgI��g<gI��dY<[j��]EEkggI[EIh��<gI��hQjk<jIG��Q[��]g��[I<g��+g]WIEj��E][hjgkEjQ][��v][Ih��

�jPI� �D]j<[Qhjh� �q]gX� �qQjP� ��� ��sGg]� �dY<[[Q[O� �jI<Zh� �<[G� �E][jg<Ej]gh� �j]� �GIpIY]d� �ZQjQO<jQ][� �ZI<hkgIh�

�GIhQO[IG� �j]� �gIGkEI� �]g� �IYQZQ[<jI��QZd<Ejh��j]��jPI��]EEkggI[EIh���0PQh��j<XIh��dY<EI��][��<[��<h�[IIGIG��D<hQh��Q[�

�hQjk<jQ][h��qPIgI��<��hdIEQIh��Qh��d<gjQEkY<gYs��GQNNQEkYj��j]��QGI[jQNs��Q[��jPI��NQIYG���]g��jPI��Y<s]kj��]N��jPI��]EEkggI[EI��Qh�

�E]ZdYIr� �<[G� �GQNNQEkYj� �j]� �Z<d� �][� �jPI� �Og]k[G�� �0PI� �ZQjQO<jQ][� �ZI<hkgIh� �GIpIY]dIG� �<gI� �N]EkhhIG� �][�

�<p]QG<[EI� �]g� �QZd<Ej� �gIGkEjQ][�� �<[G��Q[EYkGI��NY<OOQ[O��]EEkggI[EIh��Q[��jPI��NQIYG���E]]gGQ[<jQ[O��qQjP��][�hQjI�

�E][hjgkEjQ][�dIgh][[IY��<[G�<hhQhjQ[O�g<gI�dY<[j�h<Yp<OI�]dIg<jQ][h��

��[��<GGQjQ][���N]g��][I��.IG�YQhjIG��hdIEQIh��E][NQgZIG��N]g��jPI��dg]WIEj��<gI<��Q[��ÃÁÂÉ¡��/IY<OQ[IYY<��gkdIhjgQh��¥g]EX�

�hIY<OQ[IYY<¦¡<�hIj�]N�ZQjQO<jQ][�]djQ][h�qIgI�GIpIY]dIG�N]g�<YY�X[]q[�]EEkggI[EIh�Q[�jPI�.����

��Ã�Å����[<YshQh�

��h��NQIYG��G<j<��<gI��E]YYIEjIG���jPIs��<gI��QZd]gjIG��Q[j]��jPI��Z<hjIg��g<gI��dY<[j��hd<jQ<Y��G<j<D<hI��][��<��G<QYs��D<hQh��

�0PQh� �Q[EYkGIh� �g<gI� �dY<[j��]EEkggI[EI��Q[N]gZ<jQ][���hkgpIs��jg<[hIEj��g]kjIh���<[G��NQIYG��[]jIh���]YYIEjIG��G<j<�

�<gI��I[EgsdjIG��<[G��hIEkgIG��qQjP��ZkYjQ�N<Ej]g��<kjPI[jQE<jQ][��dg]j]E]Yh���0PI��Q[N]gZ<jQ][��<[G��NQIYG��dP]j]h�

�<gI�D<EXIG�kd�[QOPjYs�j]�hIEkgI�]NN�hQjI�hIgpIgh��
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�<��hjIId���]dI[�h]QYIG��Og<hhY<[G��PQYYEgIhj��<D]pI���QOPq<s��ÃÊ��[I<g���I<g���Y<j���$[I��dY<[j��q<h��Q[��NgkQj��Dkj��jPI�

�gIZ<Q[GIg��IQjPIg��P<G��[]j��NgkQjIG��]g��qIgI��d<hj��jPI��NgkQjQ[O��hj<OI����hh]EQ<jIG��hdIEQIh��Q[EYkGIG��Y]q��hPgkDh�
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�<ddg]rQZ<jIYs�ÇÄÆ�ZIjgIh�j]�jPI�qIhj�Q[�]dI[�<gI<h�]N�jPI�h<ZI�QhY<[G��

��� �hIE][G� �[Iq� �d<jEP� �]N� �<[� �IhjQZ<jIG� �ÆÁ� �dY<[jh� �Q[� �DY]]Z� �q<h� �N]k[G� �Q[� �<[� �<ddg]rQZ<jI� �<gI<� �]N� �Â�ÈÊÆ�

�hfk<gI� �ZIjgIh� �][� �<[� �QhY<[G� �Q[� �jPI� �+I<EI� �.QpIg� �IQOPj� �XQY]ZIjgIh� �G]q[hjgI<Z� �Ng]Z� �0<sY]g�� ����� �0PI�

�Y]E<jQ][��]N��jPQh��[Iq��d<jEP��ZIgOIG��jq]��dgIpQ]khYs�G]EkZI[jIG��]EEkggI[EIh��Q[j]��][I��Y<gOI��]EEkggI[EI��]N�

�N]kg� �hId<g<jI� �d<jEPIh�� �0PI� ��<pQh�� �Y]E]qIIG� �dY<[jh� �qIgI��Og]qQ[O��Q[��<��hd<ghIYs��pIOIj<jIG��E]DDYI�h]QYIG�

�]dI[Q[O�Q[�I<gYs�hIg<Y�D<Yh<Z�d]dY<g��

�0PIgI��<gI��<��j]j<Y��]N��ÃÈ��]EEkggI[EIh��]N���<pQh���Y]E]qIIG��¥Q[��ÅÁ��d<jEPIh¦��gId]gjIG��Q[��jPI��.������[��IhjQZ<jIG�

�ÈÁ�ÁÁÁ� �dY<[jh� �P<pI� �DII[� �gIE]gGIG� �Q[� �<[� �<ddg]rQZ<jI� �j]j<Y� �<gI<� �]N� �ÂÄ� �PIEj<gIh�� �"Q[IjII[� �]N� �jPI�

�]EEkggI[EIh� �P<pI� �DII[� �G]EkZI[jIG� �Ng]Z� �<Y][O� �jPI� �+I<EI� �.QpIg�� �<[G� �Z<[s� �]N� �jPIhI� �hQjIh� �E][j<Q[�

�Pk[GgIGh��]g��jP]kh<[Gh��]N��Q[GQpQGk<Yh��<[G��E]pIg��gIY<jQpIYs��Y<gOI��<gI<h��]N��Og]k[G����]kg��]EEkggI[EIh��P<pI�

�DII[��]DhIgpIG��<Y][O��jPI���<YNq<s��.QpIg���<[G��jPgII��][��jPI��+Q[I��.QpIg��[I<g��Qjh��E][NYkI[EI��qQjP��jPI��+I<EI�

�.QpIg�� �0PIgI� �Qh� �<Yh]� �][I� �PQhj]gQE<Y� �gIE]gG� �]N� ��<pQh�� �Y]E]qIIG� �][� �jPI� �+Q[I��.QpIg��<j���QOPq<s��ÊÈ���]pIg��ÆÁ�

�XQY]ZIjgIh�j]�jPI�h]kjP�¥[]j�gIE][NQgZIG�hQ[EI�jPI�ÂÊÆÅ�gId]gj¦��

��rEIdj��N]g��jPI��PQhj]gQE<Y��gIE]gG��][��jPI��+Q[I��.QpIg���<YY���<pQh���Y]E]qIIG��]EEkggI[EIh��Q[��jPI��.����P<pI��DII[�

�Z<ddIG� �qQjPQ[� �ÅÁÁ� �ZIjgIh� �]N� �EkggI[j� �gQpIg� �hP]gIYQ[Ih�� �][� �[][�<EjQpI� �E]DDYI� �D<gh���NY]]GdY<Q[h��]g��gQpIg�

�DI[EPIh�� ��<DQj<j� �<j� �jPI��Z<W]gQjs��]N��hQjIh��Qh��hQZQY<g���E][hQhjQ[O��]N��]dI[���]NjI[��D<gI��E]DDYI�hQYj��hkDhjg<jIh�

�<[G��s]k[O��j]��ZIGQkZ�<OIG��D<Yh<Z��d]dY<g���$jPIg��<hh]EQ<jIG��hdIEQIh��Q[EYkGI��<��gIY<jQpIYs��hd<ghI��E]pIg��]N�

�[<jQpI� �<[G� �qIIGs� �PIgDh� �hkEP� �<h� �EPQEX�dI<��ZQYX�pIjEP���sIYY]q��Z]k[j<Q[�<pI[h��¥���gs<h��GgkZZ][GQQ��¦��<[G�

�hqIIj�EY]pIg� �¥��!IYQY]jkh� �hdd�¦� �<h� �qIYY� �<h� �fk<EXOg<hh�� �hYI[GIg� �qPI<jOg<hh�� �<[<G<��qQYGgsI��¥���YsZkh� �hdd�¦�

�<[G��]jPIg��hdIEQIh��]N��Y]E]qIIGh���0PI��[]j<DYI��IrEIdjQ][h��j]��jPQh��I<gYs��hIg<Y��P<DQj<j��<gI��][I��]EEkggI[EI��]N�

��<pQh��Y]E]qIIG�][�<�N]gIhjIG�DIGg]EX�hP]gIYQ[I��<[G�jPgII�d<jEPIh�Q[�Z<jkgI�NY]]GdY<Q[�N]gIhj��
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�jPI��/Eg]dPkY<gQ<EI<I��¥NQOq]gj��N<ZQYs¦¡jP<j��Q[P<DQjh��ZIhQE��j]��Ggs��dY<Q[h��<[G��Og<hhY<[Gh��¥�QjEPE]EX��Ij��<Y��
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�]N��EI[jg<Y��"]gjP���ZIgQE<���Dkj��Q[�������Qh��gIhjgQEjIG��j]��jPI��+I<EI��.QpIg��<gI<��¥�QjEPE]EX��Ij��<Y���ÂÊÆÊ������
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�X[]q[��j]��]EEkg���][Ys��N]kg��g<[X��hYI[GIg��dI[hjIZ][��qQjP��<[s��GIOgII��]N��g<gQjs¡!<[Qj]D<��<[G��7s]ZQ[O��<h�

�/Ä�¥6kY[Ig<DYI¦��<[G��]q<�<[G�!QEPQO<[�<h�/Â�¥gQjQE<YYs��ZdIgQYYIG¦��¥"<jkgI/IgpI�ÃÁÃÂ¦����

��]kg��[Iq��hQjIh��]N��hYI[GIg��dI[hjIZ][��qIgI��GQhE]pIgIG��Q[��jPI��hjkGs��<gI<��Q[��ÃÁÃÂ������hZ<YY��]EEkggI[EI��q<h�

�gIE]gGIG��][��<��[<gg]q��h]kjPqIhj�N<EQ[O��gQGOI��qIhj��]N��<EPI��gIIX���Q[��<��Og<hhY<[G��<[G��q]]GY<[G��Z]h<QE��

��IgI���ÂÁ��hYI[GIg��dI[hjIZ][��dY<[jh��Q[��I<gYs��NY]qIg��qIgI��N]k[G��Og]qQ[O��Q[��<[��<gI<��]N��Æ�Ç��hfk<gI��ZIjgIh��

�0PQh��]EEkggI[EI��Qh��qQjPQ[��jPI��gQOPj�]N�q<s��]N��<��[IqYs�E][hjgkEjIG��hIOZI[j��]N���QOPq<s��ÃÊ��¥[]j��sIj��Q[��khI¦��

����hIE][G��hZ<YY��]EEkggI[EI��q<h��G]EkZI[jIG��][��<��hjIId���h]kjP�N<EQ[O��PQYYEgIhj��<D]pI���QOPq<s��ÃÊ��I<hj��]N�

��I<g���Y<j���"Q[I��hI[IhEI[j��hYI[GIg��dI[hjIZ][��dY<[jh��qIgI��]DhIgpIG��Q[��<[��<gI<��]N��<ddg]rQZ<jIYs��Ã��hfk<gI�

�ZIjgIh��

�0PI� �gIZ<Q[Q[O� �jq]� �[Iq� �hQjIh� �]N� �hYI[GIg� �dI[hjIZ][� �qIgI� �GIjIgZQ[IG� �j]� �DI� �IrjI[hQ][h� �]N�

�dgIpQ]khYs�gId]gjIG� �]EEkggI[EIh�� ��� �d<jEP� �]N� �ÂÉ� �NY]qIgQ[O� �<[G��pIOIj<jQpI��dY<[jh��]pIg��<ddg]rQZ<jIYs��ÃÊ�

�hfk<gI� �ZIjgIh� �q<h� �Y]E<jIG� �][� �<� �hjIId� �Og<hhY<[G� �]dI[Q[O� �qIhj� �]N� �7<jh][� �/Y]kOP�� �jPQh� �hQjI� �Qh� �Q[� �jPI�
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EXECUTIVE SUMMARY 

BC Hydro’s quarry on Portage Mountain, which has been operating since 2019, supplies blast rock and fill 
materials for the Site C Clean Energy Project. The quarry is close to rock crevice habitat that is highly 
suitable for bats and is used by federally designated at-risk bat species. The Portage Mountain quarry 
operates under spatial and temporal constraints intended to minimize impacts on bats and bat habitat. 
Starting in 2016, BC Hydro undertook bat monitoring as part of its bat mitigation and monitoring plan, with 
the objective of collecting data to identify and characterize impacts to bats and bat habitat due to quarry 
construction and assess the effectiveness of mitigation. Mitigation included a 300-m spatial setback 
between all quarry activities and the approximate locations of crevices identified as potential hibernacula, 
and temporal constraints on blasting. Annual reports of monitoring results have been produced since 2016. 
This report contains the results of 2020-2021 monitoring, as well as statistical analyses of data collected 
since 2017 to assess temporal trends in bat activity and potential impacts of blasting on bat activity.  

Bats have been monitored year-round between 2017 and 2021 (spring and fall monitoring occurred in 2016) 
using two types of data: emergence count data and data from acoustic detectors. Emergence counts were 
used to monitor two suspected maternity roosts. Detectors were used to provide continuous, long-term 
monitoring of bat activity at Portage Mountain. Noise and vibration produced by quarry activities 
(including blasting) were periodically monitored to assess compliance with thresholds recommended in 
Best Management Practices (BMP) for Bats in British Columbia.  

The monitoring results indicate noise and vibration produced from the quarry appear to have remained 
below the provincial thresholds. Analysis of bat activity data from acoustic detectors and bat emergence 
counts is challenging due to the high variability inherent in bat activity data, which can make it difficult to 
confidently identify trends or causal relationships. In addition, few baseline data were collected before 
quarry development and operation began. While some trends and correlations were identified in this report, 
conclusions based on those results are presented with caution due to the nature of the data and missing 
data due to equipment malfunctions.  

The numbers of bats counted at roost sites over the years show that bats continue to use roost sites in 
the cliffs adjacent to the quarry based on annual surveys, and a maternity roost discovered during baseline 
surveys continues to provide functional habitat. An average of 40.5 bats had been counted exiting maternity 
roost 9247G during early-period roost surveys in 2018. Average emergence counts in subsequent years 
did not reach the peak observed in early 2018 and were variable, but appear to have generally declined, 
particularly in 2020 and 2021. There are insufficient data to assess the statistical significance of the 
differences and it is unknown whether the changes in numbers are due to effects from the quarry or 
represent natural variation in roost use.  

Based on the results of acoustic analysis, bat species composition did not change between years. 
The relationship between bat acoustic activity data and temperature, precipitation, and year were modelled 
for different bat life stages to test for declines in bat activity related to quarry use, while controlling for 
weather conditions. The results indicate bat activity varied between years.  



BC Hydro 
Site C Wildlife Monitoring – Portage Mountain Bat Studies: 2020 and 2021 Annual Report  Project No. 989619-10 

 April 2022 Page | ii 

220414_BCH_SiteC_PortageMt_AnnualReport_2020_21_Final_v2.2.docx 

Summer activity showed a statistically significant decline in 2018 relative to 2017; however, changes in 
activity were not significantly different from 2017 in 2019 to 2021. Fall activity showed statistically significant 
declines in 2018 and 2019 relative to 2017, and a statistically significant increase in 2021 relative to 2017. 
Bat activity showed a statistically significant negative relationship to blasting occurrence during the fall 
period. Swarming, based on a peak of bat activity in late summer or early fall, could not be detected in 2019 
or 2020 but was detected in 2021. Data were insufficient to determine a swarming period in 2017 or 2018. 
Bat activity during the hibernation period showed a statistically significant decline in 2018, 2019 and 2021 
relative to 2017, despite no blasting occurring during the hibernation period. Bat activity in summer showed 
a statistically significant positive relationship with blasting occurrence, but that result is suspected to be due 
to an unmeasured confounding variable. There were too few data to test for potential impacts on acoustic 
bat activity during the emergence period. Bats selecting tree roosts within the 300-m spatial setback 
distance from the quarry may be subject to higher noise levels compared to bats using the rock crevice 
roosts outside that buffer. 

Recommendations are provided to continue data collection to increase the quality and quantity of 
monitoring data to support additional analysis of quarry impacts. BC Hydro has no further plans for 
production blasting at Portage Mountain Quarry and plans to conduct additional monitoring. Considering 
the statistically significant negative relationship between bat activity and blasting occurrence in fall, it is 
recommended that to be precautionary, the no-blasting period for future mining and quarry projects 
in proximity to high-suitability bat hibernating habitat should be extended to include the swarming period 
(i.e., starting September 1).   

This work was performed in accordance with 579005 between Hemmera Envirochem Inc. (Hemmera), 
a wholly owned subsidiary of Ausenco Engineering Canada Inc., and BC Hydro (Client), dated 21 June 
2016 (Contract). This report has been prepared by Hemmera, based on fieldwork conducted by Hemmera, 
for sole benefit and use by BC Hydro. In performing this work, Hemmera has relied in good faith on 
information provided by others and assumes that information provided is complete and accurate. This work 
was performed to current industry standard practice for similar environmental work, within the relevant 
jurisdiction. The findings presented herein should be considered within the context of the scope of work and 
the findings are considered valid only at the time the report was produced. The conclusions and 
recommendations contained in this report are based upon the applicable guidelines, regulations, and 
legislation existing at the time the report was produced. This Executive Summary is not intended to be 
a stand-alone document, but a summary of findings as described in the following Report. It is intended to 
be used in conjunction with the scope of services and limitations described therein. 
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1.0 INTRODUCTION 

Portage Mountain, approximately 15 kilometres (km) west of Hudson’s Hope in northwestern BC (Figure 1), 
is the site of a quarry developed to supply the construction of the Site C Clean Energy Project in the Peace 
River valley. The Portage Mountain Quarry provides riprap material used for constructing the Highway 29 
realignment and protecting the shoreline along the Peace River near Hudson’s Hope during the eventual 
filling of the reservoir.  

Baseline studies for the Site C Clean Energy Project (Andrusiak 2014; Simpson et al. 2013) as well as 
subsequent surveys (Sarell and Alcock 2017) identified cliff faces at Portage Mountain as hibernation and 
roosting habitat for bats, including two at-risk bat species: little brown myotis (Myotis lucifugus) and northern 
myotis (Myotis septentrionalis) are listed as endangered on Schedule 1 of the Species at Risk Act (SARA). 
Disturbance of bats during winter may cause them to arouse from hibernation and repeated arousals in 
response to disturbance are considered detrimental to their survival (Boyles 2017; Sheffield et al. 1992; 
Thomas 1995). 

The potential effects of development and operation of the Portage Mountain Quarry (Figure 2.1) on nearby 
bats were assessed in the Site C Environmental Impact Statement (BC Hydro 2013) and monitoring and 
mitigation for bats is required by the provincial Environmental Assessment Certificate, the Federal Decision 
Statement, and Schedule A of the Project’s conditional water licences. BC Hydro has implemented 
mitigation (BC Hydro 2020) to minimize the potential for impacts on bats, including the following: 

• spatial setback of quarry activities from roost sites;  
• temporal restrictions on high-intensity noise or vibration (i.e., blasting) from 15 September to 

15 May to avoid disturbing bats during winter hibernation.  

The objective of monitoring bat activity at Portage Mountain is to collect data to ‘help identify and 
characterize any impacts to bats and bat habitat due to the construction and operation of Portage Mountain 
Quarry’, as described in the Bat Mitigation and Monitoring Plan (BC Hydro 2020), which allows the efficacy 
of mitigation and previous predictions of impacts to be tested. Bat activity monitoring at Portage Mountain 
used the following general approaches:  

• monitoring of noise and vibration from construction activities, including blasting, to assess whether 
the disturbance is within best management practices (BMP) guidelines (BC Ministry of Environment 
2016c) and evaluate whether there are significant relationships with bat activity patterns 
(Section 4.2).  

• emergence counts (Section 4.3.1 and Appendix D) at identified maternity roosts (9427G and 
6287F; Figure 2.1). 

• additional emergence counts at roosts not yet determined to be occupied by maternity colonies 
(Section 4.3.1 and Appendix D). 

• roost monitoring using remote logger devices (Section 4.3.2) to sample activity, temperature, and 
humidity at the identified maternity roosts. 

• long-term, year-round passive acoustic monitoring (Section 4.4) using remote bat detectors at 
the north and south cliffs and near the quarry. Data from acoustic monitoring provide ongoing 
documentation of bat species presence and activity to assess seasonal and year to year changes 
in bat activity and potential effects of quarry operation on bat activity and species presence.  

This report summarizes the results of bat monitoring at Portage Mountain from late summer 2017 to fall 
2021 undertaken to meet the objectives of the Bat Mitigation and Monitoring Plan (BC Hydro 2020).  
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2.0 STUDY AREA 

The study area has been described in Hemmera (2020) and is briefly summarized here. The bat monitoring 
study area (Figure 2.1) includes the quarry (BC Hydro 2020) and the adjacent cliffs to the north and south 
within approximately 750 metres (m) of the quarry. This study area has the following characteristics 
indicative of potential bat hibernacula (BC Ministry of Environment 2016a, 2016b; Nagorsen et al. 1993): 

• large and exposed (i.e., sparsely vegetated) rock features that gain and maintain solar insolation 
and have numerous crevices; and 

• deep crevices and caves (including mine adits) that provide cool and stable temperatures and high 
humidity for hibernating bats. 

The Portage Mountain cliffs are located within boreal forest dominated by hybrid white spruce 
(Picea engelmannii x glauca) and trembling aspen (Populus tremuloides). The two main areas of cliff 
(north and south) are separated by an unnamed creek gully that drains into Dinosaur Reservoir. A stand of 
mature balsam poplar (Populus balsamifera) is present within the gully.  Development of the Portage 
Mountain quarry, located on the south side of the creek gully, began in 2017 with clearing and access road 
construction. Production blasting and extraction of quarry rock began in the summer of 2019. Further details 
of quarry activities are provided in Section 3.3. The site is accessed by a forestry road (400 Road).   



Pa
th

: S
:\G

eo
m

at
ic

s\
P

ro
je

ct
s\

98
96

19
\1

0_
po

rta
ge

_m
tn

_b
at

s\
m

xd
\F

ig
2_

1_
98

96
19

_1
0_

P
or

ta
ge

M
tn

B
at

s_
D

et
ec

to
rL

oc
at

io
ns

_2
20

21
0.

m
xd

Production Date: Feb 10, 2022

Page Size: 11"  x 17"

989619-10 Figure 2.1

NAD 1983 UTM Zone 10N

1. All mapped features are approximate and should be used for discussion
purposes only.
2. This map is not intended to be a “stand-alone” document, but a visual aid
of the information contained within the referenced Report. It is intended to
be used in conjunction with the scope of services and limitations described
therein.

- Base Data: BC Hydro, 2017
- Aerial Image: ESRI World Imagery
- Inset Basemap: ESRI World Topographic Map

!
!

!
!

!!
!

!
!

+

#*

#*

#*

#*

#

#

#

#

#

*

*

*

*

*

$

$+

AREA 2/3: SORTING,
STOCKPILING,
AND LOADING

AREA 1:
SORTING AND

LAYDOWN

Notes

Sources

Study Area and Bat Detector Locations
for Portage Mountain Bat Monitoring

Site C Clean Energy Project
Wildlife Mitigation and Monitoring Services

Site Location

WEATHER
STATION

0 10 20

Kilometres

Legend

±
1:6,000

0 50 100 150 200 250

Metres

#* Permanent Bat Detector
#* Bat Detector (Historic)
#* Short-Term Bat Detector
$+ Confirmed Maternity Roost

Potential Hibernacula
$+ Potential Maternity Roost

#*Roost Logger
Weather Station

! ! ! Security Fencing
In Quarry Access Road
Quarry Haul Road
Stockpile Road
Site Boundary
Potential Hibernacula - 300m Buffer
Portage Mountain LOO
Stripping/Overburden Stockpile Area
Quarry Road
Stockpile & Sort Area
Quarry Development Area
Grubbing Area by BC Hydro
Clearing Area by BC Hydro
Area 1: Sorting and Laydown
Area 2/3: Sorting, Stockpiling, and Loading

#*

#

#

*

* PM-TAL

PM-C-NH

PM-D-NH

+

#*

#*

#

#

*

*

$

$+

9427G

6287F

279-SH

294-SH

RL2

RL1

0 20 40

Metres

0 20 40

Metres

South Cliff
Detectors 2

North Cliff
Detectors

See South Cliff Inset 2

See North Cliff Inset

#*

#*

FWCP_2016

PM-S3

0 20 40

Metres

South Cliff
Detectors 1

See South Cliff Inset 1



BC Hydro  
Site C Wildlife Monitoring – Portage Mountain Bat Studies: 2020 and 2021 Annual Report  Project No. 989619-10 
 

 April 2022 Page | 4 

220414_BCH_SiteC_PortageMt_AnnualReport_2020_21_Final_v2.2.docx 

3.0 BACKGROUND 

Bat studies were conducted from 2012 to 2014 at Portage Mountain to support the development of 
the Environmental Impact Statement for the Site C Clean Energy Project. Those studies determined that 
some rock features in the vicinity of the proposed quarry area were highly suitable for hibernating bats 
(Andrusiak 2014). Two at-risk bat species are known present at Portage Mountain and very likely 
hibernating based on the dates of detections: little brown myotis (Myotis lucifugus) and northern myotis 
(Myotis septentrionalis). Both species are listed as endangered on Schedule 1 of the Species at Risk Act 
(SARA) and both have been confirmed to use rock crevices for hibernation (COSEWIC 2013; White et al. 
2020). The results of the previous surveys and the characteristics of the habitat led to the determination 
that rock crevices used by little brown myotis and northern myotis for hibernation at Portage Mountain meet 
the criteria for critical habitat under SARA (COSEWIC 2013). Six other bat species have been recorded at 
Portage Mountain, at least four of which are likely hibernating and all of which may be using maternity 
roosts (trees and rock crevices) in the vicinity (Table 3.1).  

Table 3.1 Bat Species* Previously Recorded** at Portage Mountain 

English Name Scientific Name BC Status SARA Schedule 1 
Status Winter Behaviour 

Long-eared myotis Myotis evotis Yellow None Hibernate 

Little brown myotis  Myotis lucifugus Yellow Schedule 1 
Endangered Hibernate 

Northern myotis Myotis septentrionalis Blue Schedule 1 
Endangered Hibernate 

Long-legged myotis Myotis volans Yellow None Hibernate 
Silver-haired bat Lasionycteris noctivagans Yellow None Hibernate / Migrate 
Eastern red bat Lasiurus borealis Unknown None Migrate 
Hoary bat Lasiurus cinereus Yellow None Migrate 
Big brown bat Eptesicus fuscus Yellow None Hibernate 

*English and scientific names are those used by the BC Conservation Data Centre (2021) 
**(Andrusiak 2014; Hemmera 2018, 2020; Sarell and Alcock 2017) 

The bat studies conducted since 2014 (Andrusiak 2014; Hemmera 2018, 2020; Sarell and Alcock 2017) 
used a combination of passive acoustic surveys and emergence surveys to build an understanding of bat 
activity and habitat use, and provide evidence that bats are using Portage Mountain rock crevices for 
the following: 

• hibernacula in the winter (typically both sexes, likely in small groups); 

• maternity roosts in the summer where breeding females congregate to gestate, give birth, and raise 
young; and, 

• day roosts in the spring, summer, and fall, used by single individuals or small groups of males or 
of non-reproductive females. 

BC Hydro prepared a bat monitoring plan in 2017, which was updated in 2020 (BC Hydro 2020) with input 
from the Vegetation and Wildlife Technical Committee.  
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The ongoing bat monitoring program at Portage Mountain (Table 3.2) consists of: 

• year-round acoustic monitoring; 
• emergence counts at maternity roosts during the summer; 
• monitoring of noise and vibration produced by quarry operation; and, 
• monitoring of temperature and humidity at two roost locations (initiated in 2020). 

Monitoring studies (Hemmera 2018, 2020) have been designed to determine the efficacy of mitigation 
implemented during construction and operation of the quarry to reduce the disturbance or displacement of 
bats that use rock crevices as maternity roosts and/or hibernacula (Figure 2.1; Figure 3.1; Table 3.2).  

Table 3.2 Bat Monitoring Program Components Conducted at Portage Mountain  

Monitoring Activity 2017 2018 2019 2020 2021 

Passive acoustic bat activity X X X X X 
Maternity roost emergence 
counts / roost inspection X X X X X 

Temperature and humidity  – – – X X 
Noise and vibration  – X X X X 

Note:  X = surveys were conducted, – = surveys were not conducted. 

3.1 Quarry Noise and Vibration Mitigation Thresholds 

There have been very few field tests of the actual impacts of blasting noise and vibration on hibernating 
bats (e.g., West Virginia Department of Environmental Protection, Office of Explosives and Blasting 2006). 
Best Management Practices (BMP) for Bats in British Columbia (BC Ministry of Environment 2016c) 
recommends that high-intensity activities, such as blasting or use of heavy machinery, not occur between 
October and April within 1 km of significant roosts, which includes occupied hibernacula. The provincial 
BMP also recommends that noise and vibration at significant occupied bat roosts as a result of blasting 
activities should remain below the following thresholds (BC Ministry of Environment 2016c): 

• sound concussion less than 150 decibels (dB); 
• shock wave less than 15 pounds per square inch (103.4 kPa); and, 
• peak particle velocity less than 15 mm/second. 

BC Hydro implemented a temporal restriction on all blasting activities between September 15 and May 15 
to reduce the potential for disturbance to hibernating bats (BC Hydro 2020), as well as a 300-m setback 
between all quarry activities and the approximate locations of crevices identified as potential hibernacula. 
The 300-m setback area was used in the design of the quarry to avoid areas identified as supporting 
hibernating bats. The 300-m buffer used to design the quarry was based on  identified potential hibernacula 
(Andrusiak 2014) rather than areas of suitable habitat. Modelling conducted by Horan and Frappell (2016) 
predicted that the noise and vibration of expected blasts at Portage Mountain would not exceed BC BMP 
thresholds at 150 m from the quarry development boundary, such that a 300-m buffer would be 
conservative.  

The quarry is located approximately 350 m from the closest identified maternity roost (9427G) and 
approximately 130 m from the nearest rock feature (south cliff) that could provide roosting habitat. 
The quarry is therefore consistent with recommended BMP (BC Ministry of Environment 2016c) to avoid 
activities that modify habitat within 100 m of identified bat maternity and hibernation sites.   
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The BMP thresholds do not include specifications for the frequency of blasting events or of the waveform 
frequencies produced by blasts, which are important considerations when assessing potential impacts of 
blasting noise and vibration (Orica Limited Group n.d.). “Significant” roosts have been defined in 
the provincial BMP (BC Ministry of Environment 2016c) based on characteristics that are difficult to apply 
directly at Portage Mountain because access and technical challenges prevent accurate determination of 
the species, sex and reproductive status of each individual exiting a cliff crevice. However, for practical 
purposes any roost identified as likely being a maternity roost and /or a hibernaculum is considered 
a significant roost at Portage Mountain. 

3.2 Known and Suspected Hibernacula and Maternity Roosts 

Early studies identified sections of the cliffs adjacent to the quarry and the adits of an abandoned mine 
(King Gething mine) as potential hibernacula (Andrusiak 2014; Sarell and Alcock 2017). Hemmera 
(2018a, 2018b, 2020) conducted passive acoustic monitoring over multiple years to identify peaks of bat 
activity during the mating period in the fall (swarming), some winter bat activity, and activity in the spring 
when bats start emerging from hibernation, supporting the conclusion that bats were hibernating at the cliff 
features at Portage Mountain.  

Early studies also identified use of the cliffs as day roosts (Hemmera 2018, 2020). Emergence counts 
conducted in 2017, 2018, and 2019 (Table 3.3) identified potential maternity roosts (6287F, 9247G) 
in the cliffs south of the quarry (Figure 3.1) based on multiple individuals observed exiting the cliffs during 
emergence counts. Other counts identified areas of the cliff where smaller numbers of bats were observed 
emerging. However, finding specific roost crevices in the cliffs is difficult due to the presence of multiple 
crevices in close proximity, the height above ground of many crevices, and the steep and hazardous terrain 
that prevents surveyors from closely approaching crevices. Bats may also roost in the trees on Portage 
Mountain. 

Table 3.3 Emergence Counts Previously Conducted at Portage Mountain  

Year Dates of Emergence Counts 

2017 July 31 to August 10 

2018 
June 17 to June 20 

June 30 to August 03 

2019 
June 09 to June 13 

June 19 
July 22 to July 25 

3.3 Quarry Construction and Operation Activities and Bat Mitigation 

Quarry construction and operation activities within the quarry boundaries (Figure 2.1) between 2019 and 
2021 have included the following: 

• developing and upgrading road access; 

• clearing vegetation in the quarry area; 

• blasting, excavating, and transporting material; and, 

• rock sorting (in the lower area close to 400 Road). 
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Construction activities for road access, vegetation clearing, and the haul road began in 2016 and were 
completed in fall 2019 (Table 3.4). In 2020, riprap loading and sorting and tree clearing continued, and 
nighttime activities took place from July 1 to October 9. Production blasting occurred during 2020 and 2021. 

Table 3.4 Quarry Construction and Operation Activities 2017- 2021 

Dates Location * Activity 

2016 Access road and quarry site Clearing and access road construction 

August 10 to August 14, 2018 Future quarry site Test blasting 

June 6 to September 15, 2019 Quarry and along 400 Road Tree clearing  

June 6 to August 20, 2019 Quarry Blasting for haul road construction 

August 21 to September 15, 2019 Pit Production blasting 

May 16 to September 14, 2020 Pit Production blasting 

May 16 to early November, 2020 
Quarry, Stockpile and Sorting 
Area (Area 1) to Offsite Rip Rap 
Stockpile Area (Area 4) 

Tree clearing 

May 16 to early November 2020 Area 1 to Area 4 Riprap loading and sorting 

July 1 to August 18, 2020 Area 1 to Area 4  Nighttime hauling 

July 22 to August 18, 2020 Pit to Area 1 Nighttime hauling with vehicle lights only 

July 22 to August 18, 2020 Pit Nighttime excavation at the pit 

August 9, 2020 Area 1 Installation of lights for safety at nighttime  

August 28 to October 9, 2020 Area 1 to Area 4 Nighttime hauling 

May 16 to August 17, 2021 Pit Production blasting 

March to April, 2021 Area 5 Clearing, grubbing, stripping and hauling 

May to August 2021 Area 1 to Area 4 Nighttime hauling in areas 1 and 4 

September to December, 2021 Area 1 Processing material 

*See Figure 2.1. 

Noise and vibration monitoring was conducted for representative test blasts at Portage Mountain Quarry in 
2018 (Johnston et al. 2018), and for quarry construction and operation activity in 2019, 2020 and 2021 
(Dailyde and Johnston 2020; Dailyde et al. 2022) to compare the noise and vibration produced at the quarry 
to the BMP thresholds (Section 3.1). The test blasting indicated that noise and vibration 300 m or more 
from blasts were below the thresholds described by the provincial BMPs (BC Ministry of Environment 
2016c), with ground-borne vibrations below threshold by 141 and 228 m from the blast on the north and 
south cliffs, respectively, and air overpressure below threshold by 34 m from the blast (Johnston et al. 
2018).  
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In 2020 artificial lights were used for safety at the Stockpile and Sorting Area (Area 1; Figure 2.1; 
Table 1.3). Artificial light at night has the potential to affect bat behavior (Rowse et al. 2016; Straka et al. 
2019; Voigt et al. 2021). BC Hydro has minimized the use of artificial lights at the quarry to mitigate the 
potential adverse effects of light. Additional mitigation for the use of lights was as follows: 

• lights had full directional capability with shrouding; 

• lights were pointed down and away from the cliff faces; and, 

• lights were turned off when not needed. 

BC Hydro’s mitigation plan for bats also includes potential creation of bat habitat during future reclamation 
of the quarry, if analyses of monitoring data determine that hibernating or roosting sites for bats were 
affected by quarry operations (BC Hydro 2020).     
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4.0 METHODS 

Methods implemented at Portage Mountain from 2017 through 2021 were developed in consultation with 
the Vegetation and Wildlife Technical Committee and local biologists (Hemmera 2018). Methods are based 
on standard techniques used for bat studies (Bachen et al. 2020; BC Ministry of Environment 2016b) with 
minor variations to account for the specific habitats, terrain, and access challenges at the monitoring sites.  

4.1 Weather and Sunset Data 

Two temperature loggers were installed at the south cliff in 2020 (Section 4.3.2), but those units did not 
produce a complete data record due to rodent damage and premature battery failure. No provincial weather 
stations were located close enough to Portage Mountain for their data to be useful. BC Hydro provided 
hourly weather data from their weather station at the Portage Mountain quarry (Figure 2.1). Data included 
precipitation in millimetres (mm) and air temperature in degrees Celsius (oC), both reported hourly, but did 
not include barometric pressure. The time of sunset at Fort St. John on each day was obtained from National 
Research Council Canada (2021). 

4.2 Noise and Vibration Monitoring 

RWDI Consulting Engineers and Geoscientists (Dailyde et al. 2022) and TetraTech Canada (Nickoli et al. 
2022) reported the results of noise and vibration (including blasting) monitoring and modelling at the north 
and south cliffs for 2020 and 2021. Appendix A and Appendix B include detailed descriptions of noise 
and vibration monitoring methods, which are briefly summarized here. 

Baseline noise monitoring occurred in 2019 (Dailyde and Johnston 2020). Baseline measurements were 
completed at a representative location far enough away from the quarry that work there would not affect 
the noise levels measured. Quarry noise monitoring in 2020 and 2021 was carried out at both the north 
cliffs and the south cliffs.  

No vibration monitoring occurred in 2020, as vibration data are more difficult to collect, and based on 
the expectation that blasts in 2020 would be similar to those in 2018 and 2019. Vibration monitoring 
occurred regularly at the south cliff and north cliff monitoring locations in 2021 (Dailyde et al. 2022). 
Blast monitoring was conducted from May through September in 2021. 

Nickoli et al. (2022) used 2019 and 2021 blasting data provided by BC Hydro to develop site-specific best 
fit equations to calculate peak particle velocity and sound concussion for the north and south cliffs for the 
2020 blasts that were not monitored.  The resulting metrics for sound concussion (also known as the air 
overpressure or airborne vibration), shock wave, and peak particle velocity (also referred to as ground 
vibration) were compared against provincial BMP thresholds (Section 3.1) for noise and vibration due to 
blasting near bat habitat features (2016c). The results of the noise and vibration monitoring also provided 
additional environmental context to inform the analysis of bat activity over time (Section 4.4.2.2). 

4.3 Roost Emergence Counts, Roost Inspections, and Maternity Roost Monitoring 

Consistent daily emergence of bats from maternity roosts at dusk for feeding provides opportunities for 
roost identification and enumeration of bats via emergence counts. Roosts used by pregnant and nursing 
female bats have more regular patterns of emergence than roosts used by male or non-reproductive 
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individuals (Barclay 1989; BC Ministry of Environment 2016b). The objectives of the emergence surveys 
were to identify maternity roosts, to assess potential changes in use of the cliffs as maternity roosts, and to 
examine the relationship between any changes in maternity roost use and quarry operation. 

Two methods were used to collect emergence data at identified and suspected maternity roosts and non-
maternity roosts: 

• emergence counts and roost inspections; and,  

• continual roost monitoring with remote roost loggers placed near the roost entrances to record 
bat calls. 

4.3.1 Roost Emergence Counts and Roost Inspections 

Roost emergence counts were conducted in 2020 following methods described in Loeb et al. (2015) and 
Vonhof (2006). The methods have been previously described in Hemmera (2019). Information on site 
selection criteria was provided in the 2017 to 2019 bat monitoring report (Hemmera 2020). Physical 
inspections for roosting bats or bat sign such as guano were conducted where potential features could be 
safely accessed by surveyors. 

Visual emergence counts were completed twice yearly during the maternity period: once (‘early period’) 
during pre-volancy (i.e., when pups are not able to fly) between June 1 and June 21, and once (‘late period’) 
during post-volancy (i.e., when pups can fly) from July to early August. Emergence counts were conducted 
from 30 minutes before dusk until approximately 1 hour after dusk, when visibility became a limiting factor, 
or until bats started to return to the roost. Each site on the north and south cliffs was surveyed on 
two consecutive nights both pre- and post-volancy (4 surveys total). Surveyors were equipped with 
handheld acoustic detectors (Echometer Touch) that recorded bat vocalizations in the vicinity of 
the surveys. Sites where no bats were observed were not resurveyed in subsequent years.  

A single exploratory roost emergence count with multiple observers was conducted during the 2020 
post-volancy period at the access road (400 Road) to investigate bat activity at the mouth of the gully 
located east of the quarry (Figure 3.1). This survey was focused on the mouth of a gully, upstream of which 
is a linear patch of mature balsam poplar with potential to provide tree roosting habitat for bats. The survey 
stations were located along 400 Road, where multiple observers visually scanned the edge of the forest. 
Surveyors used handheld bat detectors (Echometer Touch) to alert them to bats emerging from the stand 
and to record calls for later analysis. 

4.3.2 Roost Monitoring 

Two of the previously-identified maternity roosts at the south cliff (9427G and 6287F; Figure 2.1; Hemmera 
2020) were monitored with Anabat roost loggers (Titley Scientific Inc.) from March 2, 2019 to through 2021. 
The roost loggers recorded acoustic data continuously for 24 hours, providing bat identification information, 
the daily timing of emergence from the roost, and quantification of movements in and out of the roost. 
The effective range of the loggers was 5 m. Files recorded within 90 minutes of sunset were considered to 
be recorded within roost emergence time. 
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In October 2020, roost logger RL1 was moved closer to roost 9427G with the aim of reducing the number 
of recordings from foraging bats and obtaining more recordings of bats emerging from and returning to 
the roost. Due to the lack of activity (no bats observed on emergence counts and low numbers of bat 
passes) at the 6287F roost, roost logger RL2 was relocated to roost 9427G with the intent of recording bats 
approaching that roost. 

Temperature / humidity loggers (Onset HOBO model MX2302A) were installed in 2020 at the top of 
the south cliff and next to roost 9427G to assess relationships between bat activity and changes in 
the temperature and humidity. The loggers were attached to trees where they would remain in the shade 
to record ambient air temperature. The south cliff temperature logger was rendered non-functional by rodent 
damage in summer 2020 and was not replaced, leaving a single working unit at 9427G.  

4.3.3 Data Analysis 

Precipitation at the time of sunset was obtained from the BC Hydro weather station at the Portage Mountain 
quarry. Daily relative humidity data at sunset on each survey date were obtained from the temperature 
logger at 9427G and consisted of the value recorded closest to the sunset time on the date being assessed. 

The numbers of bats observed exiting the cliff at each roost emergence count location on each date were 
totalled. Observations of bats foraging or flying by the observer were not included in the total unless 
the surveyor had observed the bats emerging from the cliff.  

Acoustic data recorded by the Echometer Touch hand-held units during emergence counts were analysed 
using same process used for all of the other acoustic data analyses in this project (Section 4.4). 
Acoustic data were correlated with the visual observations made by the surveyors wherever possible, based 
on the location and time of the observations and of the recordings made by the hand-held units as well as 
the comments noted by the surveyors. 

The bat mitigation and monitoring plan (BC Hydro 2020) and previous monitoring reports for Portage 
Mountain (Hemmera 2020) use a threshold of 10 bats emerging at a given site to define a ‘maternity roost’, 
although some of the provincial BMP definitions for a ‘significant’ roost (see Section 3.1) specify fewer 
individuals than the threshold of 10 bats used for this project.  Hemmera is not aware of any literature that 
provides a minimum number of bats that constitute a maternity roost.  

The following criteria were used to determine likely maternity roost occupancy:  

• at least 10 bats emerging from a single feature during at least one emergence count 
during the maternity period (assumed to occur from mid-May to mid-August [Paterson, B., pers. 
comm., July 2019]); 

• emergence timing at or near sunset (indicative of lactating females with dependent pups); 

• observations of bats returning to the roost (i.e., to feed dependent pups) during the emergence 
survey; and, 

• a marked increase in count numbers occurring at a single site over the pre-volant to volant period 
for young-of-year bats, in consideration of other influencing factors such as weather. 



BC Hydro  
Site C Wildlife Monitoring – Portage Mountain Bat Studies: 2020 and 2021 Annual Report  Project No. 989619-10 
 

 April 2022 Page | 13 

220414_BCH_SiteC_PortageMt_AnnualReport_2020_21_Final_v2.2.docx 

Daily emergence at or near sunset may indicate lactating female bats. Lactating bats leave their roosts at 
or near sunset because the energetic burdens of pregnancy and nursing require them to start foraging early 
to maximize foraging duration (Henry et al. 2002; Lemen et al. 2016). The daily emergence times of males 
and non-breeding females are more flexible because they have lower energy demands than lactating 
females and can use daily torpor to further decrease their metabolic requirements (Kurta et al. 1989; 
reviewed in Sedgeley 2001). Lactating females must also return to the roost during the night to nurse 
dependent pups. 

The presence of juveniles also provides strong evidence of a maternity roost, at least up to the late summer 
period. The presence of juveniles in the roost can be inferred by a sudden increase in the number of bats 
counted during emergence counts late in the summer, when young-of-the-year can fly, compared to 
the number of bats counted during emergence surveys early in the summer. 

4.3.4 Assumptions and Data Limitations 

The assumptions in the emergence count data include: 

• observers are able to accurately distinguish between a bat emerging from the cliff and a bat foraging 
along the cliff; and, 

• vocalizations recorded on the observer’s handheld detector at the time as a visual observation of 
an emerging bat are those of the bat observed. 

The accuracy of emergence counts was limited by physical and weather conditions at the sites monitored. 
Surveyors had to choose vantage points that were safe for them to access, which often meant that they 
could not get the best view of emerging bats. Some bats emerged from crevices high on the cliffs and it was 
difficult for observers at the bottom of the cliffs to see them. Rain and fog impeded visibility on some counts 
as described in Section 5.2. The assumptions related to acoustic data recorded during emergence counts 
are similar to those described for long-term acoustic monitoring (Section 4.4). 

4.4 Long-term Passive Acoustic Monitoring 

Bioacoustic technology is an efficient, non-invasive tool for examining bat activity patterns and species 
diversity over long durations and provides a metric of bat activity based on the number of bat calls recorded 
within approximately 50 m of the detectors (Fraser et al. 2020; Lausen 2016). Year-round acoustic 
monitoring is used to assess ongoing bat activity and compare that activity between years and annual bat 
life stages. Acoustic data can confirm the presence of individual species and document any changes in bat 
species diversity between years. Acoustic data can also provide information to infer the use of hibernacula. 
Evidence of hibernation occurring in proximity to the detector includes: 

• relatively high bat activity recorded during the fall mating and swarming periods; 

• limited and localized winter activity; and, 

• surges of activity during spring emergence.  
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4.4.1 Detector Locations 

The rationale behind selection of locations for long-term bat detectors on the north and south cliffs 
(Figure 2.1) was described in Hemmera (2019). A single Songmeter detector was installed at each of 
4 locations in November 2017 (Figure 2.1) and those locations have been monitored continuously to date, 
although some data gaps have occurred due to equipment issues. The SM2 detectors installed in 2017 
at the beginning of the study period were replaced by new SM4BATZC units equipped with SMM-U1 or 
SMM-U2 microphones in summer 2019. One detector (PM-C-NH) was deployed at the north cliff, 
two (279-SH and 294-SH) on the south cliff, and one (PM-S3) between the south cliff and the quarry 
(Table 4.1). Those four locations have monitored year-round from 2017 through 2021. A fifth detector 
(PM-TAL) was installed on June 26, 2020, upslope from a talus field at the north cliff (Figure 4.1) and has 
been operating continuously since its installation.  

Table 4.1 Long-term Passive Acoustic Monitoring Sites, 2017 to 2021 

Name General location Distance (m) from closest 
quarry boundary Comment 

PM-D-NH North cliff 320  

PM-C-NH North cliff 402  

PM-TAL North cliff talus 330 Installed 2020 

279-SH South cliff 401 Suspected maternity roost 6287F 

294-SH South cliff 334 Suspected maternity roost 9427G 

PM-S3 Quarry 81  

Detector settings have been described in Hemmera (2019).  Microphones were calibrated twice in summer 
2020 (June 22 and July 15) and again in July 2021 to confirm sensitivity within the manufacturer’s specified 
range and ensure consistency in data collection. The detectors were visited every other month to download 
data and verify detector operation. 

The detectors were prepared for winter with protected microphones and cables, a water- and snow-resistant 
housing, and a combination battery/solar power supply. Each detector was outfitted with a 12-volt battery 
(7 amp-hours) powered by a Renogy 100-watt solar panel, and a Morningstar SS 20L-12V SunSaver 
20-amp solar charge controller.  

Equipment issues and cable damage by rodents has led to data loss. Additional gaps in recording have 
resulted from snowfall covering the solar panels.  
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Figure 4.1 Location of Detector TAL (arrow) at the Small Talus Field Downslope of 
the North Cliff 

4.4.2 Data Analysis 

Acoustic analysis methods used in 2020 and 2021 were identical to those of previous years although some 
classification categories were merged. The acoustic analysis followed a conservative approach as 
recommended for the analysis of acoustic data by Lausen (2016); only files with two or more echolocation 
pulses (Vonhof 2006) separated by at least one second (termed a bat ‘pass’, ‘call’ or ‘file’) were included in 
the analysis and were considered for classification to species level or species group. A series of bat passes 
could be made by the same bat flying multiple times in front of the microphone or by multiple individuals 
(Adams et al. 2015); therefore, the results provide a relative index of bat activity (files per detector-night) 
but do not represent an estimate of bat populations in the study area. 

Bat files were classified based on acoustic parameters for the targeted bat species (summarized 
in Appendix A) using two automated species classifications: Kaleidoscope Pro (V3.1.6 Wildlife Acoustics 
Inc.) and species-specific filters developed for AnalookW V4.5 (Titley Electronics, Ballina, New South 
Wales, Australia). Noise files, such as ambient background sounds, were excluded from the dataset using 
a filter in AnalookW. The automated classification results were then manually verified based on professional 
judgement. Bat calls were either classified according to species or grouped into categories based on their 
acoustic parameters (Appendix A). Files with multiple species or individuals were assigned each of 
the relevant categories, i.e., were counted once for each species and individual. Social calls were identified 
through manual inspection. 

The acoustic parameters used for the identification of each call were derived from accepted characteristics 
based on scientific studies and acoustic libraries (Lausen 2016). Updated provincial bat protocols for 
acoustic monitoring are not yet available; therefore, after consultation between Hemmera and a bat 
specialist with the BC Ministry of Forest, Lands, Natural Resource Operations and Rural Development 
(Hansen, I.J., pers. comm., September 2018), the methods used for 2017 to 2019 studies (Hemmera 2018, 
2020) were repeated for the 2020 and 2021 analysis with minor improvements (summarized 
in Appendix A). 
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Bat echolocation calls, especially those from the Myotis genus, can be difficult to identify to species due to 
high variability within species (Obrist et al. 2004) and overlap in call characteristics among some species. 
Where Myotis calls could not be definitively identified to species, they were assigned to the Myotis category 
that includes little brown myotis, long-eared myotis, northern myotis, and long-legged myotis because of 
overlap in call characteristics (Appendix A). The Myotis category (Appendix A) was assumed to indicate 
the potential presence of the endangered little brown myotis or northern myotis. Similarly, silver-haired and 
big brown bat are often grouped together, as are eastern red bat and little brown myotis. Files known to be 
or potentially Myotis species (including all files identified as any of the Myotis species, the Myotis category, 
and the 35K eastern red bat/little brown myotis category) were merged into a broader Myotis group for 
analysis. The ‘big brown bat’ broad species group used for some summaries included files categorized as 
big brown bat and as big brown bat / silver-haired bat. 

A night of monitoring by a single detector was termed a ‘detector-night’, assigned to the date on which 
the night began even though the file itself may have been recorded in the early morning of the next day. 
Each file was assigned to the detector-night on which it was recorded, and further assigned to an hour bin 
(0-23) that corresponded to the time at which the file was recorded. The numbers of bat passes recorded 
per detector-night were compared between detectors and over time to examine patterns in bat activity.  

An R script was created to identify dates when no bat or noise files were recorded by each detector. 
Detector log files were not available for 2018 or 2019, so a subjective number of consecutive days without 
data was chosen to assess whether a detector was functioning correctly: if no bat calls or noise files were 
recorded for a period of 5 nights or more in summer or 20 or more nights in winter, fall, or spring, the detector 
was considered inactive. Each bat file was linked to the time of sunset on the night the file was recorded, 
and the quarry weather station temperature recorded closest to the file’s time (Section 4.1). 

4.4.2.1 Bat Life Stages 

Bat annual life stages include hibernation, emergence, maternity (summer), and swarming. Bat activity 
levels vary considerably through the year, driven by seasonal weather patterns and life stages. 
The beginnings and ends of these stages are gradual rather than sharply defined by a single date 
(BC Ministry of Environment 2016b). However, to aid with the seasonal examination of bat data, dates 
corresponding to annual life stages were defined using yearly bat acoustic data. The species detected at 
Portage Mountain are a mixture of migratory and hibernating bats (Table 3.1), and the onset and duration 
of annual life stages will vary between species (Whitaker Jr and Rissler 1992; van Schaik et al. 2015) and 
by overwintering strategy. Ideally, life stage dates would have been defined for each species, but Myotis 
sp. made up the majority of bat calls in the Portage Mountain dataset, with too few calls of other acoustic 
classes to complete a quantitative analysis of life stages. Therefore, life stage dates were only based on 
data classified as being Myotis sp. files.  For the bat life stage analysis, the Myotis group consisted of 
the following identification categories: all Myotis species, the red bat / little brown myotis groups 
(assumes there are few to no red bats in the group), and high-frequency bats. Data from all detectors on 
Portage Mountain were combined as it was assumed that any seasonal effects would apply to all detectors.  

The method described by Meyer et al. (2016) was used to define the start and end of emergence and 
hibernation, which is based on the cumulative number of calls within defined periods. Hibernation start was 
defined as the date by which 95% of the cumulative sum of files had occurred between September 22 - 
November 15 and end was defined as the date by which 5% of the cumulative sum of files occurred between 
March 20 and June 1 (Meyer et al. 2016). Emergence start was defined as the date on which 5% of 
the cumulative sum of files occurred between March 20 and June 1 (i.e., hibernation end) and emergence 
end was the date on which 50% of the cumulative sum of files occurred between March 20 and June 1.  
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Bat activity increases just prior to hibernation at sites where they hibernate (Van Schaik et al. 2015). 
This increase in activity is termed ‘swarming’ and is believed to be associated with mating and the search 
for hibernacula (Parsons et al. 2003, Van Schaik et al. 2015). There is limited published work that uses 
a statistical approach to identify the swarming period with acoustic data. Part of the challenge in identifying 
a swarming period is the high variability in activity levels between nights due to factors such as temperature 
and precipitation (Parsons et al. 2003). However, by fitting a non-linear curve to the nightly count of bat 
files, it is possible to smooth out the nightly fluctuation and identify periods with a peak in activity that 
corresponds to swarming (Parsons et al. 2003). Another advantage of this method is that it provides an 
objective method to identify the swarming period as compared to visually looking for peaks in bat acoustic 
data. 

Adopting the method of Parsons et al. (2003), non-linear equations were fitted for the total number of Myotis 
files per active detector-night between the period of July 15 and September 30 for the years that had 
sufficient data for this period: 2019, 2020, and 2021. This period was used to ensure that a peak was 
detected, despite July and early August being outside the typical swarming period (i.e., late August to late 
September). Following Parsons et al. (2003), SigmaPlot was used to fit non-linear curves to the data and 
the best-fitting curve was selected based on the R2 value from the set of equations available in SigmaPlot. 
Equations tested were those available in the peak category: 3-parameter Gaussian, 4-parameter Gaussian, 
4-parameter modified Gaussian, 5-parameter modified Gaussian, 3-parameter Lorentzian, 4-parameter 
Lorentzian, 4-parameter Pseudo-Voigt, 5-parameter Pseudo-Voigt, 3-parameter Log Normal, 4-parameter 
Log Normal, 4-Parameter Weibull, and 5-Parameter Weibull.  

Once the best fitting curve was identified, the start and end dates of swarming were selected based on 
predicted values from the best-fitting equation. The date on which the increase in the slope of curve 
(i.e., predicted files) was ≥5 files from one night to the next and the decrease in file numbers was ≤5 files 
per night, respectively, were selected to identify the start and end dates of swarming. In other words, start 
of swarming was occurred when the slope of the curve of predicted bat activity started to increase and 
swarming ended when the slope the curve started to level out.  

4.4.2.2 Trends in Bat Activity 

There are two primary questions regarding the impacts of the Portage Mountain Quarry on bats: 

1. Has seasonal bat activity decreased since 2017? 
2. Does blasting associated with the quarry affect bat activity? 

A null model, a base model and two a-priori models were used to examine effects of the quarry while 
accounting for the potentially confounding effect of weather conditions on seasonal bat activity: 

1. Null model: Total bat calls per night ~ 1 
2. Base model: Total bat calls per night ~ mean temperature + precipitation  
3. Year model: Total bat calls per night ~ year + mean temperature + precipitation 
4. Blast model: Total bat calls per night ~ blast + mean temperature + precipitation 

As a response variable, calls from all acoustic groups were combined to provide the largest dataset 
possible. A null model was used to test the relative model fits of the Year and Blast models. Bat growing 
season activity and winter arousal is known to be correlated with weather, including temperature, barometric 
pressure, wind speed and precipitation (Ciechanowski et al. 2007; Erickson and West 2002; Gorman et al. 
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2021; Hayes 1997; Meyer et al. 2016; Paige 1995; Patriquin et al. 2016; Whitaker Jr et al. 1997; Wolbert et 
al. 2014; Voigt et al. 2011).   Of these variables, nightly measurement of temperature and precipitation data 
were available (Section 4.1). As such, temperature and precipitation were included as base variables in 
the a-priori models and as a base model because these are known to have a large influence on bat activity, 
therefore interpreting the effects of year and blasting require holding weather effects constant. A base 
model was included for the same reasons as the null model, to test relative model fitness.  

The Year model will test for a change in yearly bat activity. If there is a decrease in activity since 2017, 
the coefficient of years post 2017 will be negative and significantly different from zero. The Blast model will 
test for an effect of blasting (occurred/ did not occur) on bat activity during the night. If there is a negative 
relationship between blasting and bat activity, the blast coefficient will be negative and significantly different 
from zero.  

To evaluate model fit, the Akaike’s Information Criterion (AIC) scores of the Year and Blast models were 
compared to the null and base models. The model with the AIC weight closest to 1 was selected as the most 
parsimonious model that best explained the data from the set of models. We could not compare the Year 
and Blast models using AIC scores because they were generated using different datasets (i.e., year 2017 
was dropped for the Blast model because no blasting occurred in that year). For model selection, we ran 
the null model and the base model on the same dataset as either the Year or Blast model.  

Due to the influence of life stages on bat activity, each of the above models was evaluated during 
the following four bat life stages: emergence, summer (including maternity), swarming, and hibernation, 
which were calculated as described in Section 4.4.2.1. However, because we were only able to identify 
a swarming period in 2021 and there was no identifiable swarming period in 2019 and 2020 
(Section 5.3.2.2), we defined a fall period instead of swarming. For the purposes of assessing bat activity, 
the fall period was defined as occurring from September 1 to the start of hibernation, the latter of which was 
defined on a yearly basis (Table 5.10).  

We also considered investigating distance to quarry as predictor variable, to test if bat activity would be 
lower closer to the quarry. However, there was a natural effect of distance to quarry based on placement 
of the detectors, such that bats were most active at detectors furthest from the quarry before most 
construction activity at the quarry began (2017).  

Decibel and peak particle velocity were also considered as model variables; however, these measurements 
were only available for 2021 and there were several gaps in the 2021 data. Therefore, to investigate 
the effects of the blasting we included blast by date only, as having occurred (yes, no) during the day as 
a model variable. There were two blast records that did not have a date (assumed to have occurred in 
2019) and therefore were not included in the model. Blasting did not occur in 2017 and therefore this year 
was dropped from the Blast model. Because blasting only occurred during the summer and fall bat life 
stages, we only ran the Blast model during these periods. Dropping the year 2017 reduced the number of 
detectors used in the model to five detectors since PM-D-NH, which was located at the north cliff, only 
recorded in 2017.  

A generalized linear mixed effects model with a negative binomial distribution was used for the above 
models. Due to the nature of bat acoustic data (e.g., spatial autocorrelation, temporal autocorrelation, and 
unequal sampling), generalized linear mixed effects models are regularly used to test bat acoustic data 
(Perks and Goodenough 2020; Jameson and Willis 2014; Muthersbaugh et al. 2019a). A negative binomial 
distribution was used because overdispersion was an issue when a Poisson distribution was used. 
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The variance of the data was much larger than the mean, further supporting the use of a negative binomial 
distribution. All models were tested for overdispersion using the ratio of the Pearson 𝑥2 to the model degrees 
of freedom, and a threshold value of 5 was used (Payne et al. 2018). 

The identity of the detector nested within the area was used as a random effect for each model. Using 
random effects accounts for the spatial and temporal autocorrelation (i.e. repeat sampling at one detector) 
of the study design and the difference in sampling effort between detectors (Gillies et al. 2006). Detectors 
were distributed across four main areas: south cliff, north cliff, quarry, and gully. Data from the acoustic 
detectors within an area are spatially autocorrelated due to the relatively small size of the area being 
studied. The detectors are all well within the foraging range of a single bat; 90 m separates the PMC-NH 
and TAL detectors and 120 m separates 279-SH and 294-SH.  As such, individual bats recorded on 
one detector may also be recorded on other detectors depending on the bat’s flight path. Data recorded by 
the detector at the gully were removed from the dataset because the detector was considered to have 
operated too infrequently, leaving six detectors in total (Table 4.1).  

Year was included as a categorical variable with the lowest year (i.e., 2017) as the reference level to which 
the other years were compared. Mean temperature was the mean hourly temperature (˚C) between sunset 
and sunrise. Precipitation was the total precipitation (mm) between sunset and sunrise.  

All continuous variables were standardized so that the mean was equal to zero and standard deviation was 
equal to one. Standardizing data improves model convergence, makes the standard deviation the unit of 
measurement, and therefore allows direct comparison of standardized model coefficients in terms of their 
influence on the response variable (Zuur et al. 2009). Variables were standardized using this formula:  

𝑥 − 𝑚𝑒𝑎𝑛(𝑥)

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛(𝑥)
 

Due to the pseudo-replicated nature of acoustic data from detectors, the unit of sampling is not the number 
of nights the detector was active, but the number of detectors deployed. If the spatial autocorrelation is 
accounted for, the sample size is further reduced to 3 (i.e., north cliff, south cliff, and quarry). If the spatial 
autocorrelation is disregarded, the sample size is only 6 detectors (or 5 in the case of the Blast model). 
Data from five to six detectors at 3 areas is a relatively small sample size for the complexity of the models 
and this resulted in several challenges that required adjusting the model structure. For some seasonal 
models, the random effects structure of detectors nested in area was too complex for the data, resulting in 
a singular fit of the model. While the random effects structure was justified given the study design, there 
were likely too few data to support the more complex model. Singular fits can result in a lower power to 
detect significant trends (Matuschek et al. 2017). When models had a singular fit, area was removed as 
a random effect, the model AIC score was compared with the maximal model and the more parsimonious 
model was selected (Matuschek et al. 2017).  

4.4.3 Assumptions and Data Limitations 

Studies using bat activity as a metric have several assumptions (Gannon et al. 2003; Hayes 1997, 2000):   

• recorded bat calls reflect the use of a site by bats. 

• the probability of detecting an individual bat is the same for each detector and for each bat species. 

• bats are randomly distributed in three-dimensional space. 
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The modelling approach described above includes several assumptions that should be noted: 

• All bat species respond to yearly effects of the quarry and blasting effects in the same manner. 

• Life stage dates based on Myotis activity are reflective of general activity patterns for other bat 
genera present at Portage Mountain. 

• When models had to be simplified by removing area as a random effect, spatial autocorrelation 
was assumed to not affect model coefficients and their significance. 

• Using date of blasting as a predictive model variable assumes that all blasts have an equal effect 
on bats and the blasts have an equal effect on bats at all areas.  

• Any effect of year on bat activity is associated with quarry activity and is not related to natural 
causes.  

There is a high level of natural variability in nightly bat activity, which can be influenced by insect phenology, 
time of day, and the gender and reproductive condition of individuals (Fischer et al. 2009; Gorman et al. 
2021; Fraser et al. 2020; Hayes 1997; Sherwin et al. 2000; Talerico 2008), as well as weather and life stage 
as described earlier. This natural variability can make it challenging to detect trends due to change in 
the habitat (e.g., noise levels). Considering the amount of natural variability and the small sample size, 
models may be limited in power to detect trends.  
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5.0 RESULTS 

5.1 Blasting, Noise and Vibration Monitoring 

Blasting, noise and vibration monitoring began in 2019 and the results for 2019 are available in Hemmera 
(2020). Results of the blasting, noise, and vibration monitoring for 2020 and 2021 are briefly summarized 
below from Nickoli et al. (2022) and Dailyde et al. (2022), presented in Appendices B and C, respectively. 

5.1.1 2020  

One hundred one blasts took place at the Portage Mountain Quarry in 2020 between May 16 and 
September 14 (Table 5.1).  Information on the daily timing of blasts was incomplete.  

Table 5.1 Number of Blasts by Month at the Portage Mountain Quarry in 2020  

Month Number of Blasts 

May 12 

June 26 

July 28 

August 30 

September 5 

2020 Total 101 

Vibration monitoring was not conducted in 2020. The best-fit equations calculated from the 2021 monitoring 
data were used with the 2020 blast data to estimate peak particle velocity for 2020. Based on this analysis, 
it was determined to be unlikely that any of the 2020 blasts exceeded the recommended thresholds 
(Section 3.1). 

Monthly noise monitoring occurred during 2020 quarry operations between May and September at the north 
and south cliffs as well as the background location. Measured noise levels at the south cliff in 2020 ranged 
from 41-51 A-weighted decibels (dBA) during the day, and 32-43 dBA at night, levels at the north cliff ranged 
from 52-57 dBA during the day and 38-55 dBA at night, and background noise levels measured 5 km 
northeast from the quarry (daytime measurements only) ranged from 33-58 dBA (see Table 2 in 
Appendix C). 

High-frequency noise (6,300 - 20,000 Hz) measured by a monitoring unit on the south cliff was examined 
to determine the differences in high-frequency noise levels during working hours between days when quarry 
construction was ongoing versus days without construction (Dailyde and Johnston 2020). Differences were 
very small (up to 0.07 dB), which the authors attributed to the speed at which high-frequency noise is 
attenuated. A similar analysis in 2021 (Appendix C) found slightly increased noise levels at the 6,300 Hz 
and 8,000 Hz frequency bands but lower noise levels in the higher-frequency bands.  

5.1.2 2021 

Sixty-one blasts took place at the quarry in 2021 between May 16 and August 17 (Table 5.2), almost all of 
which occurred between the hours of 1500 and 1800.  
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Table 5.2 Number of Blasts by Month at the Portage Mountain Quarry in 2021 

Month Number of Blasts 

May 14 

June 14 

July 22 

August 11 

September 0 

2021 Total 61 

Noise monitoring was carried out at the south and north cliffs on May 31, 2021, for a duration of 64.7 hours 
at the south cliff and 85.5 hours at the north cliff (Dailyde et al. 2022). The results of the noise monitoring 
are presented in Table 5.3. Sound levels at the north cliffs were higher than those at the south, and levels 
of noise in general, and of high-frequency noise were similar to those measured in 2019. The levels of 
higher-frequency sound in the 6,300-8,000 Hz range were higher than pre-construction levels, but the levels 
of sound in the 10,000 to 20,000 Hz range were lower than pre-construction levels 

Table 5.3 Average Sound Levels (dBA) Recorded at the Portage Mountain Cliffs in May 2021  
(from Table 2 in Appendix C) 

South Cliffs North Cliffs 

Day Night Day Night 

45 40 53 42 

Blast monitoring was conducted from May through September in 2021 (Dailyde et al. 2022). The maximum 
peak particle velocity recorded at either the south or north cliffs was 9 mm/second, the maximum sound 
concussion was 130 dB, and the maximum shock wave was 0.0095 psi – all measurements under 
the thresholds specified in BC Ministry of Environment (2016c). All of the blasts in 2021 were below (most of 
them well below) the threshold values for all three variables. 

5.2 Maternity Roost Emergence Counts 

5.2.1 2020 and 2021 Roost Emergence Counts and Roost Monitoring 

The results of the 2020 and 2021 roost emergence counts and roost monitoring are detailed in Appendix D 
and only key results are summarized here. Thirty-nine emergence counts were conducted during June and 
July 2020 (Figure 3.1).  

Most of the counts recorded one to four bats emerging, although 16 bats were counted exiting the gully 
during early period counts, and 17 bats were counted exiting the suspected maternity roost 9247G on 
the south cliff during the late period counts. The first bats that left 9247G during the two late period counts 
in 2020 exited the roost before sunset, and bats were observed returning to that roost during one of the late 
period counts. A maximum of four bats was observed during emergence counts at the other suspected 
maternity roost, 6287F, indicating that this site was less likely to be used as a maternity roost in 2020. 
One emergence count was conducted within the quarry on June 27 but no bats were observed exiting rock 
faces at that location.  
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Both roost loggers suffered from water damage in early 2020 and did not record data between May and 
late August. Although the loggers did not function as planned for much of the bat active period, activity at 
roost 9427G in 2020 was confirmed by the roost logger RL1. In total, 1,418 files were recorded in 2020, of 
which 1,390 were assigned to the Myotis category. Myotis activity was first recorded at 9247G in April and 
was increasing in early May when the loggers were compromised. Details are provided in Appendix D. 

Thirty-two emergence counts were conducted during June and July 2021 (Figure 3.1). No bats were 
observed emerging on 13 of the counts. One to four bats were observed emerging on most of the remaining 
counts, although 23 bats were counted on June 19 at 9427G, the suspected maternity roost. The first bats 
were observed leaving 9247G 19 to 52 minutes after sunset during the early period and 33 to 35 minutes 
after sunset during the late period in 2021, and one bat was observed returning to the roost during one of 
the late surveys. A maximum of three bats was observed during emergence counts at the other suspected 
maternity roost, 6287F, indicating that this site was less likely to have been used as a maternity roost in 
2021 according to the criteria in the bat mitigation and monitoring plan (BC Hydro 2020). One emergence 
count was carried out within the quarry on June 19 but no bats were observed.  

RL1 recorded minimal activity at roost 9247G in 2021, and no activity after July. Only 45 files, almost entirely 
Myotis and 30K species groups, were recorded. The lack of data is likely due to a technical issue with the 
roost logger. The function of RL2 at roost 9247G was also compromised based on the lack of data recorded 
in July and August. RL2 began recording activity in April with a substantial increase in activity in May but 
stopped recording June 6. RL2 recorded eight files in August, and its last file on September 21. Details are 
provided in Appendix D. 

5.2.2 Cumulative Roost Emergence and Roost Monitoring 

Thirty-five maternity roost emergence counts have been conducted at the two suspected maternity roosts 
since 2017 (Table 5.4; Figure 3.1). No rain was recorded by the Portage weather station during the 2017 
or 2018 emergence surveys. Rain occurred only on July 22 during the 2018 surveys, on June 24 and July 20 
during the 2020 surveys, and on July 20 in 2021. The time that the first bat was detected was recorded 
irregularly during the 2017-2019 emergence counts. 

Using the criterion of 10 bats and long-term activity to define a maternity roost, the 9247G site has continued 
to be used as a maternity roost from 2017 through 2021.  The numbers of bats counted emerging from that 
roost have fluctuated both between years and between the early and late counts, with the highest number 
of emerging bats counted in 2018 early-period surveys (Table 5.4). Relatively few bats have been counted 
at 6827F since the peak number (10) was observed in 2017. No observations were recorded of bats 
returning to the 6827F roost. 

Table 5.4 Emergence Count Surveys Completed, and Average* Number of Bats by Survey 
Night, at Two Suspected Maternity Roost Sites on Portage Mountain, 2017-2021 

Maternity Roost 
ID Session 

Average 
bats 

counted 
(number of 

counts) 
2017  

Average 
bats 

counted 
(number of 

counts) 
2018  

Average 
bats 

counted 
(number of 

counts) 
2019  

Average 
bats 

counted 
(number of 

counts) 
2020 

Average 
bats 

counted 
(number of 

counts) 
2021 

9427G 
Early - 40.5 (2) 15 (3) 4 (2) 13.5 (2) 
Late 9 (3) 7.5 (2) 26.3 (3) 15 (2) 2.5 (4) 

6287F 
Early - 6 (2) 4 (2) 3.5 (2) 0 (1) 
Late 10 (2) 9 (1) 0 - 2 (2) 

*as sample sizes are small, no measure of variance has been calculated 
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In total, 152 emergence counts (including the maternity roost counts described above) have been 
completed between 2017 and 2021 (Figure 3.1). Two (NHEC2, NHEC3b) additional potential maternity 
sites were located in 2018 (Table 5.5), using the criterion of a minimum of 10 bats counted to define 
a maternity roost. Those sites had fewer than 10 bats counted in all subsequent years. There were multiple 
locations at which 3-9 bats were observed emerging between 2018 and 2021 (Table 5.5). Those locations 
are potentially maternity roosts used by fewer than 10 females.  

Table 5.5 Emergence Counts Where 3-9 Bats Were Observed, 2018-2021  

Location Date of 
count 

Survey 
period Identifier Lat Long Emerging 

bats counted 

South 2018-06-17 Early SHEC294 55.97412 -122.119 6 

North 2018-06-19 Early NHEC3b 55.98152 -122.117 3 

North 2018-06-19 Early NHEC1 55.98208 -122.116 3 

North 2018-08-01 Late NHEC3b 55.98152 -122.117 9 

North 2018-08-02 Late NHEC2 55.98178 -122.117 3 

North 2019-06-09 Early NHEC3b 55.98152 -122.117 4 

North 2019-06-12 Early north cliff 55.98124 -122.118 6 

South 2020-06-22 Early EC-DW1-062220 55.97324 -122.12 4 

South 2020-06-22 Early EC-JF1-062220 55.9746 -122.119 4 

North 2020-06-24 Early EC-JF3-062420 55.98199 -122.116 4 

North 2020-06-24 Early EC-FMN-200624 55.98169 -122.117 3 

North 2020-06-25 Early EC-DW4-062520 55.98174 -122.116 4 

North 2020-06-25 Early EC-JF4 062520 55.98171 -122.116 4 

South 2020-06-27 Early EC-DW6-062720 55.97321 -122.118 3 

North 2020-07-17 Late EC_JF04_071720_North Cliff 55.98211 -122.116 5 

North 2020-07-17 Late EC_FMN-NH 55.98158 -122.117 3 

North 2020-07-18 Late 200728EC_FMN_NH 55.98159 -122.117 4 

South 2021-06-18 Early DW061821 55.97565 -122.117 3 

South 2021-07-15 Late DW071521 55.97316 -122.12 3 

North 2021-07-18 Late DW071821-NH 55.9819 -122.117 5 

North 2021-07-18 Late 7/18/2021_BM_NH 55.98211 -122.116 6 

South 2021-07-19 Late 7/19/2021_BM_sH 55.97577 -122.117 4 

5.3 Long-term Passive Acoustic Monitoring 

The results of the long-term passive acoustic monitoring for the years of 2020 and 2021 are presented 
in Appendix D. The cumulative results for 2017 to 2021 are provided below. 
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5.3.1 Cumulative Survey Effort and Results 

The remote detectors on Portage Mountain have varied in number and dates of deployment. Equipment 
issues have also resulted in data gaps. A summary of cumulative survey effort (8 detectors) between 2017 
and 2021 is presented in Table 5.6. The number of active detector nights per season and year is also 
available in Appendix F. The five permanent detectors recorded acoustic data on 5,447 detector-nights 
between August 21, 2017 and November 3, 2021 (Table 5.6). 

Table 5.6 Remote Detector Survey Effort (Nights When Detectors Were Operating), 2017-2021 

Detector  2017 2018 2019 2020 2021 Total Detector-nights 

279-SH* 133 210 99 366 307 1,115 

294-SH* 133 232 365 339 307 1,411 

PM-C-NH* 85 223 249 342 307 1,264 

PM-D-NH 126 - - - - 126 

PM-GULLY - - - 11 - 11 

PM-S3* 2 163 172 274 307 1,245 

PM-TAL* - - - 190 307 497 

Total Detector-nights 503 1,056 961 1,622 1,535 5,677 

*permanent detector 

The timing of data gaps due to detector damage from rodents, power failures or other technical issues could 
affect the results of the analyses, especially if the gaps occurred during periods when high bat activity would 
have been expected. A summary of the data gaps by date is presented in Table 5.7, and a graphical 
representation of the gaps is presented in Figure 5.1. 

Table 5.7 Timing of Data Gaps by Detector, 2017-2021 

Detector Data Gap Gap Length (nights) 

279-SH 
Jul. 30, 2018 - Jul. 25, 2019 361  

Aug. 23, 2019 – Oct. 21, 2019 60 

294-SH 

Feb. 3, 2018 – Apr. 8, 2018 65  

Jul. 30, 2018 – Oct. 5, 2018 68 

Jun. 22, 2020 – Jul. 18, 2020 27 

PMC-NH 

Nov. 14, 2017 – Jan. 18, 2018 66  

Feb. 8, 2018 – Apr. 6, 2018 58  

Aug. 1, 2018 – Oct. 5, 2018 66 

Apr. 16, 2019 – Jun. 10, 2019 56 

Aug. 23, 2019 – Oct. 21, 2019 60 

Jun. 24, 2020 – Jul. 17, 2020 24 

PM-GULLY Jul. 1, 2020 – Jul. 8, 2020 8 
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Detector Data Gap Gap Length (nights) 

PM-S3 

Dec. 7, 2017 – Dec. 30, 2017 24 

Jan. 1, 2018 – Feb. 1, 2018 32 

Feb. 3, 2018 – Feb. 22, 2018 20 

Feb. 24, 2018 – Mar. 21, 2018 26 

Mar. 23, 2018 – Apr.13, 2018 22 

Apr. 15, 2018 – May 23, 2018 39 

Sep. 8, 2018 – Oct. 5, 2018 28 

Nov. 26, 2018 – Dec. 17, 2018 22 

Dec. 19, 2018 – Jan. 14, 2019 27 

Jan. 16, 2019 – Mar. 18, 2019 62 

Apr. 15, 2019 – Jun. 9, 2019 56 

Aug. 23, 2019 – Oct. 22, 2019 61 

Jan. 4, 2020 – Jan. 25, 2020 22 

Jan. 27, 2020 – Apr. 5, 2020 70 
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Figure 5.1 Graphical Representation of Detector Data Gaps 

Year Month 279-SH 294-SH PMC-NH PM-Gully PM-S3 PM-TAL

2017 Aug *Aug 21 *Aug 21 *Aug 21

Sep o o o

Oct o o o

Nov o o o *Nov 29

Dec o o

2018 Jan o o

Feb o

Mar o

Apr o

May o o o

Jun o o o o

Jul o o o o

Aug o

Sep detector not installed
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Nov o o * installation date

Dec o o Length of data gap

2019 Jan o o <1 week

Feb o o o 1-2 weeks
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Apr o >3 weeks
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Jun o

Jul o o o

Aug o

Sep o

Oct o

Nov o o o o

Dec o o o o

2020 Jan o o o

Feb o o o

Mar o o o

Apr o o o

May o o o o

Jun o *Jun 26 o *Jun 25

Jul o o o

Aug o o o o o

Sep o o o o o

Oct o o o o o

Nov o o o o o

Dec o o o o o

2021 Jan o o o o

Feb o o o o

Mar o o o o

Apr o o o o

May o o o o o

Jun o o o o o

Jul o o o o o

Aug o o o o o

Sep o o o o o

Oct o o o o o

Nov Final 2021 download November 3
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In total, over 300,000 bat calls were identified from the detector recordings between late summer 2017 and 
fall 2021 (Table 5.8). Table 5.9 presents the number of files per detector-night for each identification 
category between 2017 and 2021. No measure of variation has been calculated because many of 
the categories overlap, depending on the quality of the file. All of the species expected, with the exception 
of long-legged myotis, have been detected every year.  

Table 5.8 Numbers of Bat Files by Detector (Excluding Social Calls), 2017-2021  

Year 279-SH 294-SH PM-C-
NH 

PM-D-
NH 

PM-E-
NH 

PM-
GULLY PM-S3 PM-

TAL 
Grand 
Total 

2017 17,464 4,786 - 2,631 13,276 - 3 - 38,160 

2018 10,043 3,658 10,899 - - - 2,378 - 26,978 

2019 11,557 6,232 12,945 - - - 2,118 - 32,852 

2020 51,210 14,141 22,104 - - 123 9,049 5,055 101,682 

2021 48,765 26,294 31,927 - - - 21,295 10,901 139,182 

Total 139,039 55,111 77,875 2,631 13,276 123 34,843 15,956 338,854 

Table 5.9 Files per Detector-Night by Identification Category (Excluding Social Calls), 2017-
2021 

Identification category 2017 2018 2019 2020 2021 

Low-frequency bat 2.392 2.250 2.020 0.700 6.466 

High-frequency bat 0.000 0.003 0.185 0.000 0.001 

Hoary bat 0.700 0.097 0.068 0.080 0.329 

Big brown bat 2.903 2.005 1.165 2.184 2.318 

Big brown bat / silver-haired bat 8.624 4.054 4.462 12.711 13.734 

Silver-haired bat 0.398 0.009 0.360 0.224 0.550 

Eastern red bat 0.034 0.035 0.106 0.066 0.128 

Red bat / little brown myotis 0.014 0.020 0.776 0.361 0.262 

Little brown myotis 0.177 0.292 0.764 0.699 0.460 

Long-eared myotis 0.082 0.350 0.893 5.462 4.960 

Long-legged myotis 0 0 0 0 0 

Northern myotis 0.056 0.102 0.157 0.205 0.218 

Myotis 60.487 16.332 23.228 40.938 62.870 
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5.3.2 Bat Life Stages 

Based on the number of calls in spring and autumn, the date at which bat emergence started and ended 
varied from 2018 to 2021 but hibernation consistently started September 22 for most years, except in 2018 
when it started two weeks later on October 6 (Table 5.10).  

Table 5.10 Yearly Bat Life Stages for Myotis sp. Bats at Portage Mountain 

Year Emergence start* Summer start* Swarming start* Swarming end* Hibernation start 

2017 NA NA NA NA 22/09/2017 

2018 16/04/2018 19/04/2018 NA NA 06/10/2018 

2019 11/04/2019 18/04/2019 None None 22/09/2019 

2020 11/04/2020 19/04/2020 None None 22/09/2020 

2021 09/04/2021 13/04/2021 02/09/2021 21/09/2021 22/09/2021 

*NA indicates insufficient data to calculate a period. None indicates that there was no increase in activity to identify a 
swarming period.    

Insufficient detector data were available in 2017 and 2018 during the months of August and September to 
estimate a swarming period for those years. Using data from July 15 - September 30 in 2019, 2020, 2021 
we fit a non-linear curve to the number of Myotis calls per active detector-night to estimate swarming life 
stage in each year. In 2019, the best fit curve was a Weibull 5-parameter equation, however the model fit 
was moderate (R2= 0.54, Figure 5.2). Using this equation, a peak in activity was estimated to have occurred 
in 2019 from July 20 to August 22, which likely coincides with the juvenile flight period and is too early to 
be considered a swarming period. There was no later peak in activity that occurred in 2019 and thus 
swarming was not detected in 2019. In 2020, there was no peak in activity to suggest that swarming 
occurred at either the south or north cliffs of the study area (Figure 5.3). A modified Gaussian 5 parameter 
equation was the best fit of the equations tested, but the fit (R2=0.35) was poor. In 2021 a peak in activity 
occurred (Figure 5.4, Table 5.10), suggesting a swarming period may have occurred in the study area in 
that year. A modified Gaussian 5-parameter equation was the best fit (R2=0.51) of the non-linear equations 
tested on the 2021 data, although the fit was only moderate. Based on predicted values from the best fit 
equation, the swarming period in 2021 is estimated to have started September 2 and ended September 21 
(Table 5.10). 



BC Hydro  
Site C Wildlife Monitoring – Portage Mountain Bat Studies: 2020 and 2021 Annual Report  Project No. 989619-10 
 

 April 2022 Page | 30 

220414_BCH_SiteC_PortageMt_AnnualReport_2020_21_Final_v2.2.docx 

 

Figure 5.2 Myotis Calls from July 15 to September 30, 2019 with a Modified Gaussian 
4-Parameter Bell Curve to Predict a Peak In Calls During the Swarming Period  
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Figure 5.3 Myotis Calls from July 15 to September 30, 2020 with a Modified Gaussian 
5-Parameter Bell Curve to Predict a Peak in Calls During the Swarming Period 



BC Hydro  
Site C Wildlife Monitoring – Portage Mountain Bat Studies: 2020 and 2021 Annual Report  Project No. 989619-10 
 

 April 2022 Page | 32 

220414_BCH_SiteC_PortageMt_AnnualReport_2020_21_Final_v2.2.docx 

 

Figure 5.4 Myotis Calls from July 15 to September 30, 2021 with a Modified Gaussian 
5-Parameter Bell Curve to Predict a Peak in Calls During the Swarming Period 

A summary of bat activity by life stage and detector over all years is presented in Table 5.11. Standard 
deviations have not been provided as that measure of variation is based on the normal distribution and the 
data are not normally distributed. 

The highest numbers of files recorded during all life stages were recorded at 279-SH, the detector located 
furthest from the quarry (Figure 2.1). Due to a lack of detectible swarming in 2019 and 2020 and insufficient 
data in 2017 and 2018, the fall period was defined as September 1 to the start of hibernation (Table 5.10) 
and this was applied to all years.  
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Table 5.11 Comparison of Bat Activity by Life Stage and Detector between Late Summer 2017 
and Fall 2021 

Detector Bat life stage* Total files Active detector-nights Files per detector-night 

279-SH 
(south cliff) 

emergence 628 15 41.87 

summer 102,008 417 244.62 

fall 32,933 84 392.06 

hibernation 3,698 599 6.17 

294-SH 
(south cliff) 

emergence 156 23 6.78 

summer 39,017 497 78.51 

fall 14,065 112 125.58 

hibernation 2,221 744 2.99 

PM-C-NH 
(quarry) 

emergence 58 20 2.90 

summer 58,487 440 132.93 

fall 30,242 84 360.02 

hibernation 2,429 662 3.67 

PM-D-NH 
(north cliff) 

summer 1,096 11 99.64 

fall 1,326 28 47.36 

hibernation 212 87 2.44 

PM-GULLY summer 123 11 11.18 

PM-S3 
(north cliff) 

emergence 31 16 1.94 

summer 21,965 450 48.81 

fall 12,354 63 196.10 

hibernation 686 389 1.76 

PM-TAL 
(north cliff) 

emergence 4 4 1.00 

summer 13,065 209 62.51 

fall 2,317 56 41.38 

hibernation 706 228 3.10 

*Bat life stage dates were based on Myotis activity but files are from all bat species detected. 

5.3.2.1 Emergence from Hibernation 

Emergence began consistently in the first or second week of April between 2018 and 2021 (Table 5.10), 
although data were limited by detector failures during April of 2018 and 2018 (Figure 5.1).  The highest 
numbers of files per detector-night during the emergence period were recorded at the south cliff detectors 
279-SH (Table 5.11) and 294-SH, with relatively little activity at the quarry detector (PM-C-NH) and north 
cliff detector (PM-S3 and PM-TAL).  
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The summer period also began consistently in mid-April (Table 5.10) within a few days of the start of 
emergence, indicating a swift increase in bat activity immediately after emergence. Summer activity was 
highest at 279-SH at the south cliff, followed by the quarry detector PM-C-NH and the other south cliff 
detector 294-SH. 

5.3.2.2 Fall 

Swarming was only detected in 2021 (Table 5.10). There was insufficient fall data in 2017 and 2018 due to 
detector failures (Figure 5.1) to assess for a peak in activity. In 2019 and 2020 no peak in activity was 
detected (Figure 5.2 and Figure 5.3). However, it’s possible that detector failures (Figure 5.1) in 2019 
contributed to a lack in our ability to detect swarming at Portage Mountain in that year as only one detector 
(294-SH) was active for the months of August and September and it’s possible that bats did not swarm near 
this detector. Swarming in 2021 began September 2 and lasted just under two weeks. The highest 
cumulative levels of activity during fall were recorded at 279-SH on the south cliff and PMC-NH on the north 
cliff. 

Social calls have been recorded by the Portage Mountain detectors as early as July, but most of the social 
calls recorded between 2017 and 2021 were from mid-August to late September, with the latest social call 
recorded in early October. Most of these social calls are probably emitted by big brown bat or silver-haired 
bat based on the call parameters (minimum frequency 23 to 27 kHz) and several characteristic 
search-phase big brown bat/ silver-haired bat calls recorded within seconds of when social calls were 
recorded. Social calls have been recorded every year between late summer 2017 and fall 2021. 

5.3.2.3 Hibernation 

September data were limited by detector failures in 2018 and 2019 (Figure 5.1). Hibernation began 
consistently on September 22 during 2017, 2019, 2020 and 2021, but in 2018 began two weeks later on 
October 6 (Table 5.10). Detector 279-SH recorded the highest cumulative activity during hibernation 
(6.17 files per detector-night (Table 5.11), nearly twice the number of files per detector-night recorded 
during hibernation than the detector with the next greatest number of files (PM-C-NH). 

Some bat activity was recorded during the coldest months of the year (December, January, and February). 
Files identified as big brown bat or silver-haired bat were recorded during those months during all years but 
Myotis activity was not recorded during those periods (Table 5.12).  

Table 5.12 Number of Files Recorded per Detector-night during December, January and 
February 2017 to 2021  

Year 30K Big brown 
bat 

Big brown 
bat / silver-
haired bat 

Low-
frequency 

bat 
Myotis Grand total 

2017-2018 0 0.0571 0.3429 0.1143 0.000 0.5143 

2018-2019 0 0.0000 0.5000 0.0000 0.0000 0.5000 

2019-2020 0.0333 0.0167 0.3083 0.1667 0.0000 0.5250 

2020-2021 0.0020 0.0143 0.3449 0.1388 0.0000 0.5000 

Grand Total 0.0073 0.0190 0.3397 0.1399 0.0000 0.5109 
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5.3.3 Cumulative Trends in Bat Activity 

5.3.3.1 Yearly Activity 

There were only 78 active detector-nights in the emergence period between 2018 and 2021, which was 
insufficient to model yearly bat activity in the emergence period and as a result, the Year model failed to 
converge due to insufficient data (Table 5.13).  

The Year model converged during the summer, fall, and hibernation periods 
(Table 5.14,Table 5.15,Table 5.16) and all models had sufficiently low overdispersion ratios to produce 
reliable results: the ratio of the Pearson 𝑥2 to the model degrees of freedom was <3 (Payne et al. 2018) for 
all models. During summer, fall, and hibernation, the Year model was the top model based on AIC score 
and weight (Table 5.14,Table 5.15,Table 5.16). The Year model therefore explains more of the data than 
the base and null models.  

Summer activity showed a statistically significant decline in 2018 relative to 2017, as well as an apparent 
decline in 2019 and 2020 and an increase in 2021 that were not statistically significant relative to 2017 
(Table 5.17, Figure 5.5). Note that Figure 5.5 does not account for differences in weather between years, 
but modelling results do. Fall activity showed statistically significant declines in 2018 and 2019 relative to 
2017, and a statistically significant increase in 2021 relative to 2017 (Table 5.18, Figure 5.5). During 
hibernation, bat activity showed a statistically significant decline in 2018, 2019 and 2021 relative to 2017 
and an apparent decline in 2020 that was not statistically significant (Table 5.19, Figure 5.5). Bat activity 
in all life stages increased with the average nightly temperature, and in summer and fall, bat activity 
decreased with the total amount of precipitation. During hibernation, bat activity increased with precipitation, 
but this is because the amount of precipitation does not include snow and therefore any rainfall would have 
been related to warmer temperatures (Table 5.19).  

Table 5.13 Model Selection Results for Emergence Bat Activity Models at Portage Mountain with 
Number of Parameters (K), Log-Likelihood (LL), and Akaike’s Information Criterion 
(AIC) Score and Weight for each Model 

Emergence models K LL AIC AIC 
weight 

Null: total bat calls per night ~ 1 + 1| Area/ Detector ID 4 -206.45 420.91 0.00 
Base: total bat calls per night ~ mean temperature + 
precipitation + 1| Detector ID 5 -197.67 405.33 1.00 

Year: total bat calls per night ~ year + mean temperature 
+ precipitation + 1| Detector ID 8 - - - 

Table 5.14 Model Selection Results for Summer Bat Activity Models at Portage Mountain with 
Number of Parameters (K), Log-Likelihood (LL), and Akaike Information Criterion 
(AIC) Score and Weight for each Model  

Summer models K LL AIC AIC 
weight 

Null: total bat calls per night ~ 1 + 1|Detector ID 3 -11,089.37 22,184.74 0.00 

Base: total bat calls per night ~ mean temperature + 
precipitation + 1| Detector ID 5 -10,947.61 21,905.22 0.00 

Year: total bat calls per night ~ year + mean temperature 
+ precipitation + 1| Detector ID 9 -10,840.55 21,699.10 1.00 
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Table 5.15 Model Selection Results for Fall Bat Activity Models at Portage Mountain with 
Number of Parameters (K), Log-Likelihood (LL), and Akaike Information Criterion 
(AIC) Score and Weight for each Model  

Fall models K LL AIC AIC 
weight 

Null: total bat calls per night ~ 1 + 1|Detector ID 4 -2,623.36 5,254.73 0.00 
Base: total bat calls per night ~ mean temperature 
+ precipitation + 1| Detector ID 5 -2,595.79 5,201.58 0.00 

Year: total bat calls per night ~ year + mean 
temperature + precipitation + 1| Detector ID 9 -2,560.93 5,139.87 1.00 

Table 5.16 Model Selection Results for Hibernation Bat Activity Models at Portage Mountain with 
Number of Parameters (K), Log-Likelihood (LL), and Akaike Information Criterion 
(AIC) Score and Weight for each Model 

Hibernation models K LL AIC AIC weight 
Null: total bat calls per night ~ 1 + 1|Detector ID 3 -5216.80 10439.60 0.00 
Base: total bat calls per night ~ mean 
temperature + precipitation + 1| Area/Detector ID 6 -4829.45 9670.90 0.00 

Year: total bat calls per night ~ year + mean 
temperature + precipitation + 1| Detector ID 10 -4783.96 9587.91 1.00 

Table 5.17 Model* of Yearly Bat Activity during the Summer Period at Portage Mountain  

 Variable Coefficient estimate Standard error z value Lower 95% C.I. Upper 95% C.I. 
Intercept 3.66 0.31 11.62 3.04 4.27 

Year 2018 -1.01 0.21 -4.83 -1.42 -0.60 
Year 2019 -0.39 0.21 -1.83 -0.80 0.03 
Year 2020 -0.02 0.21 -0.10 -0.43 0.39 
Year 2021 0.23 0.21 1.10 -0.18 0.63 

Mean temperature 1.01 0.07 14.78 0.87 1.14 
Total precipitation -0.42 0.03 -15.67 -0.48 -0.37 

* Model based on data from 6 detectors at 3 areas. The reference year was 2017. Coefficients in bold are statistically 
significant. 

Table 5.18 Model* of Yearly Bat Activity during the Fall Period at Portage Mountain  

 Variable Coefficient estimate Standard error z value Lower 95% C.I. Upper 95% C.I. 
Intercept 4.30 0.39 11.08 3.54 5.06 

Year 2018 -1.09 0.55 -1.99 -2.16 -0.01 
Year 2019 -1.88 0.24 -7.69 -2.35 -1.40 
Year 2020 -0.06 0.15 -0.43 -0.35 0.22 
Year 2021 0.37 0.15 2.47 0.08 0.66 

Mean temperature 0.73 0.17 4.21 0.39 1.07 
Total precipitation -0.30 0.05 -6.38 -0.39 -0.21 

*Model based on data from 6 detectors at 3 areas. The reference year was 2017. Coefficients in bold are statistically 
significant. 
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Table 5.19 Model of Yearly Bat Activity during the Hibernation Period at Portage Mountain  

 Variable Coefficient estimate Standard error z value Lower 95% C.I. Upper 95% C.I. 

Intercept 1.78 0.21 8.58 1.37 2.18 

Year 2018 -0.58 0.15 -3.86 -0.87 -0.29 

Year 2019 -1.10 0.15 -7.47 -1.38 -0.81 

Year 2020 -0.14 0.13 -1.07 -0.40 0.12 

Year 2021 -0.65 0.14 -4.56 -0.93 -0.37 

Mean temperature 1.24 0.05 27.49 1.15 1.33 

Total precipitation 0.18 0.03 5.97 0.12 0.24 

*Model based on data from 6 detectors at 3 areas. The reference year was 2017. Coefficients in bold are statistically 
significant. 

 

Figure 5.5 Yearly Bat Activity by Bat Life Stage at Portage Mountain 
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During summer and fall, the Blast model was the top AIC model as compared to the null and base models 
(Table 5.20-Table 5.21). In summer, bat acoustic activity showed a statistically significant positive 
relationship with blasting occurrence (Table 5.22). However, this effect disappears if the year 2018, which 
only included 5 blasts, is dropped from the data: blast becomes a non-significant model variable and the 
base model is the top AIC model (Appendix G). Bat activity showed a statistically significant negative 
relationship to blasting occurrence during the fall period (Table 5.23).  

Graphs of bat calls per active detector-night plotted with blasting dates and temperature for years 
2018-2021 are available in Figure 5.6, Figure 5.7, Figure 5.8, and Figure 5.9. Trends relative to blast 
dates are difficult to discern due to natural variability in the data but there does appear to be an associated 
decline in fall bat activity in 2019 and potentially in July of 2019 (Figure 5.7). In contrast, during summer 
and fall of 2020 blasting occurred on a near daily basis and a trend in bat activity is not easily observed 
(Figure 5.8). In 2021, the numbers of bat calls appear to be relatively low when blasting occurred compared 
to time intervals when there was no blasting (April to early May and mid-August to October) (Figure 5.9). 
Compared to 2019 and 2020, when blasting took place in early September, 2021 was the only year where 
blasting did not occur during the month of September and was also the only year in which a swarming 
period was identified. 

Table 5.20 Model Selection Results for Summer Bat Activity Models at Portage Mountain with 
Number of Parameters (K), Log-Likelihood (LL), and Akaike Information Criterion 
(AIC) Score and Weight for each Model. 

Summer models K LL AIC AIC 
weight 

Null: total bat calls per night ~ 1 + 1|Detector ID 3 -10,805.56 21,617.11 0.00 

Base: total bat calls per night ~ mean temperature 
+ precipitation + 1| Detector ID 5 -10,666.08 21,342.15 0.00 

Blast: total bat calls per night ~ blast + mean 
temperature + precipitation + 1| Detector ID 6 -10,654.42 21,320.85 1.00 

Table 5.21 Model Selection Results for Fall Bat Activity Models at Portage Mountain with 
Number of Parameters (K), Log-Likelihood (LL), and Akaike Information Criterion 
(AIC) Score and Weight for each Model. 

Fall Models K LL AIC AIC 
weight 

Null: total bat calls per night ~ 1 + 1|Detector ID 4 -1921.68 3,851.35 0.00 

Base: total bat calls per night ~ mean temperature 
+ precipitation + 1| Detector ID 5 -1901.38 3,812.76 0.08 

Blast: total bat calls per night ~ blast + mean 
temperature + precipitation + 1| Detector ID 6 -1897.88 3,807.75 0.92 
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Table 5.22 Model of Bat Activity in Response to Blasting During the Summer Period at Portage 
Mountain, Based on Data from 5 Detectors at 3 Areas  

 Variable Coefficient estimate Standard error z value Lower 95% C.I. Upper 95% C.I. 

Intercept 3.68 0.27 13.80 3.16 4.21 

Blast 0.29 0.06 4.80 0.17 0.40 

Mean temperature 0.75 0.07 11.02 0.62 0.88 

Total precipitation -0.43 0.03 -16.13 -0.48 -0.37 

Table 5.23 Model of Bat Activity in Response to Blasting During the Fall Period at Portage 
Mountain, Based on Data from 5 Detectors at 3 Areas  

 Variable Coefficient estimate Standard error z value Lower 95% C.I. Upper 95% C.I. 

Intercept 4.49 0.39 11.56 3.73 5.25 

Blast -0.58 0.21 -2.81 -0.98 -0.18 

Mean temperature 0.97 0.26 3.74 0.46 1.48 

Total precipitation -0.35 0.04 -8.29 -0.44 -0.27 
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Figure 5.6  
Bat Calls Per Night During the Summer and Fall Season with Average Night Temperature and 
Days with Blasting (Red Lines) in 2018.
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Figure 5.7  
Bat Calls Per Night During the 
Summer and Fall Season with 
Average Night Temperature and Days 
with Blasting (Red Lines) in 2019
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in 2020
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6.0 DISCUSSION 

6.1 Maternity Roost Monitoring 

Maternity roost monitoring was conducted during the period when bats generally give birth; between June 
and July (BC Ministry of Environment 2016b). Bats were observed exiting the previously identified roost 
9427G (Hemmera 2020) on the south cliff during emergence count surveys in 2020 and 2021 
(Section 5.2.1; Appendix D). Early emergence from roosts is likely associated with nursing female bats 
needing to forage early in the night to meet the energy demands of nursing their pups (Barclay 1989; Kurta 
et al. 1989; Lee and McCracken 2001). Some bats at 9247G were observed leaving the roost before sunset 
during late period surveys in 2020 and returning to that roost during the late-season emergence counts in 
2020 and 2021 (Section 5.2.1), behaviours consistent with females leaving early to forage and returning 
to nurse dependent pups. Female little brown myotis in Watson Lake, Yukon, emerged from their maternity 
roost significantly earlier relative to sunset during the lactation/volant young period than during 
the pregnancy period (Talerico 2008). Radio-tagged female little brown myotis in Quebec rarely returned 
to their maternity roost during the night during pregnancy but lactating females returned once or twice 
a night (Henry et al. 2002).  

At site 9427G during the maternity roosting period, the consistent activity, the number of bats observed 
(e.g., 17 bats in July 2020 and 23 bats in June 2021) emerging, and observations of bats leaving the roost 
before sunset and returning to the roost during emergence surveys all provide evidence that this site was 
most likely still being used for maternity roosting in 2020 and 2021 (Appendix D).  

The number of bats observed fluctuated between 2017 and 2021 at 9427G. An average of 40.5 bats had 
been counted exiting during early-period roost surveys in 2018 (Table 5.4). Average emergence counts in 
subsequent years did not reach the peak observed in early 2018 and were variable, but appear to have 
generally declined, particularly in 2020 and 2021. The reason for the differences is unknown and there are 
insufficient data to assess the statistical significance of the differences in the context of natural variability. 
High variability between roost counts between years and seasons is not uncommon (Burles 2000; Kellner 
2020). Schorr and Siemers (2021) captured adult female little brown myotis leaving a roost in Colorado 
each June over multiple years. Annual numbers of bats at that roost ranged from 30 to 162. 

The variation in roost count numbers at Portage Mountain could be due to a number of factors, such as the 
following: 

• roost switching by some individuals between years (Section 5.2),  as roost-switching by female 
little brown myotis has been documented to occur frequently in the Yukon (Slough and Jung 2020) 
and in the lower mainland of BC (Rensel 2021); 

• variation in weather during emergence counts resulting in some bats leaving the roost later; 
• observer error in accurately counting distant, fast-moving bats in low-light conditions; 
• quarry activity affecting the patterns of maternity roost use. 

Previously suspected maternity roosts such as 6287F on the south cliff, and NHEC3b at the north cliff 
(Hemmera 2020), had low numbers of bats emerging during the 2017 to 2019 surveys compared with roost 
9427G, and no bats were observed there in 2020 or 2021. As described above, roost-switching, observer 
error or quarry activity could be the cause of the observed cessation of use. Changes in the suitability of 
the roost itself (e.g., incursion of woodrats, parasite infestation, vegetation growth shading the roost) could 
also cause roost abandonment or roost-switching. The trees, cliffs and talus within the study area – and 
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in other forest stands and rock faces on Portage Mountain outside of the study area – offer multiple crevices 
that appear suitable for bat roosting and it is unlikely that bats at Portage Mountain are limited to specific 
features. There were multiple other sites in the north and south cliffs where bats were observed emerging 
(Section 5.2) that could also be maternity roosts, but were used by fewer bats than the threshold of 
10 individuals used for determining likely maternity roosts  (BC Hydro 2020). 

No new roosts were identified during the 2020 and 2021 emergence counts, but continuous bat activity was 
observed visually and recorded on handheld detectors across the entire south and north cliffs at dusk during 
emergence counts. Continued observations of bats early in the evening at emergence time suggests that 
bats continue to use rock features in the cliffs as roosting sites despite quarrying activity. Bats may move 
between crevices at the north and south cliffs as well as between tree roosts, making the identification of 
specific roosts and ongoing monitoring of maternity colonies challenging. Ongoing technical issues have 
limited the utility of data from the roost loggers in assessing bat roosting activity. Although emergence 
counts of bats at sunset and inspection of rock features with roosting potential are the best and least 
invasive methods to monitor bat activity at specific rock roosting locations, these techniques are limited by 
the difficulties of safely accessing the rock faces and getting close enough to the features under study to 
conduct an accurate count.  

Consistent with previous reports, there is still no evidence of roosting bat activity at the small rock outcrops 
at the top of the quarry and the small bluff previously surveyed by Hansen et al. (2016) where the detector 
PM-S3 is deployed. Those areas are close to quarry development and operation activities, including forest 
harvest and road-building beginning in 2016. Emergence counts conducted from 2017 to 2021 did not result 
in observations of bats emerging from those two locations. These results continue to suggest that the larger 
cliff bands (south and north cliffs) with their large, and more exposed complex roosting habitats provide 
more suitable habitat for bats than the rock outcrops at the top of the quarry and the small bluff next to 
the quarry.  

There are other habitat types in the study area that are expected to be used by roosting bats, at least 
outside of the hibernation period. Individuals using tree roosts in the study area will also be recorded on 
the bat detectors and may switch between tree roosts and rock crevice roosts. All of the bat species present 
in northeastern BC may use trees as roosts (BC Ministry of Environment 2016b; Lausen et al. 2022b), of 
which there are many nearby. Bats have previously been observed moving back and forth between 
a mature stand of balsam poplars at the bottom of the gully between the north and south cliffs and larger 
forest polygons east of 400 Road (M. Sarell, pers. comm. 2018).  

6.2 Bat Species Presence and Seasonal Bat Activity from Passive Acoustic Monitoring 

6.2.1 Species Presence 

Species diversity remains unchanged at Portage Mountain from 2017 through 2021. Seven of the eight bat 
species that have been identified from acoustic data previously in the study area between 2017 and 2019 
continued to be detected in 2020 and 2021, including the at-risk little brown and northern myotis. 
Long-legged myotis was not detected during passive acoustic monitoring in 2020 and 2021. This species 
is difficult to distinguish acoustically from some other Myotis species (especially little brown myotis) so 
it may be present but not detected. Big brown bat and long-eared myotis were the most common bats in 
2018 through 2021, while in 2017 more hoary bat, silver-haired bat and little brown myotis files were 
identified than long-eared myotis files. The 2017 monitoring did not begin until August 21, which may have 
resulted in relatively more migratory species being detected. 
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The bat species detected are discussed below, along with their presence through the seasons. Bat activity 
data confirm that the periods of hibernation and emergence for bats at Portage Mountain are within 
the no-blasting temporal exclusion period (September 15 – May 15), suggesting that the timing of 
this mitigation was appropriate to avoid impacts on those behaviours.  Activity consistent with regular life 
stages of bats was recorded in 2021 after three years of quarry operation (i.e., emergence from hibernation, 
maternity roosting, swarming), and even detections during the coldest months of winter, which collectively 
is evidence that the habitat and conditions at Portage Mountain remain suitable for bats. The calls recorded 
during the winter and early spring suggest that bats are hibernating near the Portage Mountain detectors. 

Hoary bat 

Hoary bats were detected almost exclusively (96% of the files identified as hoary bat) in July through 
September from 2017 through 2021, suggesting that this species passes through the Portage Mountain 
area primarily while on fall migration and consistent with the results of other studies (Nagorsen et al. 2014). 
Spring migration may follow an alternate route. Migration routes of hoary bats are poorly known (Baerwald 
et al. 2014; Wieringa et al. 2021) and may exhibit a high degree of individual variation (Weller et al. 2016). 

Eastern red bat 

The eastern red bat is believed to be undergoing a range expansion in western Canada (Lausen et al. 
2022a; Solick et al. 2020) and makes up just 0.1% of the calls recorded in 2020 and 2021. Eastern red bat 
was detected in all years, with the earliest detections recorded April 21 in 2020 and April 14 in 2021, and 
latest detections recorded on October 13 in 2018 and October 3 in 2020. This species was identified in 
June, July, and August in all years from 2018 through 2021 with peak numbers of detections in July and 
August.  

Silver-haired/Big brown bat 

Acoustic characteristics of silver-haired bat and big brown bat calls may overlap (Lausen et al. 2022a) and 
many files were assigned to the group that included both species (Appendix A). Files identified specifically 
as silver-haired bat first appeared in April. Only big brown bats were detected during winter studies along 
the Peace Reach of Williston Reservoir, and it has been hypothesized that silver-haired bats migrate to and 
from the Peace region seasonally (Paterson et al. 2017). Big brown bat files were recorded in all seasons 
and this species likely hibernates in the vicinity of Portage Mountain. The big brown bat is known to be 
particularly cold-tolerant (Baerwald 2017), and individuals hibernating in rock crevices in Alberta have been 
recorded arousing an average of 17 times per winter (Lausen et al. 2022a). Studies of hibernating big brown 
bats on the Canadian prairies revealed that winter flight was common, but individuals rarely switched 
hibernacula during mid-winter (Klüg-Baerwald et al. 2017).  

Few bat calls were recorded at Portage Mountain during the coldest months (i.e., December, January, and 
February; Table 5.12). All were identified as big brown bat, big brown bat/silver-haired bat, or low-frequency 
bat. Of the 171 bat files recorded in January and February of 2021, 102 were recorded at detector 279-SH, 
the southernmost detector. All detectors except PM-S3 were functioning during those months (Figure 5.1).  
Bats active during these months may hibernate closer to detector 279-SH than to the other detectors, or 
the primary flight path of bats leaving and re-entering hibernacula during the winter is south over 279-SH, 
rather than north over the other detectors. The 279-SH detector is also one of the detectors furthest 
from quarry activity, although blasting and heavy construction have not occurred during the winter. 
The 279-SH detector also had a high average number of files recorded during the fall and during emergence 
(Table 5.11), further evidence that it is close to a hibernaculum. 
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Bats were recorded at Portage Mountain during temperatures as low as -7.4°C in April of 2021 
(Appendix D).  Bat activity during winter has been documented on many occasions in several bat species, 
including long-eared myotis and big brown bat at southern locations on the Canadian prairies (Lausen and 
Barclay 2006) and northern myotis and big brown bat in Nebraska (Lemen et al. 2016). However, few 
studies have focused on winter activity in northern climates (Reimer et al. 2014). Bat emergence during 
the hibernation period is still not well understood. Some studies and observations in the prairies have 
suggested that bats will arouse during winter to drink near or inside the hibernacula or move between 
winter roosts, and there have been records of mating activity (BC Ministry of Environment 2016b; Lausen 
and Barclay 2006; Lemen et al. 2016; Lowe 2012). Winter bat activity has been detected at -10.4oC in 
Alberta (Klüg-Baerwald et al. 2016).  

Myotis 

The Myotis species group includes the two species classified as endangered on Schedule 1 of SARA, little 
brown myotis and northern myotis. Hibernacula of these species have been identified as critical habitat 
features (Government of Canada 2018). Myotis species typically are inactive during the winter while in deep 
hibernation so late fall detections followed by early spring detections can be used to infer the nearby 
presence of hibernacula. 

Paterson et al. (2017) reported no winter Myotis detections along the Peace Reach of Williston Reservoir 
(including 5 detectors within 15 km of the Portage Mountain Quarry) and noted that a general lack of winter 
Myotis activity seemed common to other studies within the Peace Region, even at locations where they 
were detected in late fall and early spring. Paterson et al. (2017) also reported Myotis emerging from 
hibernation in early to mid-April, consistent with the findings of this study. Lausen and Barclay (2006) 
reported Myotis detections on the Canadian prairies when temperatures at emergence were above -5.8oC.  

Northern myotis had an 89% probability of detection during the winter in Nebraska at temperatures >5oC 
(Lemen et al. 2016). Northern myotis has been known to move between hibernacula during winter 
in southern regions (Whitaker Jr and Rissler 1992; Lemen et al. 2016), although no winter detections have 
been recorded in most of their range, including the Peace Region. This species tends to hibernate in smaller 
numbers and is not as active during the winter as other bats such as big brown bat and silver-haired bat 
(Caceres and Barclay 2000; Boyles et al. 2006), which could explain its absence from Portage Mountain 
winter records. 

6.2.2 Seasonal activity 

The bat activity patterns observed at Portage Mountain and the associated inferences drawn are consistent 
with those of other published studies (e.g., Barclay 1989; BC Ministry of Environment 2016b; Kurta et al. 
1989). A summary of activity in each season is provided below. 

Winter 

Bats are not known to venture far from hibernacula during the low temperatures of winter due to the need 
for energy conservation (Holroyd et al. 2016), so it is likely that hibernation by big brown bats and Myotis 
species is occurring in or near Portage Mountain. The winter observations from acoustic monitoring suggest 
that hibernating big brown bats are occasionally active during the winter and are most likely using the rock 
crevices in the study area as hibernacula. It also suggests that Myotis species are virtually inactive 
during the winter, based on the lack of calls, but are very likely hibernating in the area based on calls 
recorded during late fall and very early in the spring.  
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The winter temporal restriction on blasting at the quarry between September 15 and May 15 eliminates 
disturbance from blasting during the hibernation period for Myotis (Table 5.10). Most non-migratory BC bat 
species form mating swarms in areas where they will hibernate during the winter, similar to other bat species 
in temperate areas (van Schaik et al. 2015).  

Spring  

Simpson et al. (2013) reported that Myotis activity was first detected in spring at potential hibernacula 
at the Alwin Holland cliffs on the Peace River on April 6 of 2011, five days after detector installation, and at 
Tea Creek on April 3, three days after detector installation, while the larger bat species were first recorded 
slightly earlier (the first or second day after detector installation). No detectors were deployed during 
the winter in that study. Bats in that study were first recorded at foraging sites (waterbodies) in mid to late 
April. Acoustic data indicate that Myotis bats begin emerging from hibernation on Portage Mountain in 
mid-April, and migratory bats start using the area at the end of April (Appendix B; Table 5.10). Big brown 
bats are active frequently through the winter so it is more difficult to define the date of the first spring activity 
The spring temporal restriction on blasting at the quarry to after May 15 eliminates disturbance from blasting 
during the emergence period and the beginning of the summer period for Myotis (Table 5.10). 

Summer and fall 

Summer bat activity recorded by the long-term detectors in 2020 and 2021 (Appendix D) showed 
increasing levels of activity in June and July, consistent with increased activity by reproducing females and 
the general pattern of bat activity increasing in response to warmer temperatures and greater availability of 
insects. Further increases in Myotis activity in mid-August into September are likely due to a combination 
of additional bats returning from their summer roosts, feeding activity as young of the year become volant, 
and fall swarming. Hibernating species begin fattening for winter by increasing their foraging activity, using 
torpor more frequently during the day and between foraging bouts, choosing cooler roosts to conserve 
energy and returning from their summer sites to the hibernating area in preparation for mating (MOE 2016a; 
Kerth et al. 2001; Lausen and Barclay 2003; Rintoul and Brigham 2014). Social calls are often an indication 
of mating behaviours (Pfalzer and Kusch 2003; van Schaik et al. 2015).  The detection of social calls during 
the fall together with a peak of activity consistent with swarming in fall in 2021 (Section 5.3.2.2), provide 
additional evidence that bats are continuing to use the cliffs within the study area as hibernacula.  

6.3 Bat Response to Quarry Activity 

The noise and vibration from quarry activities appear to have remained below the thresholds specified in 
the bat mitigation and monitoring plan (BC Hydro 2020) despite the variation in year to year quarry activities 
(Table 3.4). Trend analysis of bat activity in response to quarry blasting has produced results 
(Section 5.3.3) that show variable interactions between bats and quarry activity. These results, which 
varied by year and by bat life stages, show that in some years and for some bats there are interactions that 
suggest a positive or negative trend as a result of quarry activity. 

Emergence and Summer 

The emergence period was too brief (3 to 8 days, depending on year) for there to be enough data to assess 
for temporal trends during the emergence period. The difference in bat activity during summer 2019 to 2021 
compared to 2017 was not statistically significant, but this may be due to only 11 active detector-nights 
during which data were recorded in the 2017 summer period, (Appendix F), increasing the chance of 
a type II statistical error. 
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Blasting does not appear to have had a negative impact on bats during summer (Table 5.22 
and Appendix G). 

Swarming 

Pre-hibernation swarming activity in BC and in the Peace region typically occurs in fall. For example, high 
bat activity (up to 3,000 files - mostly Myotis - in a single night) recorded at the end of September 2011 at 
the Bear Flats cliffs on the Peace River was suggestive of swarming (Simpson et al. 2013). At Tea Creek, 
another suspected cliff hibernaculum on the Peace River, bat activity peaked between August 31 and 
September 10. Andrusiak (2014) conducted reconnaissance acoustic sampling at Portage Mountain 
in 2013 between August 29 and September 5, and the highest amount of activity was recorded 
September 2 to 3.  At Portage Mountain in 2021 Myotis activity peaked somewhat later, in mid-September 
(Appendix D). This was the only year that a peak in bat activity at Portage Mountain could be detected 
within the usual fall swarming period (Section 5.3.2.2), however, detector failures during late August and 
September 2017 - 2019 (Figure 5.1) have limited the amount of data available for those months.  

Blasting may have had an impact on swarming activity at Portage Mountain. Fall activity showed statistically 
significant declines in 2018 and 2019 relative to 2017, but a statistically significant increase in 2021 relative 
to 2017. Bat activity also showed a statistically significant negative relationship with blasting occurrence 
during the fall period (Table 5.23). Furthermore, in 2021 blasting ceased on August 17, which was earlier 
than other years and well before the 2021 swarming period (September 2 to September 21; Table 5.2) and 
2021 was the only year during which a peak in bat activity at Portage Mountain was detected during the 
swarming period. Blasting in 2019 and 2020 continued until mid-September (Table 3.4), which overlaps 
with the typical swarming period in other parts of the Peace region. The earlier cessation of blasting in 2021 
may have had less impact on swarming behaviours. Bats are very likely to have been using tree roosts as 
well as rock roosts during the swarming period, including tree roosts within the buffer zone and much closer 
to the quarry than the rock roosts that were monitored. An alternative explanation for the lack of detectible 
swarming is that the tree-roosting bats closer to the quarry may have been subject to higher levels of quarry 
noise and vibration disturbance from blasting, potentially altering swarming activity. 

Swarming behaviour has been relatively little studied, and the purposes of swarming are still under 
investigation (Burns and Broders 2015; Neubaum and Siemers 2021). Most studies of swarming have been 
undertaken at large, point-location hibernacula such as caves or mines (Burns and Broders 2015; Lowe 
2012; Muthersbaugh et al. 2019b; van Schaik et al. 2015), and the form of the behaviour at smaller, more 
dispersed rock crevice hibernacula, including its annual variability in space and time, is unclear. It is 
possible that swarming at Portage Mountain occurs during some years at other locations outside our study 
area, out of range of the detectors. Crevices potentially providing suitable hibernacula are broadly 
distributed across the north and south cliffs of the study area and beyond. The landscape at Bear Flats and 
Tea Creek on the Peace River where swarming was recorded in the fall (Simpson et al. 2013) differs from 
the study area in that these are prominent sites with extensive areas of concentrated vertical rock habitat 
and considerable clear airspace to facilitate recording bats.  

Hibernation 

During the hibernation period, bat activity showed a statistically significant decline in 2018, 2019 and 2021 
relative to 2017 (Table 5.19, Figure 5.5). This suggests a potential influence from quarrying activity, 
although there was reduced quarry activity and no blasting during the hibernation period (Section 3.1).  
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There is minimal information in the literature regarding responses of hibernating bats to industrial activity. 
The arousal responses of four species of hibernating bats in an active mine to underground mining blasts 
in Wisconsin were studied by Summers (2017). Bat arousals increased significantly after underground 
blasts, although the study could not distinguish between multiple individuals arousing and multiple 
detections of the same individual (Summers 2017). Luo et al. (2014) studied the responses of torpid greater 
mouse-eared bats (Myotis myotis) to noise disturbance, finding that bats responded most strongly to colony 
(conspecific) and vegetation (wind in trees) noise while responses to anthropogenic (traffic) noise were 
relatively weak. There was evidence of rapid habituation to repeated and prolonged exposure to noise, with 
habituation to traffic noise being more pronounced than to bird, colony or vegetation noise (Luo et al. 2014).  

Bat Responses to Noise 

Bats’ perception of noise is different from the way people perceive noise (Caltrans 2016, Page and Bernal 
2020) and for this reason assessments of quarry effects should consider the sensitivity of bats to noise 
frequencies. There is little information available on the noise levels that result in disturbances to roosting 
bats, causing Caltrans (2016) to suggest as a conservative response to these unknowns that the minimum 
noise criterion for assessing potential adverse effects on bats is the distance at which project noise 
attenuates to background noise levels. Caltrans (2016) also noted that measured noise levels are likely 
overestimates of the actual noise that is within the spectral range of bat hearing. Background daytime noise 
levels measured near Portage Mountain in 2020 ranged from 33 dBA to 55 dBA and averaged 44.4 dBA 
(Dailyde and Johnston 2020; Section 5.1 and Appendix C). Quarrying noise from all sources (i.e., blasting 
and other quarry operating activities) averaged within the range of background noise level but sometimes 
exceeded it: south cliff nighttime averaged 41 dBA (maximum 52.7 dBA) and during the day averaged 
45-47 dBA (maximum 53.1 dBA), and at the north cliff averaged 48 dBA at nighttime (maximum 55 dBA) 
and 55 dBA (maximum 57 dBA) during the day. Again, bats roosting in trees within the Portage Mountain 
Quarry disturbance buffer may have been subject to increased noise disturbance compared to those 
roosting in the cliffs and trees outside the buffer. 

Bats are rarely sensitive to noise frequencies below 12 kHz (Page and Bernal 2020) and as a result 
the sound spectra of construction and traffic noise ‘do not appreciably overlap with most bat echolocation 
calls or their hearing of them’ (Caltrans 2016). The audiometric range of the big brown bat spans 10 kHz to 
100 kHz (Simmons et al. 2016) and its hearing is most sensitive at 20 kHz (Koay et al. 1997). The lower 
hearing limit of the little brown myotis has been reported as 10 kHz, with peaks in sensitivity at 20 and 
60 kHz (Dalland 1965 as reproduced in Department of Psychology 2021). Blasts at Portage Mountain 
Quarry were typically in and around 15 Hz (Dailyde and Johnston 2020). 

There was little difference in the amount of high-frequency (6,300-20,000 Hz) noise measured at the south 
cliff during days with construction versus days without construction (Section 5.1; Dailyde and Johnston 
2020). The greatest difference was 0.07 dB, which the authors attributed to the speed at which 
high-frequency noise is attenuated. Ultrasound frequencies over 20 kHz may be more disturbing to bats 
than lower-frequency noises such as those from instruments like surveying equipment. However, 
ultrasound attenuates swiftly as it travels through air, meaning that an ultrasound source would need to be 
very close to a bat for the noise to be audible. Arnett (2013) noted that a 65 dB level of noise can only be 
achieved by ultrasound noise sources within 5-20 m, depending on the portion of the ultrasound spectrum. 
The rapid attenuation of ultrasound through air (Drew et al. 2016) combined with the additional shielding 
effects of the rock within which the bats are roosting, over 130 m away, make it very unlikely that bats in 
the identified rock roost locations at Portage Mountain would detect any ultrasound produced at the quarry. 
Bats were likely to have been roosting in trees within the 300-m spatial buffer, closer to the quarry, and may 
have been subject to high-frequency noise produced at the quarry. 
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Unmeasured Parameters 

Some of the variation in interactions between bat and quarry activity across bat life stages may be due to 
uncontrollable variables. Bat activity is known to be influenced by wind speed but no local source of wind 
data was available so that variable could not be included in models. Bat responses to blasting disturbance 
could also be affected by the number of blasts per day, though it was rare that there was more than one 
blast in a day at Portage Mountain. In particular, the results of the Blast model during summer (Table 5.22) 
are likely due to confounding factors because a positive response of bat activity to blasting is unlikely.  

The level of noise and how far noise travels is dependent on many variables, including distance to blast, 
vegetation, weather, and geography. For example, quarry noise levels at the north cliff are higher 
than at the south cliff because there is a clear line of sight from the quarry (Dailyde et al. 2020). Based on 
Figure 5.7, Figure 5.8, and Figure 5.9, bats do not appear to be responding to singular blast events, but 
during periods of concentrated blasting, activity might be depressed lower that what would be expected for 
the temperature and time of year. For example, in 2019, the highest concentration of blasting occurred in 
mid-August to mid-September when a peak in activity would have been expected due to swarming, but 
instead bat activity was relatively low. Bats may have a threshold response to disturbance (Bennett and 
Zurcher 2013), where no change is evident in bat activity until a particular level of disturbance is reached. 
That threshold may vary by species, life stage and sex, which could also affect the variation in the results 
of the trend analysis. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

Acoustic monitoring conducted at the north and south cliffs confirm that the quarry blasting cessation period 
(September 15 to May 15) avoided the periods of hibernation and emergence but blasting did overlap 
the swarming period in early September. The data also confirm the maternity roost occupation period 
(June 1 to August 15). These results support the need for spatial (buffer zones) and temporal (no-blasting 
period) mitigation described in the Bat Mitigation and Monitoring Program (BC Hydro 2020).  

Results of the monitoring data analysis suggest that quarry mitigation has been generally effective: 

• Noise and vibration monitoring during 2018 through 2021 (Appendix C) confirmed that work activity 
within the quarry appears not to have exceeded the noise and vibration thresholds in the bat 
mitigation and monitoring plan (BC Hydro 2020). 

• Nearly all bat species previously observed in the study area starting in 2013 continue to be present 
based on acoustic data, including little brown myotis and northern myotis. Long-legged myotis 
has not been confirmed in recent years but acoustic recordings of this common and 
widely-distributed species are extremely difficult to discern from those of other 40 kHz Myotis 
species (Lausen et al. 2022a). 

• Data consistent with normal annual life stages of bats continue to be recorded in 2021 after three 
years of quarry operation, such as: 
▫ emergence from hibernation; 
▫ maternity roosting;  
▫ fall activity (swarming; albeit variable); and  
▫ production of social calls prior to winter hibernation. 

• Ongoing detections of big brown bat during the coldest months of winter are consistent with 
continued hibernation by this species nearby. 

While these results suggest that quarry mitigation has generally been effective, some results suggest 
potential adverse effects and / or improvements to mitigation that could increase effectiveness.  

For example, the maternity roost 9427G continues to be used, although in general, fewer bats have been 
counted emerging there since the peak number observed in 2018. It is unclear if the change in numbers 
represents a real decline or natural variability in roost use (Kellner 2020; Schorr and Siemers 2021).  

Additionally, the trend analysis of bat responses to quarry disturbance produced results that vary by year 
and by bat life stage. In general, there was a decline in bat activity in 2018 and 2019 relative to 2017 when 
the quarry started (Table 5.17,Table 5.18,Table 5.19), but in the 2021 fall period, bat activity increased, so 
the decline was not consistent. The decline was, however, fairly consistent during the hibernation period - 
bat activity at Portage Mountain decreased in all years relative to that recorded in 2017 although 
the decrease in 2020 was not statistically significant.  

The modelling results indicate that bat activity declined in the fall period during blasting at the quarry 
(Table 5.23). Since bats tend to swarm where they hibernate (van Schaik et al. 2015) it’s possible that 
quarry activities, such as blasting, are causing bats to swarm elsewhere and possibly hibernate elsewhere 
where overwintering conditions could be different and potentially less suitable.  
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Recommendations are described below. Implementation of these recommendations would increase 
the quantity of the monitoring data to support future analysis of the effects of the quarry. BC Hydro plans to 
continue monitoring bats at Portage Mountain.  As rock extraction at the Portage Mountain Quarry by BC 
Hydro has now been completed, no recommendations have been developed for modification of 
the mitigation for Portage Mountain quarry operations specifically. 

1. The 2020 bat mitigation plan specifies a threshold of 10 bats emerging to define a maternity roost
(BC Hydro 2020). This threshold may be high as maternity roosts may have fewer than 10 bats
(M. Sarell, pers. comm. 2019). Specifying a lower number of individuals to be used as the threshold
in future roost monitoring would also be more consistent with the ‘significant roost’ definitions
provided in the provincial BMP (BC Ministry of Environment 2016c), which include thresholds of
6 and 4 individuals for some species/sex criteria.

2. Monitoring of the maternity roost 9427G should be continued to confirm if the changing numbers of
bats recorded emerging from this roost represent a persistent decline or a change that reverses
due to a combination of natural variation and the decline in quarry activity.

3. Acoustic data collection should continue as reclamation activities begin at the quarry, with
the objective of comparing 2022 data with previous years to assess whether bat activity levels
increase once rock extraction at the quarry has been terminated.

4. Expanding the no-blasting period to include the swarming period, e.g., September 1 to May 15,
should be considered for mitigation of future mining and quarrying operations in proximity to bat
hibernacula, to avoid potential impacts of blasting during this period.
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Text description of call characteristics of bat species in the study area, modified from Lausen, C. 
2017. Bat data analysis cheatsheet. Unpubl. 

Common 
name 

Scientific name 
(species code) Description* 

Big brown bat 
/ silver-haired 

bat  

Eptesicus fuscus / 
Lasionycteris 
noctivagans 

(EPFU/LANO) 

Calls are very similar. Diagnostic features include:  LANO produces flat 
calls at 25 kHz, which EPFU does not; EPFU tends towards higher 
frequencies in clutter seen as an Fmax that can start above 60 kHz, 
whereas even with higher clutter calls (call duration < 6 ms), LANO tends 
towards Fmax values <50 kHz. The presence of second harmonic can aid 
in making differentiation because an Fmax <50 kHz can be attributed to 
species differences rather than distance of bat from microphone. 

Eastern red 
bat 

Lasiurus borealis 
(LABO) 

Can have a low Sc <45 in open environments.  Fmin ranges from 35 – 
45 kHz and calls often have a characteristic "upturn" to the toe.  MYLU in 
open environments can produce calls with very low Sc values also, so in 
an uncluttered situation, differentiating LABO and MYLU should be done 
using more than just call parameters.  MYLU will generally have a more 
pronounced "elbow" or bend to its call (like a hockey stick shape) that you 
do not see in LABO (which instead is a smoothly curving call) Also, LABO, 
being a lasiurine, will tend to an undulating up/down call pattern 

Hoary bat 
Lasiurus cinereus 

(LACI) 

Long passes containing numerous pulses will be needed to differentiate 
this species from other low-frequency bats unless the calls are obviously 
<20 kHz with long duration (>10 ms) and TBC* (>400 ms).  When call Fmin 
is > 20 kHz, the duration and TBC is substantially less, but there will 
generally be an "up and down Fmin pattern" which characterizes this 
species 

Long-eared 
myotis 

Myotis evotis 
(MYEV) 

Calls are generally steep (Sc>250+ but as low as 150 in some cases), with 
Fmin varying from 30 kHz up to 40.  Can overlap with northern myotis at its 
highest Fmin (~39 - 42 kHz).  At higher frequencies where MYEV and 
MYSE can overlap, these passes should be placed into a general 
“long-eared” category. EPFU/ LANO can produce calls around 25 kHz that 
are steep, so there is possibility of overlapping with this species group, 
however, their Sc+ values are usually <150, whereas long-eared calls are 
steeper than this 

Northern 
myotis 

Myotis 
septentrionalis 

(MYSE) 

Calls are generally steep, but unlike some of the other long-eareds, 
their call body slopes are more often low (as low as 150 OPS). Individual 
calls are generally Fmin 38-48 kHz.  Below 43 kHz, MYSE overlaps with 
MYEV and would thus be grouped within the “Long-eared” category.   

Little brown 
myotis 

Myotis lucifugus 
(MYLU) 

Often included in a more general “Myotis” or “High-frequency” category as 
MYLU calls resemble those of other Myotis species.  Generally, this 
species echolocates with Fmin 32-45 kHz with a highly variable slope 
(Sc can be as low as 20 OPS in extremely uncluttered situations, but higher 
than 400 OPS in a cluttered situation such as interacting with another bat or 
encountering vegetation). In low clutter, the low slope of MYLU generally 
allows it to be discerned from other myotis; a pronounced bend (elbow) in 
the pulse may be seen in low clutter, and this feature is typically not present 
in other 40 kHz myotis. This species is widespread across Canada and is 
versatile in its echolocation, such that variation is immense.  

Long-legged 
myotis 

Myotis volans 
(MYVO) 

 Similar call to MYLU.  Include in a more general “Myotis” or “High-
frequency” category.  

* Fmin = minimum frequency, OPS = octaves per second, Sc = Slope of the call, TBC = Time between calls 
Sources  
Nagorsen, D. and Paterson, B. 2012. An update on the status of red bats, Lasiurus blossevillii and L. borealis, in 
British Columbia. Northwestern Naturalist 93:235-237.  
Weller, T.J., V.M. Seidman, and C.J. Zabel.  1998.  Assessment of foraging activity using Anabat II:  A cautionary 
note. Bat Research News 39: 61- 65.
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Acoustic Characteristics of Bat Species in the Study Area (modified from Lausen 2016 with input from Hansen, I-J (pers. comm. 2018) 

Species Group* Common Name Acoustic Parameters 

Little Brown 
Myotis / 

Eastern Red 
Bat 

Myotis 
Species 

Big Brown / 
Silver-

haired Bat 

High-
frequency 

Bat 

Bats with 
Minimum 

Frequency 30 
kHz  

Low- 
frequency Bat Species 

Duration (milliseconds)  Maximum Frequency 
(kHz)  

Minimum Frequency 
(kHz)  

Characteristic Frequency 
(kHz)  

Slope of Call Body 
(Octaves per second) 

Avg**. Range of 
Averages Avg. Range of 

Averages Avg. Range of 
Averages Avg. Range of 

Averages Avg. Range of 
Averages 

            Hoary bat 9.5 7.2–3.5 34 24–42  21 18 - 23  22 20 - 24  29 13 - 57.5 

            Silver-haired bat 7.3 4.9–12.1 37 28–49  25.5 23–27  27 25–28  36.5 11–73.5 

            Big brown bat 7 3.3–13.3  41 26–62  25.5 21–31  27 21–32  48 12–135 

            Long-eared myotis 4.1 1.4–2.4  64 49–88  34 29–41  42.8 34.5–66.6  343 158–855 

            Long-legged myotis 3.2 1.7–6.3  68 56–85  41 36–45  47 39–63  202 64–503 

            Eastern red bat 6.5 5–8  53 49–59  41 37–45  41 37–45  29 23–41 

            Little brown myotis 3.5 1.6–6.7  76.5 49–91  42 32–47  48 38–57  175 63–464 

            Northern myotis 1.9 1.0–2.7  71.5 51–81  42 38.5–44  51 45–57  354 211–484 

*Grey cell = Bat categories are assigned to groups of bats based on the frequency (kHz) of their calls 
**Avg. = average 
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1.0 INTRODUCTION 

Tetra Tech Canada Inc. was retained by BC Hydro to complete an assessment of blast monitoring data from the 
riprap quarry at Portage Mountain, Hudson’s Hope, BC. This report details the review of the available monitoring 
data from the 2019 and 2021 construction seasons and provides estimates for the sound concussion, shockwave 
and ground vibration produced from blasting at the Portage Mountain riprap quarry during the 2020 construction 
season. The estimated values were compared to the thresholds stated in the Best Management Practices 
Guidelines for Bats in British Columbia, Chapter 2 (Holroyd and Craig, 2016). These thresholds include the following 
with respect to blasting: 

 Sound concussion of less than 150 decibels (dB); 

 Shockwave of less than 15 p.s.i. (104 kPa); and 

 Ground vibration of peak particle velocity (PPV) of less than 15 mm/s. 

In 2019, the blasting at Portage Mountain Quarry (PMQ) was monitored to produce a baseline for the expected 
sound concussion, shockwave, and ground vibrations from blasting operations. The 2020 blasting program was 
planned to use similar blast layouts as in 2019 and therefore the blasts were not monitored. However, during the 
2020 blasting program, the blast layouts changed without additional monitoring being undertaken. The purpose of 
this memo is to estimate the sound concussion, shockwave, and ground vibrations resulting from the 2020 blasts 
using the site-specific data collected from monitoring the 2019 and 2021 blasting programs. 

Since the degree to which blasting sound and vibrations propagate is atmospheric and site dependent, site specific 
blasting parameters were developed based on the field reports supplied by BC Hydro. Tetra Tech’s derivation of 
these site-specific parameters relied entirely on the field data available. 

2.0 NOISE AND VIBRATION MONITORING DETAILS 

Bat hibernacula are located to the north and south of the quarry. Monitoring locations were set up as part of the 
2019 baseline data collection program near the hibernacula. These locations have been used for each subsequent 
annual blasting program. The coordinates for the monitoring locations are presented in Table 2.0-1 below.  
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Table 2.0-1:  Monitoring Location Coordinates 

 

Baseline noise and blast vibration monitoring was conducted in 2019 by RWDI and the results provided in  
Site C Portage Mountain Quarry Hibernacula Noise & Vibration Study 2019 Report.   

Spot noise monitoring was undertaken during the 2020 blasting season. No vibration monitoring was undertaken in 
2020.  

In 2021, noise and blast vibration monitoring was routinely undertaken at the north and south monitoring locations.  

2.1 Blast Design Reports 
The blast design reports and summary tables were provided for most blasts during the 2019, 2020, and 2021 
blasting programs. When reviewing the blast design reports versus the summary blast information tables, some 
discrepancies and errors were found. Tetra Tech revised the summary blast information assuming the blast design 
and diagram information best represented the blasting undertaken.  

3.0 BLAST VIBRATION ANALYSIS 

3.1 Blast Vibration Data 
The Instantel seismographs used to monitor blasting vibration measure the vibrations caused by the blast in three 
directions: longitudinal, transverse, and vertical. The peak particle velocity (PPV) for a blast is the highest of those 
three values recorded. The Best Management Practices Guidelines for Bats in British Columbia provide a ground 
vibration limit of less than 15 mm/s for the PPV.  

The vibration monitoring data for the 2019 program was provided as peak vector sum (PVS) values. The PVS is 
the 3D sum of the three axes (3D Pythagoras). As a result, the PVS is always larger than the PPV and if used to 
develop a site-specific equation for a site, can result in a 10% to 25% over estimation of the PPV value. For this 
reason, the 2019 data was excluded from the data set used to develop a site-specific equation for the Portage 
Mountain Quarry site. However, even with the potential PVS overestimation of the PPV, all 2019 monitored blasts 
were under the 15 mm/s PPV limit. 

The Instantel blast reports for both the north and south monitoring locations were provided for the 2021 blast 
monitoring, which gives the PPV for the longitudinal, transverse, and vertical directions. These data were used in 
the development of site-specific equations for PPV estimation.  

3.2 Scaled Distance 
Scaled Distance (SD) reduces two controllable blast variables, distance from the blast and, charge weight of 
explosives, to a single variable. In blasting, the charge weight of explosives is defined as the weight of explosive 
detonated within an 8-millisecond delay. This means that when using appropriate delays in a blast, a very large 

Monitoring Location UTM (10U) 

North Bluff 555132E, 6204447N 

South Bluff 554963E, 6203616N 
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blast acts as a series of smaller blasts. Therefore, increasing the number of holes in a blast does not necessarily 
correspond to an increase in peak vibrations, air overpressures, or noise expected with an increase in the total 
weight of explosive used.  

The Scaled Distance is defined as: 

𝑆𝑆𝑆𝑆 = �
𝑆𝑆
√𝑊𝑊

� 

Where: D = Distance from the blast, in metres 
W = charge weight of explosives, in kg  
 

To estimate the Peak Particle Velocity (PPV) the following equation is used: 

𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑘𝑘 �
𝑆𝑆
√𝑊𝑊

�
𝛽𝛽

 

Where k and β are site specific constants developed through a SD plot. These constants allow for the capture of 
site-specific conditions such as, but not limited to, explosive type, rock strength, rock mass conditions such as joints 
and faults and topography.   

3.3 Scaled Distance Plots  
A SD plot is a log-log scale plot of SD versus measured PPV. The trendline (best fit) of the plotted data provides 
the k and β  in the equation of the trendline.  

Typically for forecasting PPV for a blast, a 95% regression analysis is used. This equation can then be used to 
estimate the maximum charge weight per delay a blast could contain while providing a high degree of confidence 
that a blast designed using the 95% regression equation should not exceed site PPV limits. However, when back 
analyzing blasts to predict PPV, the charge weight per delay is a known parameter, and a 95% regression for back 
analysis would result in the same overestimation of PPV from a given blast. Therefore, when reviewing the 2020 
blasts for compliance with the regulatory PPV limit, the best fit equation was used to produce more realistic or likely 
estimates of PPV generated from the blasts, with known charge weights per delay. An equation was also developed 
one standard deviation above the best fit line to increase confidence that PPV estimates would not have been 
exceeded.  

The vibration monitoring data for each bluff was analyzed separately to account for variations in the rock mass 
between the two monitoring locations. 

3.3.1 North Bluff Best Fit Analysis 
Table 3.3.1-1 below, summarizes the available blast data at the North Bluff for the 2021 monitoring program. A few 
outlier blasts were removed from the data set with completion of the best fit analysis as they were skewing the 
resulting trendline plots outside of the expected range of values of k and β. The removed blasts either plotted much 
higher or much lower than would be expected given the SD for the blast. Review of the blast plans provided could 
not resolve the discrepancies and therefore the blasts were removed from the data set for purposes of developing 
the best fit equation.  
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Table 3.3.1-1:  2021 North Bluff Monitoring Data Summary 

The resulting best fit equation for the North Bluff was estimated to be: 

𝑃𝑃𝑃𝑃𝑃𝑃 = 831.26(𝑆𝑆𝑆𝑆)−1.622 

Table 3.3.1-2 presents a summary of the 2020 blasts monitored at the North Bluff.  

Table 3.3.1-2:  2020 North Bluff PPV Estimate Summary 

 

3.3.2 South Bluff Best Fit Analysis 
Table 3.3.2-1 below, summarizes the available blast data at the South Bluff for the 2021 monitoring program. A few 
outlier blasts were removed from the data set when completing the best fit analysis as they were skewing the 
resulting trendline plots outside of the expected range of values of k and β. The removed blasts either plotted much 
higher or much lower than would be expected given the SD for the blast. Review of the blast plans provided could 
not resolve the discrepancies and therefore the blasts were removed from the data set for purposes of developing 
the best fit equation. 

Table 3.3.2-1: 2021 South Bluff Monitoring Data Summary 

 

 

Data Number 

Total 2021 Blasts 60 

Blasts Measured at North Bluff 42 

Blasts with sufficient information for scaled distance calculation 39 

Blasts used in best fit model 33 

Average distance to blast 502 m 

Data Number 

Total 2020 Blasts 100 

Blasts with sufficient information for PPV estimation 97 

Number of blasts with estimated PPV above limit using best fit equation 0 

Number of blasts with estimated PPV above limit using one standard deviation 
equation  

0 

Data Number 

Total 2021 Blasts 60 

Blasts Measured at South Bluff 52 

Blasts with sufficient information for scaled distance calculation 47 

Blasts used in best fit model 41 

Average distance to the blast 364 m 



 PORTAGE MOUNTAIN RIPRAP QUARRY – BLASTING VIBRATION AND SOUND LEVELS MEMO 
 FILE: 704-ENG.KGEO03574-01 TASK 003 | MARCH 28, 2022 | ISSUED FOR USE 
 
 

 5 
 
 
MEM - 2020 Portage Mountain Blasting Vibration and Noise Memo - IFU.docx 

The resulting best fit equation for the South Bluff was found to be: 
𝑃𝑃𝑃𝑃𝑃𝑃 = 789.83(𝑆𝑆𝑆𝑆)−1.602 

Table 3.3.2-2 presents a summary of the 2020 blasts monitored at the South Bluff.  

Table 3.3.2-2:  2020 South Bluff PPV Estimate Summary 

 

Initial review of one blast on July 17, 2020 indicated a potential exceedance in PPV. However, upon more detailed 
analysis of its blast geometry, it was found that the blast was unlikely to have exceeded the 15 mm/sec limit. This 
is discussed further in Section 5.0 – Discussion of Results and Recommendations. 

4.0 AIR OVERPRESSURE ANALYSIS 

In the International Society of Explosive Engineers (ISEE) Blaster’s Handbook it provides the following factors which 
influence air overpressures resulting from a blast: 

 Charge weight 

 Depth of burial 

 Volume of displaced rock 

 Delay time intervals 

 Type of explosive 

 Atmospheric conditions, including but not limited to temperature, wind, temperature inversions, weather 
condition 

 Topography 

This indicates that two identical blasts, initiated at two different times could have different air overpressure readings 
due to changes in atmospheric conditions, at the same location.  

4.1 Noise and Air Overpressure Data 
During the 2021 monitoring program, data were collected from both the north and south bluffs and provide a larger 
data set than previous years. As such, the 2021 data were used in the noise and air overpressure analysis.  

Data Number 

Total 2020 Blast 100 

Blasts with sufficient information for PPV estimation 97 

Number of blasts with estimated PPV above limit using best fit equation 0 

Number of blasts with estimated PPV above limit using one standard deviation 
equation  

0 
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4.2 Scaled Distance 
Estimation of air overpressure also relies on scaled distance in the development of the equation. The scaled 
distance for air overpressure utilizes the same parameters as used in the PPV calculations, except the cube root of 
the charge weight is used instead of the square root.  

The scaled distance is defined as: 

𝑆𝑆𝑆𝑆 = (𝑆𝑆/(𝑊𝑊
1
3) 

Where: D = Distance from the blast, in metres 
W = charge weight of explosives, in kg  

 
The best fit line to calculate the air overpressure from scaled distance is defined as: 
 

𝑃𝑃 = 𝐴𝐴 ∗ (𝑆𝑆𝑆𝑆)−𝐵𝐵   
Where: P = Air Overpressure (pascals) 
 SD = Air Overpressure scaled Distance (cube roots charge weight of explosives) 
 B = Slope of the line (slope is negative) 
 
Sound pressure level (SPL) in decibels (dB) is then calculated using the equation below: 
 

𝑆𝑆𝑃𝑃𝑆𝑆 = 20 log(𝑃𝑃) + 154 

4.3 Scaled Distance Plots  
A scaled distance plot is a log-log scale plot of scaled distance versus measure peak air overpressure. The trendline 
of the plotted data provides the A and Β  in the equation of the trendline. The 2021 monitoring air overpressure data 
and trendlines were plotted separately for the North and South Bluffs. Efforts to reduce the randomness of the data 
by filtering by weather condition and further filtering by wind direction did not improve the fit of the trendline or the 
randomness of the data. This was likely due to the limited atmospheric data collected, such as wind speed and 
atmospheric pressure. 

This resulted in it not being possible to create a site-specific Air Overpressure equation for the site. 

4.4 Air Overpressure Prediction Equations 
Tetra Tech compiled a list of air overpressure equations from a literature review. These equations are presented in 
Table 4.4-1 below. For each equation, the PMQ data were utilized to predict the air overpressures generated.  
A review of the actual measured air overpressure versus predicted values was completed. 
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Table 4.4-1:  Air Overpressure Prediction Equations 

 

The parameters for the equations in Table 4.4-1 are as follows: 

 P is peak overpressure measured in the units listed 

 SD3 is the cube root scaled distance 

 e is the base natural logarithm (e = 2.7183) – used in the Surface Coal Mine equation 

 b is the scaled depth of burial (C/W1/3), m/kg1/3 – used in the Surface Coal Mine equation 

 C is the depth to center of gravity of charge in metres 

 W is charge weight per delay in kg 

4.5 Air Overpressure Equation Analysis – 2021 Data 
Utilizing the equations from Section 4.4, the air overpressures for the 2021 blasts were estimated. These 
estimations were then compared to the measured values obtained from the monitoring program.  

Table 4.5-1:  2021 North Bluff – Estimated versus Measured Air Overpressures 

 

Blasting Equation Units Source 

Quarry Face P = 1.32 * SD3-0.97 psi USBM RI 8485 

Behind Free Face P = 0.056 * SD3.-0.515 psi USBM RI 8485 

Buried (total confinement) P = 0.061 * SD3-0.96 psi USBM RI 8485 

Construction Blasting – Best Fit 
(mean) P = 0.14 * SD3-0.89 psi Konya (2021) 

Construction Blasting (95% 
confidence) P = 0.95 * SD3-0.89 psi Konya (2021) 

Surface Coal Mine P = 6.31 * e-b * SD3-1.16 kPa Linehan and Wiss (1980) 

Item Reviewed Quarry 
Face 

Behind 
Free Face 

Buried (total 
confinement) 

Construction 
Blasting – 

Best Fit 
(mean) 

Construction 
Blasting (95% 
confidence) 

Surface 
Coal 
Mine 

Number of blasts with usable 
monitoring data 39 39 39 39 39 39 

Number of estimates higher 
than measured 34 20 0 0 35 24 

Percentage of estimates which 
overestimated the air 
overpressure value 

87% 51% 0% 0% 90% 62% 
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The Quarry Face and the Construction Blasting (95% Confidence) equations provided the most conservative 
estimates for the air overpressure experienced at the North Bluff from blasting operations.  

Table 4.5-2:  2021 South Bluff – Estimated versus Measured Air Overpressures 

 

The Quarry Face, Construction Blasting (95% Confidence) and Surface Coal Mine equations all over-predicted the 
air overpressures at the South Bluff, with the Behind Free Face equation over-predicting the air overpressure 90% 
of the time.  

The air overpressures indicated are all under the threshold limits for the 2020 data, even using the most 
conservative predictions.  

5.0 DISCUSSION OF RESULTS AND RECOMMENDATIONS 

The 2021 monitoring data and blast records provided the most complete set of records and were therefore used for 
development of site-specific equations for PPV estimation. The 2021 data were also used for the air overpressure 
analysis and review of published air overpressure estimation equations.  

Engineering judgement was used when doing quality control and compilation of the blast data, particularly when 
blast records were incomplete or missing information. Blasts with incomplete or missing information were either 
excluded from the analysis or conservative assumptions were used to fill in minor gaps in the available information.  

It should be noted that the distance from the monitoring location to the blast was calculated based off the coordinates 
provided on the blast plans. The methodology for determining the coordinate of the blast was not provided but was 
assumed to be the geometric center of the blast.  

With regards to the estimated PPV of the 2020 blasting, the North Bluff, which is located further from the blasting, 
experienced lower estimated PPV values. None of the blasts were estimated by the best fit equation to be above 
the best practice 15 mm/s limit at the North Bluff.   

The South Bluff is located closer to the location of the 2020 blasting, and as a result it was expected to have 
experienced higher PPV than would be recorded at the North Bluff for the same blast.  None of the blasts were 
estimated by the best fit equation to be above the best practice 15 mm/s limit at the South Bluff. 

The initial review of the 2020 blast data suggested the July 17, 2020 blast may have exceeded the Best 
Management Practices Guidelines for Bats in British Columbia for ground vibration which is 15 mm/s. This 
conclusion was reached based on the Scaled Distance calculation which looks at the distance from the blast and 

Item Reviewed Quarry 
Face 

Behind 
Free Face 

Buried (total 
confinement) 

Construction 
Blasting 
(mean) 

Construction 
Blasting (95% 
confidence) 

Surface 
Coal 
Mine 

Number of blasts with usable 
monitoring data 47 47 47 47 47 47 

Number of estimates higher 
than measured 47 44 0 15 47 47 

Percentage of estimates which 
overestimated the air 
overpressure value 

100% 94% 0% 32% 100% 100% 
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the maximum weight of explosives per 8 millisecond delay (instantaneous charge).   The blast records showed that 
the July 17, 2020 blast was not delayed and this was confirmed through email communication with the Blasting 
Contractor.  Therefore, the total weight of explosives was applied as the maximum instantaneous charge of the 
blast. Using this full weight, the estimated PPV from the blast exceeded the 15 mm/s limit.  
 
However, upon further analysis it was found that the July 17, 2020 blast was unique in that the blast pattern was a 
single row of 47 holes without a delay.  From analysis of the blast geometry, spacing of the holes, length of the 
blast, and the velocity of detonation of the detonating cord,  it was estimated that the entire blast would take 17 
milliseconds to detonate. This equates to more than double the 8 millisecond delay time of the instantaneous charge 
criterion.  
 
(2.5 m spacing x 47 holes = 115 m)/6,700 m/sec = 17.1 milliseconds 
 
The maximum charge per 8 millisecond delay is 347.3 kg (23 holes) which would produce a resultant PPV of 9.2 
mm/s.  
 
Therefore, under more detailed scrutiny, we believe it is unlikely that the July 17, 2020 blast would have generated 
a PPV in exceedance of the 15 mm/s limit in the Best management Practices Guidelines.   
 
For estimating the air overpressures resulting from the 2020 blasts, all 6 of the equations presented in Section 4.4 
were applied to the 2020 blast data. For both the North and South Bluffs, all blasts were estimated to be under the 
Best Management Practices Guidelines for Bats in British Columbia threshold values of: 

 Sound concussion of less than 150 decibels (dB) 

 Shockwave of less than 15 p.s.i. (104 kPa) 

Based on the percentage of 2021 blasts where the air overpressure was overestimated by the Quarry Face and 
Construction Blasting (95% Confidence) equations, it is unlikely that any of the 2020 blasts exceeded the sound 
concussion and shockwave thresholds. 

With the difficulty in back analysis air overpressure values for blasts, it would be recommended that any future 
blasts be monitored to ensure compliance with the best practice guidelines. 

6.0 LIMITATIONS OF REPORT 

This report and its contents are intended for the sole use of BC Hydro and their agents. Tetra Tech Canada Inc. 
(Tetra Tech) does not accept any responsibility for the accuracy of any of the data, the analysis, or the 
recommendations contained or referenced in the report when the report is used or relied upon by any Party other 
than BC Hydro, or for any Project other than the proposed development at the subject site. Any such unauthorized 
use of this report is at the sole risk of the user. Use of this document is subject to the Limitations on the Use of this 
Document attached in the Appendix or Contractual Terms and Conditions executed by both parties. 
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GEOTECHNICAL 
 
1.1 USE OF DOCUMENT AND OWNERSHIP 

This document pertains to a specific site, a specific development, and 
a specific scope of work. The document may include plans, drawings, 
profiles and other supporting documents that collectively constitute the 
document (the “Professional Document”). 
The Professional Document is intended for the sole use of TETRA 
TECH’s Client (the “Client”) as specifically identified in the TETRA 
TECH Services Agreement or other Contractual Agreement entered 
into with the Client (either of which is termed the “Contract” herein). 
TETRA TECH does not accept any responsibility for the accuracy of 
any of the data, analyses, recommendations or other contents of the 
Professional Document when it is used or relied upon by any party 
other than the Client, unless authorized in writing by TETRA TECH.  
Any unauthorized use of the Professional Document is at the sole risk 
of the user. TETRA TECH accepts no responsibility whatsoever for any 
loss or damage where such loss or damage is alleged to be or, is in 
fact, caused by the unauthorized use of the Professional Document. 
Where TETRA TECH has expressly authorized the use of the 
Professional Document by a third party (an “Authorized Party”), 
consideration for such authorization is the Authorized Party’s 
acceptance of these Limitations on Use of this Document as well as 
any limitations on liability contained in the Contract with the Client (all 
of which is collectively termed the “Limitations on Liability”). The 
Authorized Party should carefully review both these Limitations on Use 
of this Document and the Contract prior to making any use of the 
Professional Document. Any use made of the Professional Document 
by an Authorized Party constitutes the Authorized Party’s express 
acceptance of, and agreement to, the Limitations on Liability. 
The Professional Document and any other form or type of data or 
documents generated by TETRA TECH during the performance of the 
work are TETRA TECH’s professional work product and shall remain 
the copyright property of TETRA TECH. 
The Professional Document is subject to copyright and shall not be 
reproduced either wholly or in part without the prior, written permission 
of TETRA TECH. Additional copies of the Document, if required, may 
be obtained upon request. 
1.2 ALTERNATIVE DOCUMENT FORMAT 

Where TETRA TECH submits electronic file and/or hard copy versions 
of the Professional Document or any drawings or other project-related 
documents and deliverables (collectively termed TETRA TECH’s 
“Instruments of Professional Service”), only the signed and/or sealed 
versions shall be considered final. The original signed and/or sealed 
electronic file and/or hard copy version archived by TETRA TECH shall 
be deemed to be the original. TETRA TECH will archive a protected 
digital copy of the original signed and/or sealed version for a period of 
10 years. 
Both electronic file and/or hard copy versions of TETRA TECH’s 
Instruments of Professional Service shall not, under any 
circumstances, be altered by any party except TETRA TECH. TETRA 
TECH’s Instruments of Professional Service will be used only and 
exactly as submitted by TETRA TECH. 
Electronic files submitted by TETRA TECH have been prepared and 
submitted using specific software and hardware systems. TETRA 
TECH makes no representation about the compatibility of these files 
with the Client’s current or future software and hardware systems. 

1.3 STANDARD OF CARE 

Services performed by TETRA TECH for the Professional Document 
have been conducted in accordance with the Contract, in a manner 
consistent with the level of skill ordinarily exercised by members of the 
profession currently practicing under similar conditions in the 
jurisdiction in which the services are provided. Professional judgment 
has been applied in developing the conclusions and/or 
recommendations provided in this Professional Document. No warranty 
or guarantee, express or implied, is made concerning the test results, 
comments, recommendations, or any other portion of the Professional 
Document. 
If any error or omission is detected by the Client or an Authorized Party, 
the error or omission must be immediately brought to the attention of 
TETRA TECH. 
1.4 DISCLOSURE OF INFORMATION BY CLIENT 

The Client acknowledges that it has fully cooperated with TETRA TECH 
with respect to the provision of all available information on the past, 
present, and proposed conditions on the site, including historical 
information respecting the use of the site. The Client further 
acknowledges that in order for TETRA TECH to properly provide the 
services contracted for in the Contract, TETRA TECH has relied upon 
the Client with respect to both the full disclosure and accuracy of any 
such information. 
1.5 INFORMATION PROVIDED TO TETRA TECH BY OTHERS 

During the performance of the work and the preparation of this 
Professional Document, TETRA TECH may have relied on information 
provided by third parties other than the Client. 
While TETRA TECH endeavours to verify the accuracy of such 
information, TETRA TECH accepts no responsibility for the accuracy 
or the reliability of such information even where inaccurate or unreliable 
information impacts any recommendations, design or other 
deliverables and causes the Client or an Authorized Party loss or 
damage. 
1.6 GENERAL LIMITATIONS OF DOCUMENT 

This Professional Document is based solely on the conditions 
presented and the data available to TETRA TECH at the time the data 
were collected in the field or gathered from available databases. 
The Client, and any Authorized Party, acknowledges that the 
Professional Document is based on limited data and that the 
conclusions, opinions, and recommendations contained in the 
Professional Document are the result of the application of professional 
judgment to such limited data.  
The Professional Document is not applicable to any other sites, nor 
should it be relied upon for types of development other than those to 
which it refers. Any variation from the site conditions present, or 
variation in assumed conditions which might form the basis of design 
or recommendations as outlined in this document, at or on the 
development proposed as of the date of the Professional Document 
requires a supplementary exploration, investigation, and assessment. 
TETRA TECH is neither qualified to, nor is it making, any 
recommendations with respect to the purchase, sale, investment or 
development of the property, the decisions on which are the sole 
responsibility of the Client. 
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1.7 ENVIRONMENTAL AND REGULATORY ISSUES 

Unless stipulated in the report, TETRA TECH has not been retained to 
explore, address or consider and has not explored, addressed or 
considered any environmental or regulatory issues associated with 
development on the subject site. 
1.8 NATURE AND EXACTNESS OF SOIL AND 

ROCK DESCRIPTIONS 

Classification and identification of soils and rocks are based upon 
commonly accepted systems, methods and standards employed in 
professional geotechnical practice. This report contains descriptions of 
the systems and methods used. Where deviations from the system or 
method prevail, they are specifically mentioned. 
Classification and identification of geological units are judgmental in 
nature as to both type and condition. TETRA TECH does not warrant 
conditions represented herein as exact, but infers accuracy only to the 
extent that is common in practice. 
Where subsurface conditions encountered during development are 
different from those described in this report, qualified geotechnical 
personnel should revisit the site and review recommendations in light 
of the actual conditions encountered. 
1.9 LOGS OF TESTHOLES 

The testhole logs are a compilation of conditions and classification of 
soils and rocks as obtained from field observations and laboratory 
testing of selected samples. Soil and rock zones have been interpreted. 
Change from one geological zone to the other, indicated on the logs as 
a distinct line, can be, in fact, transitional. The extent of transition is 
interpretive. Any circumstance which requires precise definition of soil 
or rock zone transition elevations may require further investigation and 
review. 
1.10 STRATIGRAPHIC AND GEOLOGICAL INFORMATION 

The stratigraphic and geological information indicated on drawings 
contained in this report are inferred from logs of test holes and/or 
soil/rock exposures. Stratigraphy is known only at the locations of the 
test hole or exposure. Actual geology and stratigraphy between test 
holes and/or exposures may vary from that shown on these drawings. 
Natural variations in geological conditions are inherent and are a 
function of the historical environment. TETRA TECH does not 
represent the conditions illustrated as exact but recognizes that 
variations will exist. Where knowledge of more precise locations of 
geological units is necessary, additional exploration and review may be 
necessary. 
1.11 PROTECTION OF EXPOSED GROUND 

Excavation and construction operations expose geological materials to 
climatic elements (freeze/thaw, wet/dry) and/or mechanical disturbance 
which can cause severe deterioration. Unless otherwise specifically 
indicated in this report, the walls and floors of excavations must be 
protected from the elements, particularly moisture, desiccation, frost 
action and construction traffic. 
1.12 SUPPORT OF ADJACENT GROUND AND STRUCTURES 

Unless otherwise specifically advised, support of ground and structures 
adjacent to the anticipated construction and preservation of adjacent 
ground and structures from the adverse impact of construction activity 
is required. 
 
 
 
 

1.13 INFLUENCE OF CONSTRUCTION ACTIVITY 

Construction activity can impact structural performance of adjacent 
buildings and other installations. The influence of all anticipated 
construction activities should be considered by the contractor, owner, 
architect and prime engineer in consultation with a geotechnical 
engineer when the final design and construction techniques, and 
construction sequence are known. 
1.14 OBSERVATIONS DURING CONSTRUCTION 

Because of the nature of geological deposits, the judgmental nature of 
geotechnical engineering, and the potential of adverse circumstances 
arising from construction activity, observations during site preparation, 
excavation and construction should be carried out by a geotechnical 
engineer. These observations may then serve as the basis for 
confirmation and/or alteration of geotechnical recommendations or 
design guidelines presented herein. 
1.15 DRAINAGE SYSTEMS 

Unless otherwise specified, it is a condition of this report that effective 
temporary and permanent drainage systems are required and that they 
must be considered in relation to project purpose and function. Where 
temporary or permanent drainage systems are installed within or 
around a structure, these systems must protect the structure from loss 
of ground due to mechanisms such as internal erosion and must be 
designed so as to assure continued satisfactory performance of the 
drains.  Specific design details regarding the geotechnical aspects of 
such systems (e.g. bedding material, surrounding soil, soil cover, 
geotextile type) should be reviewed by the geotechnical engineer to 
confirm the performance of the system is consistent with the conditions 
used in the geotechnical design. 
1.16 DESIGN PARAMETERS 

Bearing capacities for Limit States or Allowable Stress Design, 
strength/stiffness properties and similar geotechnical design 
parameters quoted in this report relate to a specific soil or rock type 
and condition. Construction activity and environmental circumstances 
can materially change the condition of soil or rock. The elevation at 
which a soil or rock type occurs is variable. It is a requirement of this 
report that structural elements be founded in and/or upon geological 
materials of the type and in the condition used in this report. Sufficient 
observations should be made by qualified geotechnical personnel 
during construction to assure that the soil and/or rock conditions 
considered in this report in fact exist at the site. 
1.17 SAMPLES 

TETRA TECH will retain all soil and rock samples for 30 days after this 
report is issued. Further storage or transfer of samples can be made at 
the Client’s expense upon written request, otherwise samples will be 
discarded.  
1.18 APPLICABLE CODES, STANDARDS, GUIDELINES & BEST 
PRACTICE 

This document has been prepared based on the applicable codes, 
standards, guidelines or best practice as identified in the report. Some 
mandated codes, standards and guidelines (such as ASTM, AASHTO 
Bridge Design/Construction Codes, Canadian Highway Bridge Design 
Code, National/Provincial Building Codes) are routinely updated and 
corrections made. TETRA TECH cannot predict nor be held liable for 
any such future changes, amendments, errors or omissions in these 
documents that may have a bearing on the assessment, design or 
analyses included in this report. 
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 INTRODUCTION 
RWDI was retained by BC Hydro (BCH) to analyze noise and vibration data collected by BCH from the Portage 

Mountain Quarry (PMQ) operations over the years of 2020 and 2021. Monitoring was conducted at representative 

locations for nearby bat roosts (hibernacula). The monitoring programs were completed in the 2020 and 2021 

summer months and covered the following: 

1. Monthly noise measurements at the north bluff, south bluff, and background locations; and 

2. Long-term sound concussion and vibration blast monitoring at the north bluff and south bluff. 

We acknowledge this work is being conducted on the traditional territory of Treaty 8 First Nations of Dunne Zaa, 

Cree and Tse’khene cultural descent. 

This report summarizes the findings from the monitoring. Where measurements captured blasting, the measured 

levels were compared to the specified criteria limits taken from the Best Management Practices (BMP) Guidelines 

for Bats in British Columbia (BC MOE 2016). The BMP suggests best practice limits for noise and vibration due to 

blasting with respect to levels experienced at hibernacula.  

1.1 Site and Measurement Overview 

The PMQ is located approximately 13 km southwest of the town of Hudson’s Hope, BC. The quarry provides 

aggregate materials for the construction of the Site C hydroelectric dam. Bat hibernacula were identified on the 

north bluff and the south bluff overlooking the working area. Monitoring of noise and vibration was focused near 

the identified hibernacula. Background noise measurements were taken approximately 5 km northeast from the 

quarry.  

Figure 1 shows the overview of the considered area highlighting the north and south bluff hibernacula areas, the 

PMQ footprint, and the locations of the monitoring. Both the monthly noise monitoring and the 2021 blast 

monitoring were conducted in the general areas marked for the north and south bluffs. 
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Figure 1: Location of the noise and vibration monitoring locations, bat hibernacula, and  

Portage Mountain Quarry. 

1.2 Hibernacula Criteria 

The guideline criteria specified in the Best Management Practices Guidelines for Bats in British Columbia (BC MOE 

2016) for blasting states criteria of: 

• sound concussion less than 150 dBL; and 

• shockwave less than 15 psi (equivalent to 194 dB, using a reference pressure of 20 µPa) 

• peak particle vibration level threshold of 15 mm/s. 

Overall daytime and nighttime sound level limits do not have any specific criteria limits for the hibernacula. Overall 

levels are computed and presented for comparison to historic measured levels. 
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 MEASUREMENT SUMMARY 

2.1 Monthly Noise Monitoring: 2020 and 2021 

Monthly noise monitoring was conducted by BCH staff during 2020 and 2021. In general, three measurements at 

different locations were taken during monthly monitoring. The first being at the south bluff, the second at the north 

bluff, and the third taken at a representative background noise location. The background noise measurements were 

taken at a distance such that the PMQ activities would not influence the sound levels.  

Monitoring was conducted using a Bruel and Kjaer 2250 class 1 sound level meter. The sound level meter was 

deployed on a tripod approximately 1.5 m above the ground. The sound level meter was set to record continuous 

time weighted sound levels (Leq). The length of the measurement was at the discretion of BCH staff. 

Table 1 lists the summary of the monthly monitoring data obtained from BCH. Figures of the measurement levels 

can be found in Appendix A. 

Table 1: Summary of the Monthly Noise Monitoring 

South Bluff  North Bluff Background 

Deploy Date 

Length of 

Measurement  

(Hours) 

Deploy Date 

Length of 

Measurement  

(Hours) 

Deploy Date 

Length of 

Measurement  

(Hours) 

5/23/2020 23.7 5/24/2020 0.7 5/24/2020 0.9 

6/26/2020 25.4 6/26/2020 0.8 6/25/2020 0.8 

7/20/2020 23.7 7/21/2020 22.8 7/23/2020 0.5 

8/15/2020 23.8 8/15/2020 8.2 8/17/2020 0.6 

9/25/2020 23.8 9/27/2020 24.4 9/28/2020 1.0 

5/31/2021 64.7 5/17/2021 85.5 - - 

Note: - indicates no measurement was conducted 

2.2 Long-term Blast Monitoring 

Long-term blast monitoring was conducted by BCH with support from Explotech and RWDI from May through 

September, 2021. The monitoring used the MiniMate Plus blast monitoring device, and measured overpressure and 

peak particle velocity (PPV). Both the north and south bluffs had one MiniMate monitor each. The system used a 

threshold trigger in both overpressure and PPV to log events, and was connected to a cellular modem for remote 

data collection. 

In total, over 3,000 triggered events were recorded by the MiniMates at the two locations combined. RWDI received 

a log of the PMQ blasts for the 2021 year from BCH. The blast log was used to filter for blasting events recorded by 

the MiniMate by specifying exact times and dates.  
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 RESULTS 

3.1 Monthly Noise Monitoring: 2020 and 2021 

The daytime and nighttime A-weighted average equivalent sound level (LAEQ) per month has been calculated and 

are presented in Table 2. The average daytime and nighttime LAEQ for the entire monitoring period of 47 dBA and 

41 dBA respectively for the south bluff, and 55 dBA and 48 dBA respectively for the north bluff. 

Table 2: Monthly and Overall Average Sound Levels for North Bluff, South Bluff, and Background 

Month 

Overall Sound Levels (dBA) 

South Bluff  North Bluff Background 

Day[1] Night[2] Day[1] Night[2] Day[1] Night[2] 

May-20 41 32 55 - 55 - 

Jun-20 48 43 57 - 49 - 

Jul-20 51 41 52 38 33 - 

Aug-20 49 43 52 43 38 - 

Sep-20 47 42 55 55[3] 58 - 

May-21 45 40 53 42 - - 

Overall 47 41 55 48 - - 

2019 Overall 45 41 ND 

Notes: [1] Daytime hours are from 07:00 to 22:00 

[2] Nighttime hours are from 22:00 to 07:00 

[3] Construction throughout the nighttime audible  

- indicates no measurement conducted 

ND indicates not determined in the 2020 report.  

The table also compares the overall LAEQ for the south bluff as measured during the 2019 south bluff monitoring 

program (RWDI, 2020), having average daytime and nighttime levels of 45 dBA and 41 dBA respectively. The overall 

sound levels demonstrate that levels have remained consistent for the three years during the monitoring months. 

Of particular interest are the sound levels at the north bluff. The daytime levels may be explained by the vantage 

the north bluff has to the quarry: an almost unobstructed view, which would result in potential louder daytime 

levels.  

The nighttime sound levels at the north bluff for September 2020 are equal to the daytime levels, and can be 

attributed to nighttime work. The audio for that period indicates that construction occurred continuously 

throughout the night. 

The background measurements 5 km northeast from the quarry show how much the sound levels can change in a 

wooded environment. Daytime levels were measured as low as 33 dBA (similar to the nighttime levels on the south 

bluff), to as much as 58 dBA in the area. 
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For each hour of the day, an LAEQ was computed for the entire monitoring period. Figure 2 shows the LAEQ sound 

levels at the north and south bluffs, for each hour of the day. South bluff hourly data match the 2019 results with 

good agreement. 

 

Figure 2: Average Overall Hourly LAEQ for the South and North Bluffs (2020 and 2021 monitoring) 

 High Frequency Noise 

As bats use high frequency acoustics for echolocation and communication, a review of the measured levels in the 

upper frequency ranges of the noise data unit was completed. There are no established criteria with which to 

compare high frequency noise, to determine if the levels are acceptable.  

In the 2019 south bluff report, the high frequency noise components from 6300 Hz to 20000 Hz were reported 

using the 99th percentile values for daytime hours when construction was active and not active. The conclusion was 

that there was negligible difference between the construction and non-construction. 

The same high frequency components were calculated for the south bluff using the same parameters for the 

daytime construction hours of 06:00 – 17:00 for the 2020/2021 program.  

Figure 3 shows the computed the 99th percentile high frequency levels during construction (blue), and compares the 

data to the 2019 no construction levels (red). The figure shows that the levels are slightly different for the south 

bluff between the two monitoring programs (2019 and the 2020/2021 programs). The frequency bands of 6300 Hz 

and 8000 Hz show slightly increased levels at the south bluff, but that levels are lower in the higher frequency 

bands.  
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Figure 3: Comparison of High Frequency Sound Levels During 2020/2021 Construction to the  

2019 Off Hours on the South Bluff 

3.2 Long-Term Blast Monitoring 

The MiniMate records sound concussion pressure in Pa, which has been converted to dBL using a reference 

pressure of 20 µPa. The MiniMate records ground-vibration as Peak Particle Velocity (PPV) in mm/s for the X, Y, and 

Z components of ground movement. The maximum PPV signal in the X, Y and Z components have been summed to 

provide the Peak Vector Sum (PVS) for comparison to criteria. 

Table 3 shows the maximum recorded values at either south or north bluff, and their corresponding criteria limits.  

Table 3:  Maximum Measured Metrics Compared to Blasting Criteria 

Metric Measured  BC MOE 2016 Limit 

Max PVS (mm/s) 9 15 

Max Sound Concussion (dBL) 130 150 

Max Shock Wave (psi) 0.0095 15 

 

As shown in Table 3, the maximum measured metrics are all below the applicable criteria and therefore, all 

measured blasts are below the applicable criteria. 

A full listing of the all the recorded blasts is provided in Appendix B. Figure 4 below shows the sound concussion for 

recorded blasts at the south and north bluffs in dBL. Figure 5 shows the PVS for recorded blasts at the south and 

north bluffs in mm/s. 
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Figure 4:  Count of Blasts Binned by Recorded Sound Concussion (dBL) 

 

 

Figure 5:  Count of Blasts Binned by Recorded Peak Vector Sum (mm/s) 
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 Comparison on LZpeak and Overpressure / Sound Concussion (dBL) 

In the 2019 PMQ measurements, a standard scientific IEPE microphone was used to obtain noise measurements. 

The LZpeak measurement level from this standard class 1 microphone was used to compare with BMP 

overpressure blast criteria.  

The May 2021 noise measurements at the North Bluff captured LZpeak with the Bruel and Kjaer sound level meter, 

which uses a standard class 1 microphone. At the same time the MiniMate captured events using the overpressure 

microphone. Two blasts were captured on both devices at approximately the same distance from the blasts on the 

north face. These blasts are shown in Appendix A, Figure A17. 

Table 1 shows the comparison of the two measurements from the two devices. The levels agree well with each 

other indicating that at these distances from a blast, a standard microphone reporting LZpeak is representative of 

overpressure. 

Table 4: Comparison of Measured Blast Levels using the MiniMate Overpressure Microphone and 

a Standard Microphone reporting LZ Peak 

Date Time 
MiniMate Overpressure 

(dBL) 

Bruel and Kjaer 

LZ Peak 

(dB) 

5/19/2021 6:02:50 PM 130 132 

5/20/2021 5:59:31 PM 122 122 

  

 CONCLUSIONS 
RWDI obtained and analyzed the blasting data for the two bluffs and compared the results to Best Management 

Practices (BMP) Guidelines for Bats in British Columbia (BC MOE 2016) criteria limits. The record showed that for the 

north and south bluffs all blasts were less than the specified criteria from the BMP. 

Six months of monthly noise data were obtained for general construction noise at the two bluffs and key metrics 

were analyzed. Although there are no applicable noise limits for construction, the levels at the south bluff in 2020 

and 2021 are similar (+2 dB for daytime hours) to previous measurements conducted in 2019. This indicates that 

sound levels from construction activities have remained relatively constant. High frequency noise has also 

remained objectively consistent, with octave bands in the 6300 Hz and 8000 Hz frequencies being greater and all 

remaining higher frequencies in 2020 and 2021 being less than previously measured in 2019. 
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Monthly Noise Monitoring
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BC Hydro Site C
Monthly Noise Monitoring
May 2020 - Background
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Monthly Noise Monitoring
June 2020 - Background

Portage Quarry, British Colombia Project #: 2002352

Figure No. A6

Date Revised: 2021-12-14

25 12:30 25 12:35 25 12:40 25 12:45
35

40

45

50

55

60

65

So
un

d 
Le

ve
l (

dB
A)

LAeq - Background



BC Hydro Site C
Monthly Noise Monitoring
July 2020 - South Bluff

Portage Quarry, British Colombia Project #: 2002352
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BC Hydro Site C
Monthly Noise Monitoring
July 2020 - Background

Portage Quarry, British Colombia Project #: 2002352
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BC Hydro Site C
Monthly Noise Monitoring
August 2020 - South Bluff

Portage Quarry, British Colombia Project #: 2002352
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BC Hydro Site C
Monthly Noise Monitoring
August 2020 - North Bluff

Portage Quarry, British Colombia Project #: 2002352
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BC Hydro Site C
Monthly Noise Monitoring
August 2020 - Background

Portage Quarry, British Colombia Project #: 2002352
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BC Hydro Site C
Monthly Noise Monitoring
September 2020 - South Bluff

Portage Quarry, British Colombia Project #: 2002352
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BC Hydro Site C
Monthly Noise Monitoring
September 2020 - North Bluff

Portage Quarry, British Colombia Project #: 2002352
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Date Revised: 2021-12-14

09-27 12 09-27 15 09-27 18 09-27 21 09-28 00 09-28 03 09-28 06 09-28 09

30

40

50

60

70
So

un
d 

Le
ve

l (
dB

A)
LAeq - North Bluff



BC Hydro Site C
Monthly Noise Monitoring
September 2020 - Background

Portage Quarry, British Colombia Project #: 2002352

Figure No. A15
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BC Hydro Site C
Monthly Noise Monitoring
May 2021 - South Bluff

Portage Quarry, British Colombia Project #: 2002352
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BC Hydro Site C
Monthly Noise Monitoring
May 2021 - North Bluff

Portage Quarry, British Colombia Project #: 2002352
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Appendix B – Blast Record 

Date 

BC Hydro 

Blast 

Record 

Charge 

Weight 

(kg) 

South Bluff 

MiniMate Unit BE11251 

North Bluff  

MiniMate Unit BE20183 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

15 150 15 15 150 15 

5/19/2021 990-210519 1132 6:02:29 PM 8.72 122 0.0038 6:02:50 PM 1.3 130 0.0095 

5/20/2021 
990-R-

210521 
755 5:59:38 PM 4.59 119 0.0027 5:59:31 PM 0.5 122 0.0035 

5/21/2021 
980-P-

210521 
101 5:56:28 PM 2.06 110 0.0009 5:56:22 PM 3.2 118 0.0023 

5/22/2021 
1000-T-

210522 
298 5:56:02 PM 2.62 112 0.0012  -  -  - - 

5/23/2021 
980-P-

210523 
1272 6:05:22 PM 2.51 118 0.0022 6:05:19 PM 2.9 120 0.0029 

5/24/2021 
1000-T-

210524 
359 6:07:24 PM 2.85 119 0.0026  -  -  -  - 

5/25/2021 
980-P-

210525 
1033 6:11:39 PM 2.17 122 0.0037 6:11:39 PM 2.4 124 0.0045 

5/26/2021 
1000-T-

210527 
1224  -  -  - -  - -  - - 

5/28/2021 
980-P-

210528 
1181 5:55:42 PM 3.38 118 0.0024 5:55:48 PM 2.9 126 0.0055 

5/29/2021 
980-P-

210529 
1013 5:57:21 PM 3.4 119 0.0026 5:57:28 PM 1.9 129 0.0086 

5/31/2021 
980-P-

2105231 
2321 5:57:14 PM 4 118 0.0022 -  - -  - 
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Date 

BC Hydro 

Blast 

Record 

Charge 

Weight 

(kg) 

South Bluff 

MiniMate Unit BE11251 

North Bluff  

MiniMate Unit BE20183 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

15 150 15 15 150 15 

6/1/2021 
980-P-

210602 
2475  - -  -  -  - -  - - 

6/5/2021 
980-P-

210605 
1582 5:56:45 PM 3.81 121 0.0033 5:57:04 PM 2.1 127 0.0066 

6/6/2021 
980-P-

210606 
1392 5:45:53 PM 4.09 125 0.0050 5:46:13 PM 2.5 124 0.0046 

6/7/2021 
980-P-

210607 
2215 5:57:26 PM 5.77 118 0.0023 5:57:49 PM 4.4 128 0.0074 

6/8/2021 
1000-T-

210608 
569 5:56:09 PM 4.15 117 0.0021 5:56:33 PM 2.9 127 0.0067 

6/10/2021 
980-P-

210610 
2395 - -  - - 5:44:19 PM 1.9 123 0.0043 

6/11/2021 
980-P-

210611 
592 - -  - - 5:57:49 PM 3.0 120 0.0029 

6/13/2021 
980-P-

210613 
1904  -  - - - 5:49:26 PM 3.1 121 0.0032 

6/16/2021 
980-P-

210616 
3483 6:02:45 PM 7.19 119 0.0025 6:02:46 PM 1.8 120 0.0029 

6/17/2021 
980-P-

210617 
1734 5:55:54 PM 5.17 119 0.0027 5:55:57 PM 3.0 125 0.0052 

6/20/2021 
980-P-

210620 
2143 5:55:15 PM 6.12 112 0.0012 5:55:22 PM 1.9 120 0.0029 

6/22/2021 
980-P-

210622 
1055 6:03:07 PM 6.39 122 0.0038 6:03:17 PM 2.4 119 0.0027 

6/23/2021 
980-P-

210623 
3270 5:57:48 PM 6.91 123 0.0041 5:58:00 PM 2.0 125 0.0054 
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Date 

BC Hydro 

Blast 

Record 

Charge 

Weight 

(kg) 

South Bluff 

MiniMate Unit BE11251 

North Bluff  

MiniMate Unit BE20183 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

15 150 15 15 150 15 

6/27/2021 
980-P-

210627 
2250  - - - -  -  -  -  - 

7/2/2021 
980-P-

210702 
1160 5:00:14 PM 8.38 118 0.0022  -  -  -  - 

7/4/2021 
980-P-

210704 
738 5:50:14 PM 2.65 117 0.0021 - - - - 

7/5/2021 
980-P-

210705 
453 5:59:45 PM 2.44 119 0.0027  -  -  -  - 

7/7/2021 
980-P-

210707 
705 5:39:05 PM 1.72 111 0.0010 - - - - 

7/8/2021 
980-P-

210708 
1255 5:56:08 PM 2.25 117 0.0021 - - - - 

7/10/2021 
980-P-

210710 
1110  -  -  - -  -  -  -  - 

7/11/2021 
980-P-

210711 
1775 5:36:57 PM 2.22 114 0.0015 5:37:36 PM 2.5 120 0.0030 

7/12/2021 
980-P-

210712 
1050 5:50:49 PM 3.8 119 0.0027 5:51:30 PM 3.2 114 0.0014 

7/13/2021 
980-P-

210714 
1600  -  -  - -  -  - -  - 

7/15/2021 
980-P-

210715 
4740 5:57:18 PM 5.76 116 0.0019 5:58:04 PM 3.9 120 0.0028 

7/18/2021 
980-P-

210718 
1050  -  - - - 5:33:22 PM 3.0 124 0.0049 

7/19/2021 
980-P-

210719 
1675 5:52:32 PM 2.26 119 0.0026 5:53:25 PM 2.8 118 0.0022 
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Date 

BC Hydro 

Blast 

Record 

Charge 

Weight 

(kg) 

South Bluff 

MiniMate Unit BE11251 

North Bluff  

MiniMate Unit BE20183 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

15 150 15 15 150 15 

7/21/2021 
980-P-

210721 
1700  - 

 -  -  -  -  -  -  - 

7/22/2021 
980-P-

210722 
1475 6:01:10 PM 4.33 114 0.0014 6:02:09 PM 4.5 118 0.0024 

7/23/2021 
980-P-

210723 
84 5:34:04 PM 3.14 111 0.0010 

 -  -  -  - 

7/27/2021 
970-P-

210727 
3138 

 -  -  -  -  -  -  -  - 

7/28/2021 
970-P-

210728 
2929 5:53:42 PM 3.88 119 0.0025 5:53:49 PM 4.1 117 0.0020 

7/30/2021 
970-P-

210730 
1121 

 -  -  -  -  -  -  -  - 

8/2/2021 
970-P-

210802 
2230 

 -  -  -  -  -  -  -  - 

8/4/2021 
970-P-

210804 
1967 5:00:29 PM 6.99 118 0.0024 5:00:46 PM 3.2 118 0.0024 

8/5/2021 
970-P-

210805 
1039 5:14:23 PM 2.82 109 0.0008 5:14:42 PM 2.3 121 0.0033 

8/6/2021 
970-P-

210806 
958 5:39:03 PM 2.6 108 0.0007 5:39:23 PM 2.3 126 0.0058 

8/7/2021 
970-P-

210807 
1540 5:36:48 PM 5.88 119 0.0026 5:37:12 PM 0.5 121 0.0032 

8/9/2021 
970-P-

210809 
2289 

 -  -  -  -  -  -  -  - 

8/11/2021 
1002-P-

210811 
1440 5:56:01 PM 7.53 118 0.0024 

 -  -  -  - 
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Date 

BC Hydro 

Blast 

Record 

Charge 

Weight 

(kg) 

South Bluff 

MiniMate Unit BE11251 

North Bluff  

MiniMate Unit BE20183 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Time 

Recorded 

PVS 

(mm/s) 

Sound 

Concussion 

(dBL) 

Shock Wave 

(psi) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

Limits per Guidelines  

for Bats in British Columbia 

(BC MOE 2016) 

15 150 15 15 150 15 

8/13/2021 
1002-P-

210813 
930 5:52:42 PM 4.66 112 0.0012 

 -  -  -  - 

8/15/2021 
1002-P-

210815 
1300 

 -  -  -  -  -  -  -  - 

8/16/2021 
1002-P-

210816 
1414 5:52:59 PM 4.72 114 0.0015 

 -  -  -  - 

8/17/2021 
1002-P-

210817 
1230 5:53:29 PM 4.24 119 0.0027 

 -  -  -  - 

Notes:  - indicates that either the triggered thresholds of the device were not met and a event was not recorded, or the unit was without power. 
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Roost Monitoring, and Long-term Acoustic Monitoring 
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2020 and 2021 Emergence Counts 

Results of the emergence counts conducted in 2020 and 2021 are described below. 

2020 Emergence Counts 

Thirty-nine emergence counts were conducted during June and July 2020 (Table D.1; Figure 3.1).  
Counts were completed within the general areas of: 

• south cliff including the top of the quarry;  
• north cliff; 
• gully; and, 
• the abandoned King Gething mine (outside the study area but briefly investigated to confirm lack 

of bat activity).  

Emergence counts generally lasted about 1.5 hours, though surveyors ended counts early if there was 
moderate to heavy rain. Conditions were less than ideal for many emergence counts, with rain recorded on 
seven of the 12 nights surveyed, and 16 of the 39 emergence counts. Temperatures ranged from 10  oC to 
16oC (Appendix E). Counts averaged 75 minutes in duration. 

Table D.1 Survey Effort During the 2020 and 2021 Emergence Counts  

Location Session Survey dates Number of 
counts 

Total of emerging 
bats counted 

Average number 
of bats observed 

per count* 

2020 

South cliff 
Early June 22, 23, 26, 27 10 23 2.3 

Late July 14, 19, 20 8 32 4 

North cliff 
Early June 24, 25 5 17 3.4 

Late July 17, 18 4 12 3 

Gully 
Early June 28 4 21 5.3 

Late July 15, 16 4 9 2.3 

King Gething 
mine 

Early Not surveyed 0 - - 

Late July 15, 16 4 1 .25 

Total 39 36  

2021 

South cliff 
including quarry 

Early June 14, 16, 18, 19 8 30 3.75 

Late July 14, 15, 16, 19, 20 10 23 2.3 

North cliff and 
talus 

Early June 15, 16, 17, 18 4 0 0 

Late July 17, 18, 20 5 12 2.4 

Gully 
Early June 14, 19, 20 3 18 9 

Late July 13, 14 2 3 1.5 

Total 32 86  

*Averages provided as a rough index of use. As sample sizes are small, no variance has been calculated 
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At least one bat was seen emerging at 14 of 19 (74%) early counts and 10 of 20 (50%) late counts 
(Table D.2). One to four bats were observed emerging at most counts, although 16 bats (at the gully) and 
17 bats (at the suspected maternity roost 9247G on the south cliff) were counted exiting during the early 
and late counts, respectively. Note that no particular roost tree was identified at the gully and bats counted 
there could potentially have exited from multiple roost trees farther west in the gully, so counts in this area 
represent an unknown number of roosts. Activity at the King Gething mine was minimal. One emergence 
count was conducted within the quarry on June 27, but no bats were observed exiting rock faces at that 
location. More bats were counted emerging from the south cliffs, although the numbers of non-zero counts 
were equivalent between the south and north cliffs. 

Fourteen counts were done at ‘new’ sites, defined as sites more than 15 m away from locations of counts 
in previous years. One bat was observed emerging at each of two of those new sites. No new rock maternity 
roosts were detected based on the results from the early (June 22 to 28) and late (July 14 to 20) emergence 
counts in 2020 (i.e., no new sites where more than 10 bats were counted).  

Table D.2 Results of the 2020 and 2021 Emergence Counts  

Survey Period Month-day Location Maternity Roost Count ID Number of 
Bats Observed 

2020 

early 

June 22 South 6287F EC-DW1-062220 4 

June 22 South - EC-JF1-062220 4 

June 22 South 9427G 9427G 4 

June 23 South - EC-JF02-062320 0 

June 23 South - EC-DW2-062320 2 

June 23 South - EC_FM_200623 0 

June 24 North - EC-JF3-062420 4 

June 24 North - EC-FMN-200624 3 

June 24 South - EC- DW3-062420 2 

June 25 North - EC-JF4 062520 4 

June 25 Gully - EC-DW5-062620 0 

June 25 North - EC-DW4-062520 4 

June 25 North - EC_FMN_200625 2 

June 26 Gully - EC-FMN-200626 0 

June 27 South 9427G 9427G 4 

June 27 South - EC_FMN_200627 0 

June 27 South 6827F EC-DW6-062720 3 

June 28 Gully - EC-FMN-200628 16 

June 28 Gully - EC-DW7-062820 5 
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Survey Period Month-day Location Maternity Roost Count ID Number of 
Bats Observed 

late 

July 14 mine - EC-9415F 0 

July 14 South - EC_JF01_071420_South 
Cliff 0 

July 14 mine - EC-9415F 0 

July 15 Gully - EC_JB01_071520_ Gully 0 

July 15 Gully - EC_JF02_071520_Gully 3 

July 16 Gully - EC_FMN_Gully 6 

July 16 Gully - EC-gully 0 

July 16 mine - EC_JF03_071620_Old 
Mines 1 

July 16 mine - EC_JB02_071620_Old 
mine below gully 0 

July 17 North - EC_FMN-NH 3 

July 17 North - EC_JF04_071720_North 
Cliff 5 

July 17 North - EC_ST_NH 0 

July 18 South - EC_ST_NH 0 

July 18 North - 200728EC_FMN_NH 4 

July 19 South - EC_JF06_South Cliff 
bear quarry 1 

July 19 South - EC_JB03_south cliff near 
quarry 0 

July 19 South 9427G 9427G 17 

July 20 South 9427G 9427G 13 

July 20 South - EC_JF07_South Cliff 
near quarry 0 

July 20 South - EC_JB03_south cliff near 
quarry 1 

 Total 115 
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Survey Period Month-day Location Maternity Roost Count ID Number of 
Bats Observed 

2021 

early 

June 14 South 9427G 9427G 4 

June 14 South - DW061421 0 

June 15 South 6827F 210615_EC_Bure 0 

June 15 South - 210615_EC_FMN 0 

June 15 South - DW061521 0 

June 16 North - 210616_FMN 0 

June 16 North - DW061621 0 

June 17 North - DW061721 0 

June 17 Talus - 210617_Talus 0 

June 18 South - DW061821 3 

June 19 South - 210619_EC_quarry_FMN 0 

June 19 South 9427G 9427G 23 

June 19 Gully - DW061921 0 

June 20 Gully - 210620_EC_gully_FMN 9 

June 20 Gully - DW062021 9 

late 

July 13 Gully - 210713_Gully_FMN 0 

July 13 Gully - DW071321 3 

July 14 South 9427G 210714_9427G_FMN 4 

July 14 South 6827F DW071421 1 

July 15 South 9427G 210715_9427G_FMN 2 

July 15 South 6827F DW071521 3 

July 16 Talus - 210716_talus 0 

July 17 North - DW071721 1 

July 18 North - 7/18/2021_BM_NH 6 

July 18 North - DW071821-NH 5 

July 18 Talus - 210718_FMN_Talus 0 

July 19 South 9427G 210719_9427G_FMN 2 

 July 19 South - 7/19/2021_BM_sH 4 

July 19 South - DW071921-SH 2 

July 20 South 9427G 210720_9427G_FMN 2 

July 20 South - 7/20/2021_BM_SH 1 

July 20 South - DW072021-SH 2 
 Total 86 
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Emergence counts during 2020 confirmed the presence of bats at 9427G, a previously identified maternity 
roost (Table D.2, Figure 3.1). Four long-eared myotis (species identification from handheld detectors 
and manually verified) were observed exiting the roost at 9427G on both days of the early survey period, 
June 22 and 26. Seventeen bats (species undetermined) were observed exiting 9427G during the first 
count of the late survey period on July 19, and bats were observed to begin re-entering the roost at 
2230 (64 minutes after sunset). Thirteen bats were seen exiting the roost on July 20, and three bats 
returned to the roost that night at 2146 (15 minutes after sunset). The first bats leaving the roost on 
the two late-period surveys exited before sunset. Bats leaving a roost early, foraging for a short time and 
then returning to the roost is behaviour consistent with females returning to nurse young pups. Observations 
of more than 10 bats are consistent with this location continuing to be used as a maternity roost. 

On average, bats were observed emerging from the cliffs 33 minutes after sunset (range 8 minutes to 
56 minutes). A maximum of 4 bats was observed emerging at 6287F, indicating that this site was less likely 
to be used as a maternity roost in 2020. 

Calls from three Myotis species were recorded on handheld detectors during emergence counts in 2020 
(Table D.3). Long-eared myotis, little brown myotis, northern myotis and unspecified Myotis were identified 
but it was often impossible to verify that the individuals exiting the roosts had produced the calls that were 
recorded. Precise emergence locations could not be determined for almost all sites, but a video recording 
was made of a bat emerging from behind a rock flake at 9427G (Figure D.1). Long-eared myotis, little 
brown myotis, and big brown bat were recorded on detectors as they were observed flying out from the gully 
next to the road but no specific roosting trees could be identified.  

Table D.3 Bat species recorded on handheld detectors in 2020 at sites where emergence was 
observed  

Date Sample period Location Site  Emerging bats Identification category 
June 22 Early South 9427G 4 Myotis 

June 22 Early South EC-DW1-062220 4 Northern Myotis 
Myotis 

June 23 Early South EC-DW2-062320 2 Long-eared Myotis 
Little Brown Myotis 

June 24 Early South EC- DW3-062420 2 Myotis 
Northern Myotis 

June 25 Early North EC-DW4-062520 4 
Myotis 

Northern Myotis  
Little Brown Myotis 

June 27 Early South EC-DW6-062720 3 
Myotis 

Little Brown Myotis  
Long-eared Myotis 

June 27 Early South 9427G 4 
Myotis 

 Long-eared Myotis 
Little Brown Myotis  

June 28 Early Gully EC-DW7-062820 5 Little Brown Myotis  

June 28 Early Gully EC-FMN-200628 16 Little Brown Myotis  
Myotis 

July 16 Late Gully EC_FMN_Gully 6 Long-eared Myotis 
 Big Brown Bat 

July 17 Late North EC_FMN-NH 3 Long--eared Myotis 

July 18 Late North 200728EC_FMN_N
H 4 Long-eared Myotis  

Big Brown Bat 
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Calls of silver-haired bats and hoary bats were also recorded incidentally on acoustic detectors during early 
and late emergence surveys. Big brown bats and silver-haired bats were actively foraging (feeding buzzes 
and observations of foraging behaviour) at emergence time, together with long-eared myotis and little brown 
myotis.  

 

Figure D.1 A Bat (White Circle) Emerges from Under a Slab of Rock (Arrow) at 9427G. 

2020 Roost Monitoring 

Both roost loggers suffered from water damage in early 2020 and did not record data between May and 
late August. The gap in bat activity and lower numbers of bat passes recorded in 2020 was caused by 
humidity and water entering both roost loggers early in the year. The roost loggers were operational, but 
the microphone sensors were compromised between April and August and required off-site repair. 
The roost loggers were dried and desiccant beads were added to absorb humidity during the July site visit. 
The roost loggers became operational just after August 30. Possibly residual humidity inside the loggers 
prevented them from operating normally until that date. 

Although the loggers did not function as planned for much of the bat active period, activity at roost 9427G 
in 2020 was confirmed by the roost logger RL1. In total, 1,418 files were recorded in 2020, of which 
1,390 were assigned to the Myotis category. Myotis bat activity was first recorded at 9247G in April and 
was increasing in early May when the logger was compromised. The last Myotis file was recorded on 
October 2 (Table D.4).  
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Roost logger RL2 deployed at potential maternity roost 6287F also recorded almost entirely Myotis files but 
only 104 files in total (Table D.4). RL2 was moved to 9247G in October (see 2021 results). 

Table D.4 Bat Species Recorded by Roost Loggers in 2020 

Identification category 
Month 

Grand total 
Apr May Jun Jul Aug Sep Oct 

RL1 total 4 68 - - 102 1,173 71 1,418 

30K - 14 - - - 2 1 17 

35K - 8 - - - - - 8 

Big brown bat / silver-haired bat - - - - - 2 - 2 

Long-eared myotis - - - - - 1 - 1 

Myotis 4 46 - - 102 1,168 70 1,390 

RL2 total - - - - 1 72 31 104 

Myotis - - - - 1 72 31 104 

2021 Emergence Counts 

Thirty-two emergence counts were conducted during June and July 2021 (Table D.1; Figure 3.1). 
Counts were completed at: 

• South cliffs, including the rock outcrop near the quarry; and, 

• North cliff, including the talus slope below the cliff; 

• Gully near 400 Rd (mature balsam poplar grove). 

Rain was recorded on three nights during four of the 32 emergence counts. Temperatures at sunset during 
emergence counts as recorded by the Portage Mountain weather station ranged from 8 oC to 18 oC during 
the June counts and from 7oC to 21oC during the July counts (Appendix E). Counts averaged 83 minutes 
in duration. 

No bats were observed emerging on 13 of the counts (Table D.2). One to four bats were observed emerging 
on most of the remaining counts, although 23 bats were counted on June 19 at 9427G, the suspected 
maternity roost. That observation confirms continued use of 9427 as a maternity roost based on the criterion 
of more than 10 bats emerging. A maximum of 3 bats was counted at 6827F, indicating that this site was 
unlikely to be used as a maternity roost in 2021. 

Bats were observed emerging at 4 of the 15 early counts (27%) and 19 of 32 late counts (59%). 
The increase in numbers in the late counts was due to more bats observed emerging during counts at 
the south cliffs.  

Five emergence counts in 2021 were located more than 15 m from counts conducted on previous years 
and are considered ‘new’ sites. One emergence count was carried out within the quarry on June 19 but no 
bats were observed. Unspecified Myotis, northern myotis and big brown bat were recorded on handheld 
detectors at sites where bats were observed emerging (Table D.5). 
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Table D.5 Bat species Recorded by Handheld Detectors in 2021 at Sites where Emergence was 
Observed 

Date Sample period Location Site Emerging 
bats Identification category 

2021-06-18 early South DW061821 3 Big Brown Bat 
Myotis 

2021-06-20 early Gully DW062021 9 
Myotis 

Northern Myotis 
Little brown Myotis 

2021-07-13 late Gully DW071321 3 Big brown Bat 
Northern Myotis 

2021-07-14 late South DW071421 1 
Myotis  

Big brown Bat 

2021-07-15 late South DW071521 3 Myotis 
Big brown Bat 

2021-07-17 late North DW071721 1 Myotis 
Big brown Bat  

2021-07-18 late North DW071821-NH 5 Myotis 

2021-07-19 late South DW071921-SH 2 Myotis  
Big Brown Bat 

2021-07-20 late South DW072021-SH 2 Myotis 

2021 Roost Monitoring 

RL1 recorded minimal activity at roost 9247G in 2021, and no activity after July (Table D.6). Only 45 files, 
almost entirely Myotis and 30K species groups, were recorded. The lack of data is likely due to a technical 
issue with the roost logger. 

The function of RL2 at roost 9247 G was also compromised based on the lack of data recorded in July and 
August (Table D.6).  RL2 began recording activity in April with a substantial increase in activity in May but 
stopped recording June 6. RL2 recorded 8 files in August, and its last file on September 21. 

Table D.6 Bat species Recorded by Roost Loggers in 2021  

Identification category 
Month  

Jan Mar Apr May Jun Jul Aug Sep Grand Total 

Roost logger 1 Total - 5 6 18 9 7 - - 45 

30K - 4 - 4 5 2 - - 15 

Big brown bat / silver-haired bat - 1 - - - - - - 1 

Long-eared myotis - - - - 1 1 - - 2 

Myotis - - 6 13 3 4 - - 26 

Red bat / little brown myotis - - - 1 - - - - 1 

Roost logger 2 Total 1 - 200 1,892 153 - 8 176 2,430 

30K - - 30 14 2 - -  46 
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Identification category 
Month  

Jan Mar Apr May Jun Jul Aug Sep Grand Total 

Big brown bat / silver-haired bat - - 21 41 - - - 2 64 

Eastern red bat - - - 8 - - -  8 

Long-eared myotis - - 1 1 2 - - 5 9 

Low frequency bat - - 2 6 - - - 7 15 

Myotis 1 - 146 1,816 147 - 8 162 2,280 

Red bat / little brown myotis - - - 6 2 - - - 8 

2020 and 2021 Long-term Acoustic Monitoring Results 

Results of acoustic monitoring in 2020 and 2021 are described below. 

2020 and 2021 Survey Effort 

The 294-SH detector suffered damage from rodents chewing the cables with resulting loss of data for 
27 days between June 22 and July 18 in 2020.  The PM-C-NH detector also suffered rodent damage in 
2020 and was not functional between June 24 and July 17. The new TAL detector recorded for 
121 detector-nights from its installation on June 26, 2020 until December 31, 2020. Total survey effort in 
2020 was 1,622 detector-nights over six detectors. 

In 2021 5 detectors recorded from January 1, 2021, until the last download on November 3, 2021, totalling 
307 nights for all five detectors, for a total survey effort of 1,535 detector-nights.  

2020 and 2021 Activity 

The first bat files recorded in January 2020 were categorized as big brown bat/silver-haired bat (23 files) 
and low-frequency bat (13 files), with the earliest file on the night of January 1 at detector PMC-NH.  

The first Myotis group (all Myotis species, 35K and red bat/little brown myotis categories) file in 2020 was 
recorded the night of April 8, 2020 (at detector PMC-NH; Table D.7).  The first file identified as little brown 
myotis in 2020 was recorded on May 15 (PMC-NH), and the first northern myotis file on April 4 (279-SH; 
Table D.8). Most (77%) of the Myotis group files recorded in April were recorded at 279-SH (Table D.7).  

Table D.7 Numbers of Myotis Group Files Recorded n April and In Late Summer/Fall 2020  

Detector April August September October November Total 

279-SH 524 13,010 6,934 54 31 20,553 

294-SH 40 4,438 1,965 16 23 6,482 

PM-C-NH 104 4,235 6,545 36 77 10,997 

PM-S3 9 3,583 1,646 66 9 5,313 

PM-TAL 0 922 685 2 0 1,609 

Total 677 26,188 17,775 174 140 44,954 
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Table D.8 Numbers of Bat Files in 2020 (Excluding Roost Logger Files and Social Calls) By Month 

Identification 
Category 

Month 
Total 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

30K 3 0 1 28 414 8 16 0 0 0 0 1 471 

35K 0 0 0 64 739 1,493 1,696 6 3 0 0 0 4,001 

Low-frequency 
bat 13 3 5 119 207 14 34 106 56 22 32 34 641 

Hoary bat 0 0 0 0 0 0 57 57 14 1 0 0 129 

Big brown bat 0 0 1 127 95 32 764 1,493 957 56 10 7 3,542 

Big brown bat / 
silver-haired bat 23 6 25 1,049 726 149 3,193 6,880 6,332 1,719 424 96 20,643 

Silver-haired bat 0 0 0 3 49 3 23 133 24 126 2 0 363 

Eastern red bat 0 0 0 1 10 28 46 13 8 1 0 0 107 

Red bat / little 
brown myotis 0 0 0 7 148 232 129 59 10 0 0 0 585 

Myotis 0 0 0 215 1,800 3,255 16,499 23,225 15,647 158 121 0 60,930 

Little brown 
myotis 0 0 0 0 10 133 683 168 124 1 16 0 1,135 

Long-eared 
myotis 0 0 0 390 1,736 286 1,892 2,559 1,977 15 3 0 8,858 

Northern myotis 0 0 0 1 25 46 75 171 14 0 0 0 332 

Grand Total 39 9 32 2,004 5,959 5,679 25,107 34,870 25,166 2,099 608 138 101,710 
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Figure D.2 depicts the number of bat files per detector-night over time in 2020.  The first substantial 
numbers of bat files in 2020 – mostly big brown bat - were recorded on serial week 16 in 2020, which 
corresponded to April 12-18. Myotis bat files began outnumbering big brown bat files two weeks later. 
Activity of both big brown bats and Myotis declined to a low on week 23 (May 31-June 6), presumably as 
emerging bats dispersed. Activity then showed a general increasing trend with file numbers peaking at 
week 34 (August 16-22) for big brown bats and week 35 (August 23-29) for Myotis. No fall peak consistent 
with swarming activity was apparent for either species group. Activity for both the big brown bat and Myotis 
group dropped off sharply in week 41 (October 4-10). Of the 43,963 Myotis files recorded in August through 
September in 2020, 19,944 (45%) were recorded at the 279-SH detector (Table D.7). 

 
Figure D.2  Big Brown Bat and Myotis Activity Recorded Over Time During 2020, Excluding Roost 

Logger Data and Social Calls 

The latest 2020 files (big brown bat/silver-haired bat) were recorded the night of December 30 at 
the PM-TAL detector. One hundred thirty-eight files were recorded during December and were assigned to 
the big brown bat (seven files), big brown bat/silver-haired bat (96 files), 30K bat (1 file) and low-frequency 
bat (34 files) species groups. The latest Myotis file was recorded November 26 (279-SH). Little brown 
myotis files were identified as late as November 15 (at PMC-NH), and the latest northern myotis files on 
the night of September 23 (at 279-SH).  

Of the 140 Myotis group files recorded in November 2020, 77 were recorded at the PM-C-NH detector 
(Table D.7). There were no known detector issues during the months of August through December 2020 
so all detectors had a similar number of operating nights. The detector with the greatest amount of activity 
between November 2020 through March 2021 for all species was 279-SH, the southernmost detector and 
the detector furthest from the quarry. Almost half (638) of the 1,318 files recorded during this period were 
recorded at that detector.   

The earliest that bats were detected in 2021 was the night of January 7 when two calls identified as big 
brown bat/silver-haired bat were recorded at the PM-Talus detector. In total, 119 bat files were recorded in 
January 2021 (Table D.9) and were categorized as big brown bat/silver-haired bat, low-frequency bat, 
big brown bat, and 30K. Most (99) of the January files were recorded by the 279-SH detector on the south 
cliff, and 85 of those were recorded over a three-night interval on January 10, 11 and 12 during relatively 
mild temperatures of -1.3 to 3.6oC. Of the 136 bat files recorded in January and February of 2021, 100 were 
recorded at detector 279-SH, the southernmost detector.  
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The first Myotis group (all Myotis species, 35K and red bat/little brown myotis categories) file was recorded 
the night of April 6, 2021 (at detector 294-SH), the first file identified as little brown myotis on April 16 
(279-SH), and the first northern myotis file on April 15 (279-SH). Of the 2,361 Myotis group files recorded 
in April, 1,259 (53%) were recorded at 279-SH (Table D.10), the same detector where the largest 
percentage of the April Myotis files were recorded in 2020. There were no known detector issues in 2021.  

Table D.9 Locations and Numbers of Myotis Group Files Recorded in April, August, September 
and October 

Detector April August September October Total 

279-SH 1,259 10,959 8,970 23 21,212 

294-SH 191 4,372 6,401 16 10,980 

PM-C-NH 439 5,273 11,974 111 17,797 

PM-S3 62 4,069 10,017 28 14,176 

PM-TAL 410 1,285 737 5 2,437 

Total 2,361 25,958 38,099 183 66,602 

The first peak of spring activity for Myotis species occurred during week 16 in 2021, which corresponds to 
April 11-17 (Figure D.3) and is consistent with 2020 (Figure D.2). There was a second peak around week 
20 (also consistent with 2020), after which activity generally declined for both species groups to week 24, 
then increased again. The greatest peak of Myotis activity was recorded in weeks 37 and 38, which 
correspond to September 5-18, consistent with swarming. There was a dramatic drop-off in Myotis group 
passes after the end of week 39 on September 25, presumably indicating the onset of hibernation and 
consistent in timing with 2020 (Figure D.2). Of the 64,057 Myotis group files recorded in August and 
September of 2021 (Table D.9), 31% were recorded by the 279-SH detector. There was no peak of fall 
activity evident for big brown bats, only a gradual decline of activity (Figure D.3). The detectors were last 
downloaded on November 3, so the dates of the latest winter activity in 2021 are not yet known. 

 

Figure D.3 Big Brown Bat and Myotis Activity Recorded During 2021, Excluding Roost Logger 
and Social Calls 
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Table D.10 Numbers of bat files identified in 2021 (excluding roost logger and social calls) by month 

Identification category 
Month 

Total 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

30K 1 0 6 387 403 99 156 69 32 1 0 1,150 

Low-frequency bat 25 13 157 2,865 1,577 764 1,271 1,310 608 88 4 8,682 

Hoary bat 0 0 0 1 2 2 159 239 101 1 0 505 

Big brown bat 1 0 23 565 583 829 871 413 250 23 0 3,558 

Big brown bat / silver-haired bat 91 0 211 3,322 3,096 2,264 4,786 5,410 1,431 380 26 21,017 

Silver-haired bat 0 0 0 90 335 46 67 283 23 1 0 845 

Eastern red bat 0 0 0 12 15 24 73 28 36 0 0 188 

Red bat / little brown myotis 0 0 0 8 66 129 139 22 29 0 0 393 

High- frequency bat 0 0 0 0 0 1 1 0 0 0 0 2 

Myotis 0 4 7 1,248 5,999 6,849 18,819 23,696 37,406 169 1 94,198 

Little brown myotis 0 0 0 2 11 82 383 135 93 0 0 706 

Long-eared myotis 0 0 0 1,101 2,076 510 1,390 1,977 535 14 0 7,603 

Northern myotis 0 0 0 2 2 19 147 128 36 0 0 334 

Grand Total 118 17 400 9,603 14,165 11,618 28,263 33,710 40,580 677 31 139,182 
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Big brown bat, eastern red bat and silver-haired bat passes were well-distributed across the bat active 
period, although big brown bat activity began earlier and continued later in the year. Hoary bats were 
detected primarily in summer and fall (Table D.10). All of the Myotis species were first confirmed in April. 
Long-eared myotis had a bimodal activity pattern with peaks in April-May and in July-August. The highest 
numbers of northern and little brown myotis were recorded in July. 

2020 and 2021 Species Presence 

In total, 101,737 bat files (excluding roost logger files and social calls) were recorded in 2020, including 
87,271 files assigned to species groups of two or more species and 14,466 files identified to a single 
species. The most commonly recorded bats were those from the Myotis group (almost 60% of calls) and 
the big brown bat / silver-haired bat group (20% of calls). Long-eared myotis and big brown bat were the 
species most often recorded of the files that could be identified to a single species (Table D.11). Seven of 
the eight bat species previously recorded within the study area (Keystone 2014; Hansen et al. 2016; Sarell 
and Alcock 2017) were identified in 2020, including the endangered little brown myotis and northern myotis. 
Long-legged myotis was not confirmed in 2020 although it was identified once in 2019 and twice in 2017.  

Table D.11 Identification of Files Recorded In 2020 (Excluding Roost Logger and Social Calls)  

Identification category Per cent of total files recorded in 2020 

30K 0.5 

35K 3.9 

Low-frequency bat 0.6 

Hoary bat 0.1 

Big brown bat 3.5 

Big brown bat / silver-haired bat 20.3 

Silver-haired bat 0.4 

Eastern red bat 0.1 

Red bat / little brown myotis 0.6 

Myotis 59.9 

Little brown myotis 1.1 

Long-eared myotis 8.7 

Northern myotis 0.3 

Grand Total 100.0 

In 2021, 139,255 bat files (excluding roost loggers and social calls) were recorded. The Myotis species 
group made up 68% of the total files recorded, and the big brown bat/silver-haired bat species group made 
up another 15% (Table D.12). Seven of the eight bat species previously recorded within the study area 
(Keystone 2014; Hansen et al. 2016; Sarell and Alcock 2017) were identified in 2021 (Table D.12). 
The endangered little brown myotis and northern myotis were both confirmed. As was the case for 2020, 
long-legged myotis was not identified in 2021 although it was recorded once in 2019 and twice in 2017. 
As in 2020, long-eared myotis and big brown bat were the species most commonly recorded. 
Note that comparison of Table D.11 and Table D.12 must consider the different survey effort (number of 
detector-nights) during the two years. 
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Table D.12 Identification of Files Recorded in 2021 (Excluding Roost Logger and Social Calls)  

Identification category Per cent of total files recorded in 2021 

30K 0.8 

35K 0.0 

Low frequency bat 6.2 

Hoary bat 0.4 

Big brown bat 2.6 

Big brown bat / silver-haired bat 15.1 

Silver-haired bat 0.6 

Eastern red bat 0.1 

Red bat / little brown myotis 0.3 

High frequency bat 0.0 

Myotis 68.0 

Little brown myotis 0.5 

Long-eared myotis 5.5 

Northern myotis 0.2 

Grand Total 100.0 

 

 



 

 

APPENDIX E 
Weather Conditions During 2020 and 2021 

Emergence Surveys
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Survey Date Sunset 
time 

Sunset 
temperature1 

(oC)  

Relative 
humidity2 

(%) 

Wind speed3 
(km/hr) 

Rain during 
survey period?4 

Other 
comments 

June 23, 2020 21:56 14.4 44.04 Not available None  

June 24, 2020 21:56 13.3 37.05 Not available None  

June 25, 2020 21:56 12.3 55.14 Not available None  

June 26, 2020 21:56 12.1 43.28 Not available None  

June 27, 2020 21:56 9.5 87.29 Not available Yes  

June 28, 2020 21:55 10.4 71.88 Not available Yes  

July 15, 2020 21:40 13.4 79.04 Not available Yes  

July 17, 2020 21:37 11.7 72.77 Not available Yes  

July 18, 2020 21:36 16.2 63.06 Not available Yes  

July 19, 2020 21:34 14.5 48.49 Not available None  

July 20, 2020 21:33 15.5 71.72 Not available Yes  

July 21, 2020 21:31 13.5 75.87 Not available Yes  

June 14, 2021 21:53 11.0  1 None  

June 15, 2021 21:54 12.1  1 None  

June 16, 2021 21:54 9.3  1 Yes  

June 17, 2021 21:55 7.8  1 None  

June 18, 2021 21:55 9.5  1 None  

June 19, 2021 21:55 10.1  1 None  

June 20, 2021 21:56 18.4  1 None  

July 13, 2021 21:43 18.5  1 None  

July 14, 2021 21:42 21.3  3 None  

July 15, 2021 21:41 18.6  9 None  

July 16, 2021 21:39 7.3  0 None  

July 17, 2021 21:38 9.0  4 Yes Foggy 

July 18, 2021 21:36 10.7  1 None Foggy 

July 19, 2021 21:35 12.4  1 None  

July 20, 2021 21:33 11.3  1 Yes  

 

 
1  From Portage Mountain quarry weather station 
2  From 9147G data logger 
3  From Hudson’s Hope weather station; data not available before October 2020 
4  From surveyor observations 



 

 

APPENDIX F 
Number of Nights Detectors were Active by Season
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Table F.1  Number of Nights Detectors were Active and Number of Nights a Detectors was 
Inactive by Season and Year. 

Year Bat Life Stage Number of Active Detector Nights Number of Inactive Detector Nights 

2017 fall 28 0 

2017 hibernation 94 48 

2017 summer 11 0 

2018 emergence 3 3 

2018 fall 7 35 

2018 hibernation 192 190 

2018 summer 135 68 

2019 emergence 8 8 

2019 fall 28 28 

2019 hibernation 194 124 

2019 summer 135 107 

2020 emergence 8 0 

2020 fall 28 0 

2020 hibernation 195 92 

2020 summer 135 27 

2021 emergence 4 0 

2021 fall 28 0 

2021 hibernation 134 0 

2021 summer 141 0 

 



 

 

APPENDIX G 
Blast Model Results for Summers 2019 to 2021
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Below are the model selection results (Table G.1) and model coefficients (Table G.2) for the blast model 
using only data from 2019-2021, which excludes 2018 when only five blasts occurred. When the 2018 data 
is excluded the blast model is no longer the top AIC model and blast is not a significant model variable.  

Table G.1 Models 1 and 3 of Summer Bat Activity at Portage Mountain Years 2019 - 2021, 
Number of Parameters (K) for the Generalized Linear Mixed Effects Models used to 
Predict the Number of Bat Calls Per Night, and the Model’s Log-Likelihood (LL) and 
Akaike’s Information Criterion (AIC) Score 

Summer models K LL AIC AIC 
weight 

Null: total bat calls per night ~ 1 + 1|Detector ID 3 -8,761.13 17,528.26 0.00 

1: total bat calls per night ~ mean temperature + 
precipitation + 1| Detector ID 5 -8,634.51 17,279.01 0.69 

3: total bat calls per night ~ blast + mean 
temperature + precipitation + 1| Detector ID 6 -8,634.33 17,280.65 0.31 

Table G.2 Coefficient from Model of Bat Activity with Occurrence of Blasting During the Summer 
Period Years 2019 - 2021 at Portage Mountain, Based on Data from 5 Detectors at 3 
Areas  

 Variable Coefficient estimate Standard error z value Lower 95% C.I. Upper 95% C.I. 

Intercept 3.82 0.28 13.77 3.27 4.36 

Blast 0.04 0.07 0.60 -0.09 0.17 

Mean temperature 0.86 0.08 11.29 0.71 1.01 

Total precipitation -0.45 0.03 -14.59 -0.51 -0.39 
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ERRATA 

In the Experimental Rare Plant Translocation Program’s 2020 Annual Report, page 11, Section 3.2, 
Table 3.2-1: Ex-Situ Propagation Results from the 2019 Seed Collection Efforts, there was an error in the 
germination percentages reported for Davis’ locoweed (Oxytropis campestris var. davisii); prairie 
buttercup (Ranunculus rhomboideus); and Sprengel’s sedge (Carex sprengelii). The germination rates 
should have read, “19%; 2%; and 33%”, respectively. The correct 2020 germination rates are provided in 
this document in Section 3.2, Phase 2 Ex-Situ Propagation.  
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ACRONYMS & ABBREVIATIONS 

 

Term Definition 

B.C. CDC B.C. Conservation Data Centre 

EIL Erosion Impact Line 

ERPT Experimental Rare Plant Translocation 

ENSCONET European Native Seed Conservation Network 

PAZ Potential Activity Zone 

PRS Potential Recipient Site 

QA/QC Quality Assurance and Quality Control 

spp. The abbreviation "spp." (plural) indicates "several species". 

sp. The abbreviation "sp." Refers to a single species. 
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1. INTRODUCTION 

As part of the federal and provincial regulatory approvals of the Site C project, BC Hydro committed to 
the creation of an Experimental Rare Plant Translocation program (ERPT) to support the viability of target 
rare plant species affected by the project. 

The ERPT program is designed to establish new populations of target rare plant species in areas that are 
secure, contain analogous habitat to the source populations, and are within the Peace Region. This 
program uses an experimental approach to identify critical factors affecting germination, establishment, 
growth, and survival of the target species, the results of which inform the scope of the design such that 
informed variations on salvage, propagation, and transplant methods can be employed. The ERPT 
program is updated on an ongoing basis to incorporate relevant information related to target rare plant 
species and translocation methods as it emerges. 

The program is founded on positive working relationships with First Nation-owned, local businesses, and 
other consultants, and benefits from the shared knowledge and experience. The knowledge acquired and 
lessons learned can be employed to maximize the success of the program and can be shared among these 
partners to increase the overall understanding of these systems within the community of contributors. 

This report summarizes the measures and activities undertaken in 2021. Included are a summary of the 
plant species of conservation concern included in the program and the general methods and activities 
completed for the four phases of the program: Phase 1 - propagule collection; Phase 2 - ex-situ 
propagation; Phase 3 - translocation implementation; and Phase 4 - post-translocation care, maintenance, 
and monitoring. 

1.1 PLANT SPECIES INCLUDED IN THE PROGRAM AND THEIR CONSERVATION 

RANKS  

The B.C. Conservation Data Centre (B.C. CDC) annually assesses the provincial conservation ranks of 
vascular plants and bryophytes in the province. This annual assessment incorporates new information 
about the abundance and distribution of the province’s flora, as well as newly recognized threats (or lack 
thereof) to known populations. The ranking update published by the B.C. CDC in 2021 (B.C. CDC 2021) 
changed the conservation status rank of 37 species in the province relative to their status in 2020. No 
changes to the conservation status rank of species included in the ERPT program were made in 2021 
(Table 1.1-1). 
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Table 1.1-1. Species included in the Experimental Rare Plant Translocation Program 

Scientific Name Common Name 

B.C. CDC 
Provincial 

Rank 

NatureServe 
Provincial 

Status 
NatureServe 
Global Status 

Canada mountain-ricegrass Piptatheropsis canadensis Red S1 (2019) G4G5 (2016) 

Davis' locoweed Oxytropis campestris var. 
davisii 

Blue S3? (2019) G5T3 (2015) 

Dryland sedge Carex xerantica Blue S3 (2019) G5 (2016) 

Prairie buttercup Ranunculus rhomboideus Blue S2S3 (2019) G5 (2016) 

Rocky Mountain willowherb Epilobium saximontanum Blue S3 (2019) G5 (1984) 

Rock selaginella Selaginella rupestris Red S2 (2019) G5 (2016) 

Slender penstemon Penstemon gracilis Blue S3 (2019 G5 (2016) 

Sprengel's sedge Carex sprengelii Blue S3 (2019) G5 (2016) 

Torrey's sedge Carex torreyi Blue S3? (2019) G4G5 (2016) 
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2. GENERAL METHODS 

2.1 PHASE 1.  PROPAGULE COLLECTION  

The standards for collecting and storing propagules for ex-situ conservation (e.g., timing, sampling, 
labelling, cleaning, processing, stratification, sowing, provenance) incorporate guidance outlined in 
Maslovat (2009) and by the European Native Seed Conservation Network (ENSCONET 2009).  

The 2021 propagule collection phase included a combination of the following collection strategies:  

 collection of seed from existing populations and sowing of seeds at a nursery, with the resulting 
seedlings targeted for out-planting at recipient sites; 

 collection of mature plants, seedlings, and cuttings from existing populations, followed by ex-situ 
propagation at a nursery and eventual out-planting of propagated material at recipient sites; and 

 collection of mature plants or seedlings from existing populations.  

2.1.1 In-situ  Seed Collection 

The 2021 in-situ propagule collection efforts focused predominantly on augmenting existing seedbank 
resources for future propagation and for insurance against stochastic events (e.g., floods), human 
disturbance, and year-to-year climatic variability. Additional collection efforts focused on salvaging plants 
from within the project footprint and directly replanting them to areas outside of the footprint or sending 
them to the native plant nurseries for care and future propagation. 

2.1.2 Ex-situ  Seed Collection 

Nursery staff collected seeds from the nursery stock derived from the 2017/2018 seed collection efforts. 
Nursery staff sorted the seeds to remove non-viable seeds (i.e., empty, or poorly developed), and the 
remaining seeds were cleaned and dried (where necessary) to maximize viability. Cleaning included the 
removal of waste material from around the seed capsule, and the use of sieves, hand separation, and air 
separation. Seeds were then placed in cold storage at the nursery to maintain seed quality and longevity. 
The provenance, seed collection procedures, and quantity collected were recorded. 

2.2 PHASE 2.  EX-SITU  PROPAGATION  

Ex-situ propagation involved stratification and propagation for each individual target species in a nursery 
environment. Curation protocols and recommendations (ENSCONET 2009) and professional horticultural 
experience were used to inform the methods for this aspect of the program.  

Through the pre-treatment process, seeds were treated to simulate the natural conditions for breaking 
seed dormancy and initiating germination. Seeds were scarified and/or stratified as relevant. Scarification 
treatments included a short hot-water bath or sandpaper, while stratification included immersing the 
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seeds into cold temperatures with moisture to simulate natural germination conditions. Seeds that were 
not intended for planting in the subsequent year were not treated and are being stored as insurance for 
potential future use. 

Propagation methods were developed based on the ecological conditions observed at the source 
populations, and included several measures and considerations (Vallee et al. 2004; Maslovat 2009) such 
as: 

 examination of the ecological and, if available, translocation literature to determine experimental 
trials, including optimum founder size (i.e., number of individuals and composition of life stages), 
reproductive status relevant to propagation for each rare plant species, and out-planting 
requirements; 

 review of common garden experiments as a potential source of horticultural information for a 
specific target species; 

 exploration and implementation of a range of techniques (e.g., varying soil substrate) to 
determine the most effective propagation options for each target species;  

 multiple germination trials to determine viability; and  

 holding back source propagules in an ex-situ collection as material for future propagation. 

All utilized ex-situ propagation methods have been documented, including the following: 

 provenance (i.e., origin of material collected); 

 type of material collected (e.g., seed, live plant); 

 location and date of collection; and 

 growing conditions such as potting media, temperature of propagation area, watering, and 
treatment of seeds.  

2.3 PHASE 3.  TRANSLOCATION  

Translocation implementation included four components: (i) recipient site selection; (ii) transport and 
plant preparation; (iii) selection of planting locations with the habitat matrix; and (iv) translocation at 
recipient sites. 

2.3.1 Recipient Site Selection 

Selection of suitable recipient sites, based on the species-specific preferred habitat characteristics, was 
informed by the extensive existing information collected for Site C along with the expert knowledge of 
qualified botanists and ecologists who performed the field verification work (see Appendix A). Selected 
sites contained habitat analogous to that at the source populations and were situated in areas that are 
unlikely to be developed in the foreseeable future. All sites selected are located within the Peace Region. 
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The stated goal of recipient site selection in 2021 was to locate suitable recipient sites for four target rare 
plant species: Davis’ locoweed, slender penstemon, Canada mountain-ricegrass, and rock selaginella. 
Before verifying and selecting recipient sites in the field, a desktop review was conducted to identify 
potential locations. The desktop review included literature reviews for each priority species to evaluate 
current and relevant species information such as habitat and translocation requirements, with a particular 
focus on reviewing new information that had been published since 2020. The updated B.C. CDC database 
was reviewed to ensure that all existing occurrences known were incorporated into the analysis, and 
queries were run on the project rare plant database to extract any habitat information that had been 
recorded during earlier years of the ERPT program.  

The habitat requirements of the four target species were grouped into four main types that represent the 
ideal habitats for translocation, with the following characteristics: 

1. river or large stream with level, open, non-active cobble bars; shading open to partial; sparsely 
vegetated; sandy, well-drained soil; 

2. dry, steep, open, south-facing hillside; relatively sparse low shrubs; xeric grassland vegetation with 
tan-coloured appearance on aerial imagery; 

3. mesic to dry, open, south-facing hillcrest or gentle slope; relatively dense low shrubs; grassland 
vegetation with a green appearance on aerial imagery; or 

4. dry, steep, open, south-facing hillcrest/hillside; relatively sparse, low shrubs; xeric grassland 
vegetation with a tan-coloured appearance on aerial imagery. 

Aerial imagery and GIS attributes were visually evaluated to identify locations with ideal ecological and 
logistical characteristics that would maximize opportunities for successful translocation. GIS layers that 
were assessed for this included: (i) aerial imagery of the Peace River region; (ii) property ownership 
(provided by BC Hydro); (iii) known element occurrences of the target species; (iv) potential recipient sites 
identified during earlier years of the project; (v) the Site C Project Activity Zone (PAZ); and (vi) the Site C 
preliminary Erosion Impact Line (EIL). This analysis resulted in the following criteria that were identified 
as indicative of suitable recipient sites:  

1. accessible by road or boat during the entire growing season; 

2. outside of the Site C PAZ; 

3. not located below the reservoir preliminary Erosion Impact Line (i.e., a precautionary estimate of 
the amount of erosion that could occur over a 100-year period); 

4. located on Crown land or BC Hydro land near the Peace River; 

5. within range of cell service; 

6. not requiring access through a locked gate or other landowner permission; 

7. contains appropriate habitat for the priority species; 

8. contains low density of non-native plants; 
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9. has low levels of anthropogenic disturbance;  

10. greater than one kilometre from known sites of the same taxon; 

11. not already occupied by other rare plant species; and 

12. located close to a water source. 

It is recognized that the list of desirable recipient site qualities describes a hypothetical ideal site. For 
example, field botanists attempted to avoid occupied sites when reviewing potential planting locations; 
however, this was only partially successful because suitable planting sites were often found to host target 
rare plant species. As a result, no site is likely to fulfill all the listed criteria, and trade-offs will always be 
necessary to ensure that the project can proceed. 

Potential Recipient Sites (PRSs) were selected partially based on distance to other planting sites, with the 
aim of distributing them over a wide geographical extent. In some instances, a site was found to contain 
suitable habitat for several ERPT target species in close proximity, and so separate PRS plots were 
completed for each target species. While this does provide the option to plant multiple species at the 
same site, with the consequent increased risk of a single disturbance event impacting multiple species, 
the limited number of suitable sites available for some of the target species necessitated using one site 
for several species in some cases. In addition, several of the target species occur together in wild 
populations, and thus their co-occurrence is consistent with natural conditions.  

Thirty-four PRSs were identified during this desktop exercise in 2021, of which 12 received field 
verification and were ranked for suitability using weighted desirable site characteristics. The 22 PRSs not 
field-verified were either too difficult to access, have been visited during earlier field surveys of PRSs, or 
are under consideration as future PRSs (see Appendix A). Of the sites that were checked, two PRSs were 
considered to be worth investigating further, and three PRS plots were completed between these two 
sites. At each PRS plot, vegetation composition and cover data were recorded for the overall site, as well 
as for three one-metre-square plots placed in representative locations. Despite challenges with avoiding 
sites in the vicinity of other rare plant populations and finding areas with water sources, the two best PRSs 
met the majority of the stated requirements. One of the PRS areas contains a variety of habitats and is 
suitable for multiple species translocation (see Appendix A); the remaining PRS was specifically selected 
for a single taxon (Davis’ locoweed) due to its distinct habitat requirements. Supplemental planting areas 
(i.e., specific microsites) were marked within suitable habitat to provide increased planting options.  

2.3.2 Transport and Plant Preparation  

Nursery seedlings (i.e., small plants in 50P or 75P size plugs) and adult plants (i.e., medium to large plants 
in 1-gallon pots) were shipped from NATS nursery on May 31 and September 1, 2021. Plants arrived at 
Dunvegan Gardens (Dunvegan) in Fort St. John on June 2 and September 2, 2021, respectively. The plants 
were housed at the garden centre and moved to a private residence in Fort St. John until transplant at 
recipient sites in the following days. Plants were stored outside in June as temperatures were above 
freezing and in the Dunvegan greenhouses in September to be naturally hardened-off until planting was 
initiated on September 9, 2021. 
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2.3.3 Selection of Planting Locations within the Habitat Matrix 

Planting locations within the larger habitat matrix at a recipient site were identified as those that were 
relatively easy to access, corresponded with known ecological conditions that support the species, 
supported plant diversity that is similar to the source populations, were on stable substrates that are not 
expected to undergo erosion or deposition, and were not accessible to cattle or used intensely by native 
herbivores. There was limited variability in the planting patterns within species, thereby minimizing 
constraints on comparability across sites within species. Within species, the planting plans sought to: 

 establish plant groupings such that there were similar conditions in terms of microsite conditions 
(e.g., soils, slope, aspect); 

 create plant groupings to encourage pollinator visitation; and  

 space individuals to minimize potential trampling during planting and monitoring and to minimize 
interspecific competition for resources (e.g., minimize density-dependent effects on survival). 

2.3.4 Translocation at Recipient Sites 

The specific timing windows for planting were determined based on past years’ experience regarding the 
average first and last frost-free days for Fort St. John, as well as plant phenology, the development stage 
of the propagated plants, the local weather, and soil moisture conditions. The timing for planting of two 
species also took into consideration the need to salvage plants prior to clearing activities occurring at one 
location. 

The initial out-planting occurred from June 9 to 15, 2021, and a subsequent out-planting occurred from 
September 9 to 16, 2021. Some plant stock was withheld from planting as insurance against inclement 
conditions that could negatively affect the initial out-planting stock. Implementation of the translocation 
planting included the following: 

 placement of plants into optimal microhabitats at the recipient sites, and in a spatial pattern 
suitable to the rare plant’s biology as observed at the source populations or otherwise known; 

 installation of durable, long-lasting tags to label individual plants and flagging tape to label plant 
groupings;  

 code systems to differentiate various experimental trials as needed to retain as much information 
as possible on the pathway of a given plant (e.g., from seed collection to planting) to facilitate 
annual assessments of success; 

 marked boundaries for plants, plant groupings, and translocation site boundaries using GPS points 
and imported into the project GIS system; 

 care and maintenance at the time of planting, such as watering and creation of microhabitat as 
necessary; 

 documentation of each translocation effort (including time spent on each phase), which included 
the methods used to prepare and transport the material from the nursery to the recipient site, 
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pre-translocation site preparation, environmental conditions, method of re-introduction, care 
and maintenance activities, planting density, and spatial pattern; and 

 post-translocation follow-up to assess the health and status of a sample and to check for other 
possible problems, such as desiccation, pest insects, trampling, herbivory, or vandalism at a 
translocation site. 

2.4 PHASE 4.  MONITORING  

Two levels of monitoring were conducted in 2021: interim monitoring and year-end monitoring. Interim 
monitoring efforts included general health assessments of the translocated plants as well as identification 
of threats and subsequent application of mitigation measures. Year-end monitoring included an 
assessment of: (i) Survivorship - to determine if individuals are surviving beyond the initial transplant year; 
(ii) Maturity - to determine if individuals are maturing to the flowering and fruiting stages; and (iii) 
Reproduction - to determine if individuals are successfully producing seeds. The following population 
traits were assessed during the monitoring program: 

 plant presence (summarized as number of live/dead/absent individuals);  

 vegetative growth (width or height) and/or health (qualitative assessment)1; 

 percent of individuals flowering/fruiting; 

 seed production per individual; and 

 spatial extent of the population.  

Monitoring activities also re-evaluated sites for the one or more of the following to identify successes and 
failures to improve the survival of future plantings: 

 invasive species presence, especially in close proximity to the translocated plants, and/or any 
species that may have inadvertently been introduced to the site during the translocation; 

 herbivory or other possible problems (e.g., pest insects, trampling, ungulate grazing);  

 human disturbance; and 

 microsite habitat preferences. 

Information gained from monitoring implementation of the various experimental translocation 
approaches used will help to identify which approaches are effective and to isolate inadequacies in specific 
methods, all within an adaptive management framework.  

 
1 This information was collected in 2021 but has yet to be analyzed. 
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2.5 QUALITY ASSURANCE AND CONTROL  

Quality assurance and quality control (QA/QC) measures were used for capturing data within the field 
program so that methods were consistently replicated across all trials and years, and so that pertinent 
variables or any variations in methodology were recorded. The data form was designed to accommodate 
data capture at the transect, plot, or individual plant level across years (Appendix B). The data form 
included the following fields:  

1. site details (i.e., Site ID, geographical location, slope, aspect, and elevation);  

2. species information (i.e., species name, nursery of origin, seedlot, key metrics for survivorship, 
maturity, and reproduction);  

3. potential threats (i.e., herbivory, drought, others); and 

4. map outlining the relative location of each individual plant and plant grouping.  

Photos were taken using the Solocator App (Civi Corp Pty Limited 2021), which were date- and time-
stamped and included the UTM location of the site. 
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3. RESULTS 

3.1 PHASE 1.  PROPAGULE COLLECTION  

The 2021 in-situ collection efforts focused on acquiring additional propagules for six species: Sprengel’s 
sedge, Torrey’s sedge, prairie buttercup, Canada mountain-ricegrass, slender penstemon, and rock 
selaginella (Table 3.1-1). No in-situ collections were made for Davis’s locoweed and dry-land sedge as 
previous collection efforts have resulted in sufficient quantity for the translocation efforts. Additionally, 
no collections were made for Rocky Mountain willowherb; there have been a number of attempts in 
recent years to locate this species in and around the reported location, but no individuals or suitable 
habitat have been observed (Eagle Cap 2020). Ex-situ seed collections were made opportunistically for 
Davis’ locoweed in August from NATS nursery stock, and the seeds were processed according to the 
methods outlined in Section 2.1.2.  

Seeds were collected from existing ex-situ populations for two species: Sprengel’s sedge and Torrey’s 
sedge (from Dry Creek and Fish Creek, respectively, Figure 3.1-1; Eagle Cap 2021). These species were 
targeted for further collection to augment the existing seedbank housed at NATS nursery. The nursery will 
sow these seeds with the intent of generating future plant stock for transplant at recipient sites. 

Mature plants (and/or seedlings) were collected from existing populations for two additional species: 
slender penstemon and rock selaginella. A substantial effort was invested in salvaging plants from Farrell 
Creek East in response to changes to the Hwy 29 realignment, which have resulted in the partial loss of 
this species occurrence. Penstemon plants along with rock selaginella sod blocks (approximately 30 cm x 
25 cm) were salvaged in a manner that retained the top growth, roots, and potential seed bank intact. 

Seed collections were also attempted for Canada mountain-ricegrass and prairie buttercup; however, no 
viable seeds were detected. Climatological conditions in 2021, particularly extreme heat during the early 
growing season (June), are likely the cause of poor detectability of Canada mountain-ricegrass. 

Table 3.1-1. Summary of Successful 2020/ 2021 Propagule Collection Efforts 

Common Name Species Name 

Propagule  
Amount  
and Type Collection Timing 

Collection 
Type 

Collection  
Location 

Davis’ locoweed O. campestris 
var. davisii 

16,000 seeds* August 17, 2021 ex-situ NATS nursery 

Rock selaginella S. rupestris ~144 sod blocks June 13, 2021 in-situ Farrell Creek East 

Slender penstemon P. gracilis ~156 plants  June 13, 2021 in-situ Farrell Creek East 

Sprengel’s sedge C. sprengelii 25 seeds  August 5, 2021 in-situ Dry Creek 

Torrey’s sedge C. torreyi 100 seeds August 03, 2021 in-situ Fish Creek 
* Quantity provided from the nursery is an estimate based on seed weight. 
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3.2 PHASE  2.  EX‐SITU  PROPAGATION    

Propagation efforts in 2021 focused on seven species: Canada mountain‐ricegrass, Davis’ locoweed, prairie 
buttercup,  slender  penstemon,  Sprengel’s  sedge,  Torrey’s  sedge,  and  rock  selaginella  (Table  3.2‐1). 
Nursery staff primarily focused on trialing methods for the two species added to the program  in 2020: 
Canada  mountain‐ricegrass  and  rock  selaginella.  These  trials  focused  on  determining  stratification 
methods for Canada mountain‐ricegrass and on determining suitable growing media for rock selaginella 
cuttings. Additional efforts were invested in refining the stratification methods for Davis’ locoweed and 
Torrey’s sedge, both of which had  low germination rates  in 2020. The stratification measures were not 
altered for the remaining species, which included prairie buttercup, slender penstemon, and Sprengel’s 
sedge. 

In  total, 2,959 rare plants were propagated  from seed along with  two blocks  (60 cm x 30 cm) of rock 
selaginella, which were grown from cuttings. The overwhelming majority of the plants propagated were 
Davis’ locoweed (2,800 seedlings: Plate 3.2‐1). Notably, the germination rate was increased to over 35% 
from 19% due to refinement of the stratification measures. The debut trial for Canada mountain‐ricegrass 
resulted in a 47% germination rate yielding nine seedlings (Plate 3.2‐2). Additionally, the germination rate 
for Torrey’s sedge was increased to 19% from 2% and resulted in 50 seedlings. The germination results 
for Sprengel’s sedge increased to 37% from 33% and resulted in 50 seedlings. The germination rate for 
prairie buttercup increased substantially from 2% in 2020 to 29% in 2021 (Plate 3.2‐3), likely as a result of 
refined stratification methods for this species. Rock selaginella was grown from two clumps (10 x cm by 
10 cm) submitted last year (Plate 3.2‐4). This species was grown in various substrate types and resulted in 
two large trays, both measuring 30 cm by 60 cm (Plate 3.2‐5). Sufficient stock for the 2021 translocation 
efforts was generated for all species. 
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Plate 3.2‐1. Canada mountain‐ricegrass adult plants 

(1 Gallon) produced in 2021. 
Plate 3.2‐2. Davis’ locoweed seedlings (50P) grown in 

2020. 

 

Plate 3.2‐3. Prairie buttercup adults (1G) produced in 2020/2021. 
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Table 3.2-1. Summary of Ex- situ Propagation Results from the  Propagule Collection Efforts 

Species Name 
Nursery of 

Origin Seedlot 

  Weight and 
No. of Seeds 

Stratified 

Germination Percent Quantity and 
Size Produced in 

2020/2021 2020 2021 

Canada 
mountain-
ricegrass  

(P. canadensis) 

NATS EL-180-20 
EL-109-20 

< 0.1 g  
(19 seeds) 

na 47 9 seedlings 

Davis’ locoweed 
(O. campestris 

var. davisii) 

NATS EL-127-19 
EL-183-17 
EL-128-19 
EL-130-19 
EL-115-17 
EL-206-18 
NN-33-20 

8 g 
(~ 8,000 seeds) 

~ 19 ~ 35%   
 

2,800 seedlings 

Prairie buttercup 
(R. rhomboideus) 

NATS EL-173-19 
EL-182-18 

0.45 g  
(360 seeds) 

~ 2 29 20 1 G and  
 30 seedlings 

Sprengel’s sedge 
(C. sprengelii) 

NATS EL-181-18 
EL-176-19 

< 0.5 g 
(135 seeds) 

33 37 50 seedlings 

Torrey’s sedge 
(C. torreyi) 

NATS EL-87-20 0.3 g  
(258 seeds) 

2 19 50 seedlings 

Rock selaginella  
(S. rupestris) 

NATS P7525FS 
P50LR50 

na na na 2 sod blocks  
(60 cm x 30 cm) 

Total      2,961  
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Plate 3.2-4. Example  of rock selaginella cuttings (Source: 
Eagle Cap Consulting Ltd.). 

Plate 3.2-5. Rock selaginella grown from cuttings in 
2020/2021. 

3.3 PHASE 3.  TRANSLOCATION IMPLEMENTATION  

Translocation implementation focused on planting trials at recipient sites that have greater long-term 
security than the locations of the source material. The recipient sites are within the known distribution range 
for the target plant within the Peace Region and have similar habitat to the location of the source material. 

Translocation trials were completed in June and September 2021 with more than 760 individuals planted 
at eight recipient sites (Figures 3.3-1 to 3.3-3; Table 3.3-1). Two priority species, rock selaginella and 
Torrey’s sedge, were translocated for the first time in this program. 

Table 3.3-1. Summary of Individuals Translocated by Species and Site ID in 2021 

Species Site ID 
Translocation 

Date 
No. of 

Seedlings* 
No. of 

Adults ** Total 

Davis’ locoweed OXYTCAM3-2020-C 

11-Jun 298 47 345 

11-Sep 30 28 58 

16-Sep 7 41 48 

Total   335 116 451 

Prairie buttercup 
RANURHO-2021-A 

9-Jun 10 3 13 

13-Sep 15 2 17 

RANURHO-2021-B 8-Jun 10 4 14 

Total 
  

35 9 44 

Slender penstemon 

PENSGRA-2020-B 9-Jun 15 1 16 

PENSGRA-2021-C (salvage) 13-Jun - - ~104 

PENSGRA-2021-C 16-Sep 10 10 20 

Total   25 11 140 
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Species Site ID 
Translocation 

Date 
No. of 

Seedlings* 
No. of 

Adults ** Total 

Sprengel’s sedge 
CARESPR-2020-1A and 1B 15-Jun 6 2 8 

CARESPR-2021-C 15-Jun 0 1 1 

Total   6 3 9 

Torrey’s sedge CARETOR-2021-A 16-Sep 5 0 5 

Total   5 0 5 

Rock selaginella 
SELARUP-2021-A (salvage) 13-Jun - ~109 ~109 

SELARUP-2021-A 16-Sep - 2 2  

Total     111 

Grand Total     760 

*  Seedlings are provided in 50P plug size containers which are 5" deep by 2" wide. 
**Adults are provided in 1-gallon pots; rock selaginella cuttings grown in trays were included in this category. 
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3.3.1 Sprengel’s Sedge  (Carex sprengelii)  

On June 15, 2021, existing populations of Sprengel’s sedge (Site ID: CARESPR-2020-B-1A and 1B) were 
augmented with six seedlings at site CARESPR-2020-B-1A and two adult plants at site CARESPR-2020-B-1B 
(Figure 3.3-4; Plates 3.3-1 to 3.3-4). These sites were established on June 11, 2020, on the north side of 
Highway 29 above Bear Flat in a moist open willow thicket. One adult was also planted at site CARESPR-
2021-C (Figure 3.3-4) in proximity to the trail towards site CAREXER-2020-D on June 15, 2021. The roots 
of each plant were gently loosened before placing each individual into excavated holes. Each hole was 
backfilled with the existing excavated soil and watered. Each plant was systematically tagged with a 
numbered yellow plastic tag fixed to the ground using 6-inch ground staples. 

 
Figure 3.3-4. Planting Grid for Sprengel’s Sedge at Site Id: CARESPR-2020-B 1A & 1B and CARESPR-2021-C 

  
Plate 3.3-1. Planting site for Sprengel’s sedge – 

CARESPR-2020-1A. 
Plate 3.3-2 Planting site for Sprengel’s sedge – 

CARESPR-2020-1B. 
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Plate 3.3-3. Installed Sprengel’s sedge  

and identification tag 091– CARESPR-2020-1B. 
Plate 3.3-4. Installed Sprengel’s sedge  

and identification tag 086- CARESPR-2021-C. 

3.3.2 Torrey’s sedge (Carex torreyi) 

On September 16, 2021, five seedlings were translocated in an open area with grasses and forbs adjacent 
to aspen forest (Site ID: CARETOR-2021-A). The planting site is close to a trail leading to site CAREXER-
2019-C (Figure 3.3-5; Plates 3.3-5 and 3.3-6). The 2021 season represented the first attempt at out-
planting Torrey’s sedge. 

 
  

Plate 3.3-5. Planting site for Torrey’s sedge – CARETOR-2021-A. Plate 3.3-6. Installed Torrey’s sedge seedling 
(50P) and identification tag 092. 



BC Hydro – ERPT Program 2021 Annual Report EcoLogic Consultants Ltd.  

December 2021 Results | 22 

 

Figure 3.3-5. Planting Grid for Torrey’s Sedge at Site Id: CARETOR-2021-A 

3.3.3 Davis’ locoweed  (Oxytropis campestris  var.  davisii) 

Existing populations of Davis’ locoweed (Site ID: OXYTCAM3-2020-C) were augmented with a total of 451 
individuals (116 adults and 335 seedlings; Figure 3.3-6, Plates 3.3-7 and 3.3-8). Forty-seven adults and 298 
seedlings (Cohort 2) were planted on June 11, 2021; 28 adult and 30 seedlings (Cohort 3) were planted on 
September 11, 2021; and 41 adults and 7 seedlings (Cohort 3) were planted on September 14, 2021.  

Davis’ locoweed were planted in clusters and arranged in relatively close proximity to each other (see 
arrangement of individual plots in Figure 3.3-6). This planting arrangement was intended to encourage 
pollinator visitation, to minimize potential trampling during planting and monitoring, and to minimize 
inter-individual resources (i.e., minimize density-dependent effects on survival; Plate 3.3-8). 

The planting method was similar to past years in the challenging cobbly substrate, where excavated sandy 
soil was separated from the cobble and mixed with wetted nursery soil to be used as back-fill (Plate 3.3-9). 
The cobble was then used to fill in gaps and was placed around each plant to be consistent with the 
existing grade. Any mosses that existed in the designated planting areas were carefully removed before 
excavation and replaced after planting. A water backpack was used to carry water from the river to 
provide additional moisture to recent plantings.  

Mesh fencing was applied around plot 3 and a portion of plot 1B to deter herbivory by ungulates 
(Plate 3.3-10). Signs of elk were evident near the site and herbivory was observed on established 
transplants from the previous year.  
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Plate 3.3-7. Example of seedling (50P)  

Davis’ locoweed transplanted (Plot 22). 
Plate 3.3-8. Example of transplanted clusters of Davis’ 

locoweed adult plants (1G). 

  
Plate 3.3-9. Pre-planting trench for Davis’ locoweed 

seedlings. 
Plate 3.3-10. Mesh fencing installed around plot 3 and a 

portion of plot 1B. 
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Figure 3.3-6. Planting Grid for Davis’ Locoweed at Site ID: OXYTCAM3-2020
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3.3.4 Slender penstemon  (Penstemon gracilis) 

Slender penstemon at various life stages (i.e., young rosettes, flowering, seeding) were salvaged along with 
rock selaginella at the Farrell Creek East on June 13, 2021 (Plate 3.3-11), and transported to a new 
translocation site (PENSGRA-2021-C), a south-facing hill overlooking the Peace River (Figure 3.3-7; 
Plate 3.3-12). An additional 52 individuals were transported to NATS nursery as insurance against 
stochastic events.  

  

Plate 3.3-11. Salvaged slender penstemon that were 
transported to Site ID: PENSGRA-2021-C. 

Plate 3.3-12. Shaded site at PENSGRA-2021-A where nursery-
grown plants were transplanted on September 16, 2021. 

  

Plate 3.3-13. Examples of translocated nursery-grown 
slender penstemon at PENSGRA-2021-C on  

September 16, 2021. 

Plate 3.3-14. Example of translocated nursery-grown slender 
penstemon at PENSGRA-2020-B on June 09, 2021. 
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Figure 3.3-7. Planting Grid for Slender Penstemon Mixed Planting with Rock Selaginella at Site ID: PENSGRA-2021-C
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At site PENSGRA-2021-C, slender penstemon were interplanted with rock selaginella (Figure 3.3-8). An 
estimated eight individuals were planted. Due to dry conditions, lack of a water source, and plant stress 
attributed to handling and transportation, many of the transplants in this initial cohort 1 were wilted at 
the time of planting despite having been stored in the shade. Follow-up watering was not completed as 
rainfall occurred directly after planting. At the same site but in a different location, 10 plugs (50P) and 10 
1-gallon individuals (cohort 2) were planted to the east of the salvaged transplants on September 16, 2021 
and labelled with orange tags (Figure 3.3-7; Plate 3.3-13). The second cohort was translocated to a shady 
upper portion of the slope which also contained stone-free soils of aeolian (wind-derived) origin. At site 
PENSGRA-2020-B-50P, 15 plugs (75P) were planted in a row above translocated individuals from the 
previous year (cohort 1); one additional adult was planted near cohort 1 as well (Figure 3.3-8; 
Plate 3.3-14).  

 

Figure 3.3-8. Planting Grid for Slender Penstemon at Site ID: PENSGRA-2020-B-50P  
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3.3.5 Prairie buttercup  (Ranunculus rhomboideus)  

Ten seedlings and three adult plants were planted at Site ID: RANURHO-2021-A on June 9, 2021 (cohort 1), 
within a saskatoon berry shrub and grass matrix (Figure 3.3-9). A second planting of 15 seedlings and 2 
adult plants were also translocated at Site ID: RANURHO-2021-A on June 13, 2021 (cohort 2; Figure 3.3-10, 
Plates 3.3-15 and 3.3-16). The June 13 plantings were situated amongst rose, saskatoon berry, and 
snowberry shrubs, and wired cages and cones were established around these plantings to deter herbivory 
(Plate 3.3-15). On June 8, 2021, 10 seedlings (75P) and 4 (1G) adults were planted at site RANURHO-2021-
B (Figure 3.3-11; Plates 3.3-17 and 3.3-18). The 2021 season represented the first attempts at out-planting 
this species for the ERPT program. 

 

 

Figure 3.3-9. Planting Grid for Prairie Buttercup at Site Id: RANURHO-2021-A Cohort 1 
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Figure 3.3-10. Planting Grid for Prairie Buttercup at Site Id: RANURHO-2021-A Cohort 2 

 

Figure 3.3-11. Planting Grid for Prairie Buttercup at Site Id: RANURHO-2021-B 
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Plate 3.3-15. Example of caged prairie buttercup seedlings 
translocated on September 13, 2021 – RANURHO-2021-A 

(plot A). 

Plate 3.3-16. Example of prairie buttercup 
seedling (75P) with identification tag 051 

translocated on September 13, 2021 –  
RANURHO-2021-A. 

 
Plate 3.3-17. Prairie buttercup translocation site– 

RANURHO-2021-B. 

 
Plate 3.3-18. Example of prairie buttercup with 

identification tag translocated on June 8, 2021 – 
RANURHO-2021-B. 

3.3.6 Rock selaginella  (Selaginella rupestris)  

Approximately 136 rock selaginella blocks were salvaged along with slender penstemon at the Farrell Creek 
site on June 13, 2021. Individuals were mostly dormant at the time of salvage and were transported to a 
new translocation site (SELARUP-2021-A; Plate 3.3-19), a south-facing hill overlooking the Peace River, 
where they were interplanted with the slender penstemon (Figure 3.3-7). Thirty-five salvaged individuals 
were also transported to NATS nursery. At the same site but at a different location, two trays of nursery-
grown rock selaginella were planted to the east of the salvaged transplants and watered (Figure 3.3-7; Plate 
3.3-20). Eight clusters of salvaged rock selaginella were also planted at site SELARUP-2021-B adjacent to 



BC Hydro – ERPT Program 2021 Annual Report EcoLogic Consultants Ltd.  

December 2021 Results | 31 

site CAREXER-2019-C (Figure 3.3-12). An additional 35 blocks of selaginella were transported to NATS 
nursery as insurance against stochastic events. The 2021 season represented the first attempts at out-
planting this species for the ERPT program. 

 

Figure 3.3-12. Planting Grid for Slender Penstemon at Site ID: SELARUP-2021-B  

  

Plate 3.3-19. Example of salvaged rock selaginella 
translocated on June 13, 2021 – SELARUP-2021-A. 

Plate 3.3-20. Example of nursery-grown rock 
selaginella translocated on September 16, 2021 – 

SELARUP-2021-A. 
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3.4 MONITORING  

Translocated individuals were monitored two to three times in 2021 to correspond with seasonal changes 
in the phenology of each species. An early spring visit determined overwintering survival, a visit during 
the summer (targeted to correspond with the potential flowering period) assessed vigour and 
reproduction, and a visit during the fall assessed survival after transplant for those species planted in the 
preceding year. Monitoring frequency was increased following any interventions to address population or 
health declines.  

3.4.1 Interim Monitoring 

The translocated populations are being monitored at a frequency that permits the timely identification of 
threats such as vandalism, desiccation, or herbivory, and to allow for subsequent mitigation measures to 
address these issues. Issues identified during the interim monitoring along with follow-up measures 
identified in 2021 are summarized in Table 3.4-1.  

Several sites were not monitored this year and are now considered inactive as they have low value for 
further translocation. For example, two dryland sedge sites (CAREXER-2018-A and CAREXER-2018-B) were 
designated as having low value for further translocation due to high herbivory and disturbance associated 
with cattle and deer at the site. In other instances, monitoring has been deferred to 2022 due to 
unforeseen logistical challenges in 2021. The remaining sites will remain active in 2022 and will be 
monitored. The monitoring dates as well as any follow-up actions are summarized by site in Table 3.4-1. 
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Table 3.4-1. Summary of Recipient Sites and Current Status  

Species Site Name Status 
Survey Date(s) 

2021 
Monitoring 

2022 Follow-up Measures 

Dryland Sedge  
(C. xerantica) 

CAREXER-2018-A Inactive Not applicable N na 

  CAREXER-2018-B Inactive Not applicable N na 

  CAREXER-2019-C Active Not applicable Y Not determined 

  CAREXER-2020-D Active June 8, August 2, 
September 13 

Y Initiate invasive plant 
removal and continue 
watering. 

  CAREXER-2020-E Active July 9 and  
August 2 

Y Restrict site visits to 2 
per year to minimize 
erosion of fine textured 
soils. 

Canada mountain-
ricegrass  
(P. canadensis) 

  Active June 8, July 7, 
September 13 

Y None identified. 

Davis’ locoweed 
(O. campestris var. 
davisii) 

OXYTCAM3-2018-A Active Not applicable Y Reassess site to 
determine if further 
monitoring of the plant 
trials is warranted. Site 
currently contains an 
existing occurrence of O. 
campestris and may 
serve as a future 
reference site. 

  OXYTCAM3-2018-As Active Not applicable Y Monitor a selection of 
seed trials in 2022. 

  OXYTCAM3-2020-B Active June 12 Y Assess if fencing is 
required to address 
herbivory. 

  OXYTCAM3-2020-C Active June 12 and 
September 12 

Y Evaluate the efficacy of 
trial fencing to address 
herbivory. Consider re-
establishing 
phenocamera to track 
herbivory. 

Prairie buttercup 
(R. rhomboideus) 

RANURHO-2021-A Active June 8, July 7, 
September 10 

Y Bear encounter and 
signs of disturbance to 
plants in 2019. 

  RANURHO-2021-B Active June 8, July 7, 
September 10 

Y Establish fencing to 
address herbivory. 
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Species Site Name Status 
Survey Date(s) 

2021 
Monitoring 

2022 Follow-up Measures 

Rock selaginella 
(Selaginella 
rupestris) 

SELARUP-2021-A Active July 7 and 
September 16 

Y None identified. 

  SELARUP-2021-B Active July 7 and 
September 10 

Y None identified. 

Slender 
penstemon  
(P. gracilis) 

PENSGRA-2020-A Active June 08,  
August 25 

Y Continued watering. 

  PENSGRA-2020-B Active June 08,  
August 25 

Y Continued watering. 

  PENSGRA-2020-C Active July 7 and 
September 16 

Y Initiate watering in 
drought conditions, if 
needed. 

Sprengel’s sedge 
(C. sprengelii) 

CARESPR-2020-1A Active June 15, July 7 
and September 

10 

Y Initiate watering in 
drought conditions, if 
needed. 

  CARESPR-2020-1B Active June 15, July 7 
and September 

10 

Y Determine if fencing is 
needed to prevent 
animals from laying on 
the plants. 

  CARESPR-2020-C Active September 10 Y Initiate watering in 
drought conditions, if 
needed. 

3.4.2 Year-end Monitoring 

Year-end monitoring involved an evaluation of survivorship, maturity, and reproduction (Table 3.4-2). 
These metrics are being used to evaluate population viability at recipient sites and to track establishment 
of the translocated plants and resulting recruitment. The year-end monitoring is critical to ensure that 
issues with viability or establishment can be identified and addressed as they arise. 

Table 3.4-2. Summary of Year-end Monitoring Results for 2021  

Species Site Name 

Survivorship Maturity Reproduction 

Survival in 
Relation to 

Total 
Percent 

Flowering 

Flowering 
in Relation 

to Total 
Percent 

Flowering  

Seed 
Production in 

Relation  
to Total 

Percent 
Flowering 

Canada 
mountain-
ricegrass 

PIPTCAN-2020-A 4/7 57% 2/7 29% 2/7 29% 
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Species Site Name 

Survivorship Maturity Reproduction 

Survival in 
Relation to 

Total 
Percent 

Flowering 

Flowering 
in Relation 

to Total 
Percent 

Flowering  

Seed 
Production in 

Relation  
to Total 

Percent 
Flowering 

Davis’ 
locoweed 

OXTYCAM3-2020-B 78/89 88% 45 51% _ _ 

 OXTYCAM3-2020-C 89/101 88% 51/101 50% 48/101 47% 

Dryland 
sedge 

CAREXER-2020-D 87/88  99% _ _ 62/88 70% 

 CAREXER-2020-E 49/50 98% _ _ 49/50 98% 

Slender 
penstemon 

PENSGRA-2020-A 25/25 100% 25/25 100% 25/25 100% 

 PENSGRA-2020-B 17/25  68% 16/25 64% 10/25 40% 

Sprengel’s 
sedge 

CARESPR-2020-A 2/2 100% 1/2 50% 1/2 50% 

 CARESPR-2020-B 3/3 100% 3/3 100% 3/3 100% 

3.4.3 Canada mountain-ricegrass (Piptatheropsis canadensis) 

Canada mountain-ricegrass at PIPTCAN-2020-A were monitored on June 8, July 7, and September 13, 2021 
(Table 3.4-2). Of the 7 individuals planted in 2020, 2 individuals survived (29 %) and 0 individuals produced 
seeds (0 %; Plates 3.4-1 and 3.4-2). Lower-than-expected survivorship and reproduction in 2021 is possibly 
linked to the extreme climatic conditions (i.e., drought, ‘heat dome’) that occurred during the early 
growing season (June), which may have affected the establishment and growth of this species at the 
recipient sites. Reproduction and vigour at natural sites were found to have decreased substantially 
between 2020 and 2021 (see Appendix A), which supports the notion that this was the result of regional 
conditions rather than site-specific challenges.  
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Plate 3.4-1. Canada mountain-ricegrass inflorescence during July 7, 2021 monitoring – PIPTCAN-2020-A. 

 
Plate 3.4-2. Canada mountain-ricegrass (tag 084) during  

September 13, 2021, monitoring – PIPTCAN-2020-A. 
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3.4.4 Davis’ locoweed (Oxytropis campestris  var. davisii) 

Davis’ locoweed at OXYTCAM3-2020-B and OXYTCAM3-2020-C were monitored on June 12. OXYTCAM3-
2020-C was also monitored on September 12, 2021 (Table 3.4-2). Of the 101 individuals planted at 
OXTYCAM3-2020-B in 2020, 99 were assessed. Of these, 78 individuals survived (88%) and 45 individuals 
produced flowers (51%; Plate 3.4-3). During monitoring, all of the 101 individuals planted at OXTYCAM3-
2020-C in 2020 were assessed. Of these, 89 individuals survived (88%), of which 48 produced seeds (47%; 
Plate 3.4-4). It was noted during monitoring that 10 of the translocated plants at OXYTCAM3-2020-B and 
17 of the of the translocated plants at OXYTCAM3-2020-C are showy locoweed (O. splendens; Plate 3.4-5), 
which have not been included in the summary totals. These species are similar in appearance and 
commonly co-occur at the same sites. Thus, some showy locoweed seeds were accidentally mixed with 
the Davis’ locoweed seeds collected in 2017 and/or 2018.  

  
Plate 3.4-3. Davis’ locoweed adult plant flowering – 

OXTYCAM3-2020-C on June 12, 2021. 
Plate 3.4-4. Davis’ locoweed seedling plants flowering 

– OXTYCAM3-2020-B on June 12, 2021. 
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Plate 3.4-5. Showy locoweed adult plant flowering on June 12, 2021;  

this individual originated from seeds collected in 2017/2018  
and represents accidental contamination during seed collection  

for Davis’ locoweed – OXTYCAM3-2020-C. 

3.4.5 Dryland sedge (Carex xerantica) 

Dryland sedge at CAREXER-2020-D and CAREXER-2020-E were monitored on August 2, 2021. Of the 99 
individuals planted at CAREXER-2020-D in 2020, 88 were assessed. Of these, 87 individuals survived (98%) 
and 62 individuals produced seeds (70%; Plate 3.4-6). All of the 50 individuals planted at CAREXER-2020-
E in 2020 were assessed; of these, 49 individuals survived (98%) and all 49 produced seeds (98%; 
Plate 3.4-7). Due to the timing of this assessment, inflorescences contained immature/sub-mature 
perigynia that had not yet reached the stage of dispersal; these were interpreted as being indicative of 
successful seed production during the 2021 year. 
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Plate 3.4-6. Vigorous dry-land sedge transplant during 
August 2, 2021, monitoring – CAREXER-2020-D. 

Plate 3.4-7. Dry-land sedge inflorescence during June 
8, 2021, monitoring – CAREXER-2020-E. 

3.4.6 Slender penstemon (Penstemon gracilis) 

Slender penstemon at PENSGRA-2020-A and PENSGRA-2020-B were monitored on August 25, 2021 
(Table 3.4-2). All the 25 individuals planted at PENSGRA-2020-A in 2020 were assessed; of these, all 25 
individuals survived (100%) and produced flower and seeds (100%; Plate 3.4-8). Of the 25 individuals 
planted at PENSGRA-2020-B, 17 survived (70%), 16 produced flowers, and 10 produced seeds (42%; Plate 
3.4-9). 
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Plate 3.4-8. Slender penstemon seed 

heads on July 7, 2021– PENSGRA-2020-A. 
Plate 3.4-9. Slender penstemon seeds on July 7, 2021 – PENSGRA-

2020-B. 

3.4.7 Sprengel’s sedge (Carex sprengelii) 

Sprengel’s sedge at CARESPR-2020-A and CARESPR-2020-B were monitored on June 15, July 7, and 
September 10 (Table 3.4-2). Both individuals planted at CARESPR-2020-A survived (100%) and produced 
seeds (100%; Plate 3.4-10). All three of the individuals planted at CARESPR-2020-B also survived and 
produced seeds (100%; Plate 3.4-11). 

  

Plate 3.4-10. Carex sprengelii seed development in July 7, 2021– 
CARESPR-2020-1B 2021. 

Plate 3.4-11. Carex sprengelii seed 
development in September 10, 2021– 

CARESPR-2020-1A. 



BC Hydro – ERPT Program 2021 Annual Report EcoLogic Consultants Ltd.  

December 2021 Results | 41 

3.5 PLAN FORWARD  

Information gained from the 2021 program will inform improvements to project methods and 
management in 2022. The propagation protocols continue to be developed for species that were new to 
the program in 2020 (i.e., Canada mountain-ricegrass, rock selaginella) and are being refined for species 
with lower germination rates (i.e., Davis’ locoweed, Torrey’s sedge). Additional propagule collection 
and/or recipient site selection for Canada mountain-ricegrass and rock selaginella will be a primary focus 
of the 2022 program, as will the augmentation of existing recipient sites for Davis' locoweed, Torrey’s 
sedge, Sprengel's sedge, and prairie buttercup.  

Future efforts will also focus on distributing sites as widely as possible to disperse the translocated plants 
across a larger number of recipient sites. This will build resilience into the program and help alleviate the 
impacts of stochastic events (e.g., floods, fires, landslides) on the overall program objectives. Although 
some sites will still receive multi-species plantings due to their accessibility, available planting area, 
available resources, and habitat conditions, additional single-species sites will be established where 
suitable habitats exist. New recipient sites will be evaluated with a stronger focus on the accessibility of 
resources, particularly water, as earlier translocation efforts have demonstrated that water availability 
can be a limiting factor at many sites.   

In conjunction with enhancing existing populations, future efforts will be dedicated to understanding 
population dynamics of each species using ongoing monitoring data, including an assessment of 
recruitment (i.e., germination of the second and subsequent generations). However, at this early stage of 
program implementation, it is difficult to predict which analytical approaches will be appropriate to 
address questions related to population dynamics. For example, constraints imposed by small sample 
sizes or cohort sizes will limit analytical options for many target species. For species with larger potential 
sample sizes both within and across occupied sites (e.g., Davis’ locoweed), standard vital rate regression-
based analyses based on counts of individuals are planned for 2022. In addition, the program will evaluate 
whether analysis-based population-level data (e.g., percent cover), which are simpler to apply over 
broader spatial areas, may have value as a rapid assessment tool (e.g., Tredennick et al. 2017).  

Future efforts will also focus on improving the detectability of species using alternate markings that are 
more visible throughout the entire growing season. Other mitigative measures, including protective 
fencing or cages to prevent damage from herbivory and the control of invasive plants, will be implemented 
in 2022. As all phases of the program work concurrently, opportunities for improvement will be identified 
within an adaptive management framework throughout the remaining lifespan of the program. 
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APPENDIX A. SITE C EXPERIMENTAL TRANSLOCATION 
PROJECT: POTENTIAL RECIPIENT SITE SELECTION METHODS & 
RESULTS MEMO 
  



MEMO
Date: December 8, 2021

To: Natasha Bush (EcoLogic)

From: Randy Krichbaum (Eagle Cap), Margaret Krichbaum (Eagle Cap)

Subject: Site C Experimental Translocation Project: Potential Recipient Site Selection Methods & Results

INTRODUCTION

An important component of the Site C Experimental Rare Plant Translocation (ERPT) program is the selection of
suitable recipient sites for planting of propagules collected from the project activity zone. Program planning in
the spring of 2021 identified a need for five recipient sites to accommodate the propagules collected (or
planned for collection). This memo outlines the methods and results of the recipient site selection work
performed in 2021.

The goal of this work was to locate and document suitable recipient sites for planting of rare plant propagules
(seeds, achenes, spores, and started plants). The sites needed to meet a number of criteria regarding habitat
(both biotic and abiotic components), accessibility, and geographic location.

METHODS

Prefield Review

A prefield review was conducted to identify and delineate possible recipient areas for later verification in the
field. The review followed a structured workflow designed to locate the optimal planting locations based on the
desired site characteristics.

A team of two qualified botanists completed the majority of the prefield and field portions of this work, in
consultation with the ERPT project manager. The botanists have performed extensive rare plant work in the BC
Peace River area, and as such are familiar with both the habitat requirements of rare species and the logistics of
working in the Peace Region.

Four of the nine taxa currently in the ERPT program were selected by the program manager as 2021 target
species in need of additional recipient sites for translocation:

● Oxytropis campestris var. davisii (Davis’ locoweed)
● Penstemon gracilis (slender penstemon)
● Piptatheropsis canadensis (Canada mountain-ricegrass)
● Selaginella rupestris (rock selaginella)

The project botanical team met in May 2021 to review the target species list and define desired recipient site
characteristics. Each desired site characteristic was also assigned a weighting to reflect its relative importance

1103-240 70 Shawville Blvd SE — Calgary, Alberta T2Y 2Z3 — 403.910.0319



to successful propagule establishment. This allowed for the potential recipient sites to be ranked for suitability
following the field visits.

The prefield review identified thirteen desirable characteristics of the potential recipient sites. While no
potential recipient site can meet all of the listed criteria, the intent of the work was to locate the best possible
sites given the limitations present. An ideal site would have the following characteristics:

● contain suitable good-quality habitat for the specific rare plant taxon
● be located in the Peace River region of BC
● be located on land owned by BC Hydro or on Crown land
● not be located on lands requiring access through a locked gate or other owner permission
● not be located in the Site C Project Activity Zone (PAZ)
● not be located below the reservoir preliminary Erosion Impact Line (EIL - a precautionary estimate of

the amount of erosion that could occur over a 100 year period)
● be accessible by road or boat during the entire growing season
● have a low likelihood of future disturbance
● have a low percentage of non-native plants
● have good cell service
● be more than one kilometre from known occurrences of the same taxon
● not contain known occurrences of other rare plant taxa
● be close to a source of water

A literature review was conducted for each of the nine species currently in the ERPT program to evaluate any
new information relevant to the translocation work. This included checks of recent BC Conservation Data Centre
(BCCDC) information to uncover any new element occurrences or changes to rare status, and a Google Scholar
search for literature on the nine species published since 2020. The review supplemented literature searches
conducted in previous years for the translocation project. Queries were also run on the project rare plant
database to uncover apparent habitat associations for the four 2021 target species based on updated field data.

The habitat needs for the four target taxa were then reviewed and grouped into four types, in order to aid in
the visual evaluation of aerial imagery:

1. river or large stream, with level, open, non-active cobble bar; shading open to partial; sparsely
vegetated; sandy, well drained soil

2. dry, steep, open south-facing hillside; relatively sparse low shrub, xeric grassland vegetation with a
tan-coloured appearance

3. mesic to dry, open, south-facing hillcrest or gentle slope; relatively dense low-shrub grassland
vegetation with a green-coloured appearance

4. dry, steep, open south-facing hillcrest/hillside in close proximity to a gravel pit; relatively sparse low
shrub, xeric grassland vegetation with a tan-coloured appearance
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Using the list of desired site characteristics, the four habitat grouping types, and other collected information,
Geographic Information System (GIS) layers were visually examined and potential recipient sites were selected.
Primary GIS layers used for this phase of the prefield review were:

● aerial imagery of the BC Peace River region;
● property ownership provided by BC Hydro;
● known element occurrences of the priority taxa;
● potential recipient sites documented in previous years;
● the Site C Project Activity Zone; and
● the preliminary Erosion Impact Line.

Field Verification

Once recipient areas had been marked in the GIS, selected sites were inventoried in the field to determine
suitability. Suitable Potential Recipient Sites (PRS) were evaluated and documented, with the data entered into
a digital form for later analysis. Data elements collected included all those typically required by the BCCDC to
document rare vascular plant element occurrences, as well as ratings for each of the thirteen desired site
characteristics.

In addition to the vegetation composition and cover data recorded for the overall site, in certain cases three
supplemental one-metre-square vegetation plots were placed in representative locations. Species codes, with
their associated percent covers, were recorded on a paper form for later analysis.

Potential Recipient Sites were selected partially based on distance to other planting sites, with the aim of
distributing them over a wide geographical extent. In some instances, a site was found to contain suitable
habitat for several ERPT program species in close proximity, and so separate PRS plots were completed for each
program species. While this does provide the option to plant multiple species at the same site, with the
consequent increased risk of a single disturbance event impacting multiple species, the limited number of
suitable sites available for some of the program species necessitated using one site for several species in some
cases. In addition, several of the program species occur together in wild populations.

RESULTS

Prefield Review

The literature search uncovered four recent references containing information potentially relevant to the
translocation of the ERPT program species.

● An Illustrated Key to the Onagraceae of Alberta (Kershaw & Allen 2020)

● Legumes of the great plains: an illustrated guide (Stubbendieck et al. 2021)

● Functional trait similarity predicts survival in rare plant reintroductions (Ames et al. 2020)
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● Are large census-sized populations always the best sources for plant translocations? (Van Rossum et al.
2021)

The queries run on the Site C rare plant database to identify habitat associations for the four 2021 target
species returned three helpful correlations that may have not been otherwise noted. These refine the
correlations uncovered during previous years’ prefield reviews and are:

● For Oxytropis campestris var. davisii: 0-5° slope for all occurrences, except one, where slope was
recorded (26 occurrences)

● For Penstemon gracilis: most occurrences (16 of 20) are on steeper slopes (15–30°) that are south
facing (all aspects are S, SW, or SE where aspect is recorded)

● For Selaginella rupestris: all occurrences are on steep slopes (20–45°) where slope is recorded (6 of 10
occurrences); aspect is recorded as south facing and crown closure is listed as “open” or “partial” for all
occurrences where those fields were recorded (8 of 10 occurrences)

A total of 34 planting areas that appeared to have a high likelihood of meeting the requirements for recipient
sites were selected from the examination of the GIS layers (essentially these consisted of planting areas
selected in the 2019 and 2020 prefield reviews that were still under consideration). The most weight was given
to the appropriate habitat types and ease of legal access criteria. Some planting areas appeared to contain
habitat specific to only one rare taxon, and other areas were thought to contain habitat for multiple rare taxa.
Not all potential planting areas in the BC Peace Region were considered; rather the review focussed on areas
that appeared to be easily accessible by road from Fort St. John, and on areas that were thought to be easily
accessible by boat on the Peace River. Therefore, if additional potential recipient sites are required in the
future, the as-yet unreviewed portions of the BC Peace region remain for consideration.

A unique PRS point was then generated for each planting area microsite thought to have suitable habitat for
translocation of one of the four 2021 target species. These points were intended to speed the field verification
work by directing the surveyors’ effort on the ground towards microsites of the best quality habitat. There was
no expectation that every PRS point would be field checked, and the exact location for each actual PRS plot was
to be decided in the field after a cursory area survey.

The majority of the PRS points used for the 2021 recipient site evaluation work had been generated previously,
in the prefield reviews completed in 2019 and 2020 for the project. Therefore few new PRS points were
required for the four 2021 target taxa: 12 new points were generated for Oxytropis campestris var. davisii and
one new point for Penstemon gracilis. No new PRS points were needed for Piptatheropsis canadensis or
Selaginella rupestris.

Field Verification

The team of two botanists performed the field verification work between June 9 and 15, and on August 4 & 5,
2021. In preparation, the 34 selected planting areas were grouped according to the general access route to
allow for efficient survey days. Of the 34 planting areas delineated, 12 received either complete or partial field
checks (Table 1). Eleven areas were reached by road from Fort St. John, with the closest area located
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approximately nine kilometres away, and the farthest area approximately 105 km from the town. The 12th area
consisted of boat access sites along an approximately 35 km stretch of the Peace River below Fort St. John, BC.

The 22 planting areas not field checked in 2021 consist of 11 that are still considered to be of possible use if
additional potential recipient sites are required in the future, and 11 that were field checked previously and
have already had plots completed or have been set aside for future consideration.

Table 1: ERPT Potential Planting Areas Considered in 2021

Planting Area ID Field Checked? Field Check Date(s) Details

4 yes 2020-06-07, 2021-06-13 Plots Completed in 2020

14 yes 2020-06-05 Set Aside for Future Consideration

15 yes 2019-06-02 Set Aside for Future Consideration

16 no Possible for Future Evaluation

17 yes 2020-07-30 Set Aside for Future Consideration

22 yes 2020-06-12, 2021-06-15 Plots Completed in 2020 & 2021

23 yes 2020-08-06 Set Aside for Future Consideration

28 yes 2020-06-05, 2021-08-05 Plots Completed in 2020

29 yes 2021-06-10 Set Aside for Future Consideration

30 yes 2021-06-11 Set Aside for Future Consideration

31 yes 2019-06-07 Set Aside for Future Consideration

32 yes 2021-06-10, 11 & 2021-08-05 Set Aside for Future Consideration

34 yes 2020-06-09, 2021-06-11 Plots Completed in 2020 & 2021

35 no Possible for Future Evaluation

36 no Possible for Future Evaluation

37 no Possible for Future Evaluation

38 no Possible for Future Evaluation

39 yes 2020-06-07 Set Aside for Future Consideration

40 yes 2020-06-07, 2021-06-13 Plots Completed in 2020

41 no Possible for Future Evaluation

42 no Possible for Future Evaluation

43 yes 2020-08-03 Set Aside for Future Consideration

44 yes 2020-06-07 Plots Completed in 2020

45 yes 2020-06-08 Set Aside for Future Consideration

48 yes 2020-06-04 Set Aside for Future Consideration

49 yes 2020-06-09, 2021-06-13 Plots Completed in 2020

50 no Possible for Future Evaluation
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Planting Area ID Field Checked? Field Check Date(s) Details

51 yes 2021-06-09 No Habitat for Target Species

52 yes 2020-08-02 Set Aside for Future Consideration

53 no Possible for Future Evaluation

54 no Possible for Future Evaluation

55 no Possible for Future Evaluation

56 yes 2021-06-10 No Habitat for Target Species

57 yes 2020-10-08, 2021-08-03 Plots Completed in 2020

The 12 field checks produced the following results:

● two planting areas did not contain appropriate habitat for the target species;

● eight planting areas were set aside for future consideration; and

● two planting areas were considered to be worth investigating further.

A survey of each of the two “best choice” planting areas was performed, and a total of three PRS plots were
completed (Table 2). Supplemental planting locations were also marked in suitable habitat near the PRS plots,
where appropriate, to provide options for the planting crew.

It should be noted that during the course of the field verification surveys, eight new rare plant sites were
discovered: five patches of Carex xerantica, and one patch each of Lomatium foeniculaceum var. foeniculaceum
(fennel-leaved desert-parsley), Oxytropis campestris var. davisii, and Penstemon gracilis.

The late-season Piptatheropsis canadensis PRS survey work was curtailed due to the greatly decreased
detectability of the species in the 2021 growing season, possibly due to an extreme heat event in late June
(Preprost 2021). One Piptatheropsis canadensis PRS point was field checked and set aside for future
consideration, and two PRS points were marked for field evaluation in 2022.

Table 2: Potential Recipient Site Plots 2021

PRS Site ID Taxon Habitat Survey Date Area (sq m)

PRS-OXYTCAM3-019 Oxytropis campestris var.
davisii

POPUBAL regrowth on cobble
bar

2021-06-15 2,500

PRS-PENSGRA-019 Penstemon gracilis Dry grassland shrub slope 2021-06-11 200

PRS-RANURHO-014 Ranunculus rhomboideus Mesic shrubby meadow 2021-06-11 750
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DISCUSSION

The goal of the work was to locate one or two suitable recipient sites for the current year’s target taxa based on
the 13 criteria listed in the Methods section above. During the course of the field verification, it became clear
that the first 10 criteria were relatively easy to meet (that is, accessible planting areas outside of the Site C PAZ
and EIL, on Crown land near the Peace River, which contain appropriate rare plant habitat, low levels of both
non-native plants and disturbance, and that have good cellular coverage).

However, the final three criteria proved much more challenging (i.e., planting areas greater than one kilometre
from known sites of the same taxon, not already occupied by other rare plant species, and close to a source of
water). While the prefield review specifically avoided known rare plant sites in choosing potential planting areas
to evaluate, it was anticipated that new rare plant occurrences would be discovered since the goal was to target
high-quality rare plant habitats. Thus, eight new rare plant sites were documented by the survey team during
the field verification process. The surveyors attempted to avoid these new sites when placing PRS plots and
marking supplemental planting locations, but this was not always successful: at both recommended planting
sites, PRS plots had to be placed in the vicinity of other rare plant populations (natural or translocated). In
addition, one of the new rare plant patches discovered in 2021 was located less than one kilometre from a 2019
recommended recipient site for the same species, consequently lowering the desirability of that particular site.
However these compromises were accepted as reasonable considering that naturally-occurring multi-species
rare plant sites are frequently found in the BC Peace region.

The final compromise for PRS plot placement, as anticipated, was that only the Oxytropis campestris var. davisii
plots along the Peace River could be said to have a source of water. The remaining three priority taxa require
mesic to xeric habitats generally found on dry slopes well above the river, and only rarely near year-round
streams or springs.

Therefore, given the above caveats, the two planting areas where PRS plots were completed in 2021 do meet
the majority of the requirements of an ideal recipient site. One of the planting areas contains a variety of
habitats and is suitable for multiple species translocation. The remaining planting area was specifically selected
for a single taxon.

The area chosen for multiple species translocation is a Crown parcel above Bear Flat on the north side of
Highway 29. Two PRS plots were completed, for Penstemon gracilis and Ranunculus rhomboideus.

For Oxytropis campestris var. davisii, which requires a specific type of riparian habitat, one PRS plot was
completed on an island in the Peace River, downstream of Taylor, BC, approximately 5 km above the confluence
of the Beatton River.

.
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