
Threatened species require habitat and microhabitat that 
suits their specific needs seasonally and spatially in order 
to reproduce, thrive, and recover (Briggs, 2009). Biphasic 
amphibians, in particular, can be challenging to manage 
since their populations require both aquatic (breeding) 
and terrestrial (non-breeding) habitats at different life 
stages and different times of the year (Wilbur, 1980; 
Semlitsch, 2000). Many larval amphibian species are 
adapted to exploit transient aquatic environments while 
the adult stage is adapted for dispersal and reproduction 
(Wilbur, 1980). Adult amphibians often seek out uplands 
for refugia during some portion of the year in order to 
estivate, while other individuals or species move among 
aquatic features (Duellman and Trueb, 1994; Stebbins 
and Cohen, 1995; Fellers and Kleeman, 2007). Species 
distributed in seasonally warm, dry climates, like the 
western United States, may frequently require secondary 
aquatic sites or an estivation site that can be used to avoid 
desiccation during periods when the primary aquatic 
refugia have dried (Alvarez, 2004; Fellers and Kleeman, 
2007; Tatarian, 2008).

The California red-legged frog (Rana draytonii), a 
threatened species throughout its range, is known to make 
overland movements in order to find suitable upland and 
aquatic habitat (Bulger et al., 2003; Fellers and Kleeman, 
2007; Tatarian, 2008; Surber, 2019). Allaback et al. (2010) 
observed that recently metamorphosed R. draytonii 
moved upland following rain events to disperse or to 
seek out refugia. When R. draytonii were occasionally 
encountered in upland areas (wet seeps, under dense 
vegetation, in small mammal burrows, etc.), they were 
presumed to have arrived serendipitously (Fellers and 
Kleeman, 2007). Storer (1925) reported a finding (by J. 

Dixon) of seven adult R. draytonii wintering within a 15-
cm layer of silt in 30-cm-deep water, at the bottom of a 
wooden spring box. This observation in January 1924 was 
considered to involve a group of frogs in torpor, based on 
their immobility when they were being removed. Since 
Storer (1925) reported this event, observations of the use 
of spring boxes by R. draytonii has not been reported and 
was seemingly forgotten. 

Spring boxes are common historic rangeland features 
that are still in use across much of California’s working 
rangelands and are relict, but functional, in areas where 
grazing has long since ceased. They were created so 
that grazing cattle seeking drinking water would not 
degrade the quality of freshwater flowing from a spring 
by drinking directly from it, or by trampling it. When 
springs are protected, clear perennial water could be 
directed from the box, through a pipe, and to a trough or 
pool away from the spring. Spring boxes were most often 
placed to capture perennial or intermittent flows from 
seepage springs, and excavations for spring boxes were 
often chosen by the presence of hydrophilic plants, such 
as rushes (genus Juncus) or sedges (genus Carex). We 
hypothesized that the use of spring boxes by R. draytonii 
was unlikely to be an artifact of history, and that spring 
boxes might provide year-round habitat for frogs, not just 
overwintering habitat for animals in torpor, as reported 
by Storer (1925). Herein we report on observations of the 
long-term use of nine spring boxes by R. draytonii within 
two disparate California counties. 

In Contra Costa and Sonoma Counties in northern 
California, spring boxes were generally pre-existing 
structures made of redwood (Sequoia sempervirens), 
many built by cattle ranchers up to 100 years ago. Spring 
boxes can vary widely in size and depth but those in 
Contra Costa County ranged from dimensions (length x 
width x height, in metres) of 2 x 2 x 2.5 to 5 x 5 x 0 and 
stand above the ground or lay at ground level (as in the 0 
m height). All of the spring boxes we monitored in Contra 
Costa County were constructed above ground (Fig. 1) 
while those in Sonoma County were constructed such 
that the top edge was only slightly above the surrounding 
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-HII�$��$OYDUH]�	�-HIIHU\�7��:LOFR[���

VXUIDFH�� %RWK� GHVLJQV� ZHUH� FRQVWUXFWHG� WR� KROG� RSHQ�
D� UHVHUYRLU� WKH� VL]H�RI� WKH�ER[��$OO� VL[� VSULQJ�ER[HV� LQ�
&RQWUD� &RVWD� &RXQW\� ZHUH� FRQVWUXFWHG� DW� WKH� KHDG� RI�
D� VSULQJ� LQ� DQQXDO� JUDVVODQGV�� ,Q� 6RQRPD�&RXQW\�� RQH�
VSULQJ�ER[�ZDV� FRQVWUXFWHG�RI�PRUWDU� DQG�QDWLYH� URFN��
FDSWXULQJ�D�SHUHQQLDO� VHHS�IURP�D� IDXOW� LQ� WKH�EHGURFN��
7KLV�VSULQJ�ER[�KDG�GLPHQVLRQV�RI�FD����[�����[������$�
VHFRQG�ER[�ZDV�FRQVWUXFWHG�RI�UHGZRRG�ERDUGV�ZLWK�WKH�
WRS�VHW�DW�JURXQG�OHYHO��PHDVXULQJ���[�����[������7KLV�ER[�
LV�GLYLGHG�E\�D�ERDUG�WKDW�VSOLWV�LW�LQWR�WZR�FRPSDUWPHQWV�
WKDW�IHHG�VHSDUDWH�ZDWHU�GHOLYHU\�V\VWHPV��7KH�WKLUG�VSULQJ�
ER[�ZDV���[���[���DQG�ULQJHG�E\�SODQWLQJV�RI�/RPEDUG\�
SRSODU� �Populus nigra��� WKH� URRW� V\VWHP� RI� ZKLFK� KDV�
DVVXPHG�WKH�VKDSH�RI�WKH�RULJLQDO�UHGZRRG�ERDUGV��ZKLFK�
KDG� ORQJ� VLQFH� GLVLQWHJUDWHG�� ,Q� ERWK� ORFDWLRQV�� VSULQJ�
ER[HV�ZHUH�FRQVWUXFWHG�RU�PDLQWDLQHG�LQ�D�PDQQHU�WKDW�
LQDGYHUWHQWO\�DOORZHG�DFFHVV� WR�VPDOO�DQLPDOV�DQG�DOVR�
DOORZHG� VPDOO� DPRXQWV�RI�ZDWHU� WR� VHHS�RXW��:LWK�RQH�
H[FHSWLRQ� LQ�6RQRPD�&RXQW\��HDFK�RI� WKH�VSULQJ�ER[HV�
ZDV� ORFDWHG� IDU� IURP� DTXDWLF� EUHHGLQJ� KDELWDW� VXFK� DV�
SRQGV��ODNHV��VWUHDPV��RU�RWKHU�VXLWDEOH�ZHWODQGV�
:H� YLVLWHG� VL[� VSULQJ� ER[HV� LQ� &RQWUD� &RVWD� &RXQW\�
�XSSHU� .HOORJJ� &UHHN� ZDWHUVKHG�� ¿YH� WLPHV� SHU� \HDU�
EHWZHHQ� ����� DQG� ������ DQG� WKUHH� ER[HV� LQ� 6RQRPD�

&RXQW\� �XSSHU�&RSODQG�&UHHN�:DWHUVKHG��ZHUH� YLVLWHG�
PRQWKO\� IURP� ����±������ 9LVLWV� ZHUH� GHVLJQHG� WR�
GHWHUPLQH�LI�VSHFLDO�VWDWXV�ZLOGOLIH�VSHFLHV�ZHUH�XVLQJ�WKH�
VSULQJ�ER[HV��DQG�LI�VR��FHQVXV�WKH�DQLPDOV�DQG�WKHLU�OLIH�
VWDJHV��'XULQJ�YLVLWV�WR�WKH�VSULQJ�ER[HV�LQ�&RQWUD�&RVWD�
&RXQW\��R. draytonii�ZHUH� HQFRXQWHUHG� LQ� ����� RI� WKH�
YLVLWV�DW�HYHU\�VSULQJ�ER[��$�VLQJOH�HJJ�PDVV�ZDV�REVHUYHG�
DW�RQH�VSULQJ�ER[�GXULQJ�D�VLQJOH�\HDU���������DQG�ODUYDH�
ZHUH�QRWHG�DW�D�VHFRQG�VSULQJ�ER[�GXULQJ�WZR�FRQVHFXWLYH�
\HDUV� ������� ������� $GXOW� IURJV� ZHUH� DOVR� SUHVHQW� DW�
VSULQJ�ER[HV�DQG�ZHUH�IRXQG�EDVNLQJ�RQ�ÀRDWLQJ�GHEULV�
RU�ÀRDWLQJ� LQ�RSHQ�ZDWHU� DORQJ� WKH�ER[� HGJHV� �)LJ�� ����
,Q� �����PDLQWHQDQFH�ZDV� FRQGXFWHG� DW� D� VLQJOH� VSULQJ�
ER[�RQ�&RQWUD�&RVWD�&RXQW\� WKDW� LQFOXGHG� VLOW� UHPRYDO�
DQG�UHEXLOGLQJ��'XULQJ�WKLV�DFWLYLW\�����DGXOW�R. draytonii 
ZHUH�KDQG�FROOHFWHG� IURP� WKH� VSULQJ�ER[�� WKHQ� UHWXUQHG�
IROORZLQJ�PDLQWHQDQFH�DQG�UHFRQVWUXFWLRQ�RI�WKH�ER[�
,Q�6RQRPD�&RXQW\�� WZR�RI� WKH�WKUHH�VSULQJ�ER[HV�KDG�
�����RFFXSDQF\��L�H���HQFRXQWHUHG�DW������RI�YLVLWV��E\�
R. draytonii�� WKH�ER[�PDGH�RI� VWRQH�KDG�DSSUR[LPDWHO\�
����RFFXSDQF\��1R�HYLGHQFH�RI�UHSURGXFWLRQ�LQ�DQ\�RI�
WKHVH�VSULQJ�ER[HV� LQ�6RQRPD�&RXQW\�KDV�EHHQ�HYLGHQW�
RYHU� WKH� SDVW� ��� \HDUV��7KH� VWRQH� VSULQJ� ER[� QRUPDOO\�
VXSSRUWHG�EHWZHHQ�RQH�DQG�WKUHH�DGXOW�IURJV��7KH�VPDOOHU��

Figure 1.�7ZR�W\SLFDO�SUH�H[LVWLQJ�VSULQJ�ER[HV�SODFHG�ZLWKLQ�D�VSULQJ�LQ�&RQWUD�&RVWD�&RXQW\��&DOLIRUQLD��86$��(DFK�VSULQJ�ER[�
VXSSRUWV�&DOLIRUQLD�UHG�OHJJHG�IURJ��Rana draytonii��DGXOWV��DQG�DOVR�VXSSRUWV�EUHHGLQJ�DFWLYLWLHV�DQG�ODUYDH��3LSHV�IURP�VSULQJ�
ER[HV�DOORZ�ZDWHU�WR�ÀRZ�GRZQ�KLOO�WR�D�FRQFUHWH�WURXJK�XVHG�WR�ZDWHU�FDWWOH�



GLYLGHG�VSULQJ�ER[�QRUPDOO\�VXSSRUWHG�EHWZHHQ�RQH�DQG�
WKUHH�DGXOW�R. draytonii��7KH�ODUJHVW�VSULQJ�ER[�VXSSRUWHG�
D� PHDQ� RI� HLJKW� IURJV� RI� YDU\LQJ� VL]HV�� IURP� UHFHQWO\�
PHWDPRUSKRVHG�WR�ODUJH�DGXOWV�
2XU� ORQJ�WHUP� REVHUYDWLRQV� RI� RFFXSLHG� VSULQJ� ER[HV�
LQGLFDWH�WKH�LPSRUWDQFH�RI�WKHVH�DQWKURSRJHQLF�VWUXFWXUHV�
IRU�R. draytonii��8VLQJ�UDGLRWHOHPHWU\�LQ�FRDVWDO�KDELWDW��
%XOJHU� HW� DO�� ������� DQG� .OHHPDQ� DQG� )HOOHUV� �������
FRQFOXGHG� WKDW�R. draytonii�PRYH� WKURXJK�XSODQG�DUHDV�
ZLWKRXW�UHJDUG�WR�ULSDULDQ�FRUULGRUV�RU�WRSRJUDSK\��,QODQG��
7DWDULDQ��������UHSRUWHG�WKDW�R. draytonii�PRYH�UHJXODUO\�
EHWZHHQ�DTXDWLF�DQG�WHUUHVWULDO�VLWHV��VXJJHVWLQJ�D�IUHTXHQW�
WUDQV�ODQGVFDSH�PRYHPHQW�SDWWHUQ��7KHVH�VWXGLHV��DORQJ�
ZLWK� WKH� REVHUYDWLRQV� RI� 6XUEHU� �������� FOHDUO\� VKRZ�
WKDW�WKLV�VSHFLHV�PRYHV�IUHTXHQWO\�WKURXJK�XSODQG�DUHDV��
XQLPSHGHG�E\�WRSRJUDSK\��,W�LV�WKLV�DELOLW\�WR�IUHHO\�PRYH�
WKURXJK�XSODQGV�WKDW�DOORZV�WKLV�VSHFLHV�WR�FRORQL]H�QRYHO�
VLWHV�� D�EHKDYLRXU�FULWLFDO� WR� VSHFLHV� UHFRYHU\��$OWKRXJK�
RFFDVLRQDOO\� XVHG� IRU� EUHHGLQJ�� VSULQJ� ER[HV� DSSHDU� WR�
UHSUHVHQW� QRQ�EUHHGLQJ� KDELWDW� WR� ZKLFK� R. draytonii 
WUDYHOOHG� IDFXOWDWLYHO\�� 7KHVH� VSULQJ� ER[HV� SURYLGH� DOO�
RI� WKH� FKDUDFWHULVWLFV� WKDW� )HOOHUV� DQG� .OHHPDQ� �������
VXJJHVW� ZHUH� UHTXLUHG� RI� QRQ�EUHHGLQJ� KDELWDW� IRU� WKH�
VSHFLHV��ZKLFK�LV�HVVHQWLDO�WR�WKH�VXUYLYDO�RI�WKHVH�IURJV��
+RZHYHU�� IXUWKHU� VWXG\� LQWR� KRZ� WKHVH� UHPRWH� VSULQJ�
boxes support R. draytonii� LV�ZDUUDQWHG� WR�GHWHUPLQH� LI�
WKHVH�IURJV�GHULYH�¿WQHVV�EHQH¿WV�IURP�XVLQJ�VSULQJ�ER[HV�
RU�ZKHWKHU�WKH\�VLPSO\�VHHN�VKRUW�WHUP�UHIXJH��

$�FXUUHQW�VWXG\�EHLQJ�FRQGXFWHG� LQ�6RQRPD�&RXQW\�
�:LOFR[� HW� DO��� XQSXEO�� GDWD�� VXJJHVWV� WKDW� VRPH� R. 
draytonii� LQGLYLGXDOV� WDNH� XS� UHVLGHQFH� DW� VSULQJV� IRU�
extended time periods. These data suggest that using 
VXEGHUPDO� SDVVLYH� LQWHJUDWLYH� WUDQVSRQGHUV� WR� PDUN�
LQGLYLGXDOV� KDV� IDFLOLWDWHG� IROORZLQJ� WKH� ORQJ�WHUP�
PRYHPHQWV�RI�IURJV�DV�WKH\�WUDYHO�EHWZHHQ�JHRJUDSKLF�
IHDWXUHV�LQ�WKH�ODQGVFDSH��H�J���%ORPTXLVW�HW�DO����������
)UHTXHQW�YLVLWV�WR�VSULQJ�ER[HV�UHYHDOHG�WKDW�VRPH�IURJV�
PDNH�EULHI�VWRSV�DW� UHPRWH�VSULQJ�ER[HV��ZKLOH�RWKHUV�
PD\�UHVLGH�DW�VSULQJ�ER[HV�IRU�PRQWKV��)XUWKHU�VWXGLHV�
VKRXOG�LQYHVWLJDWH�ZKHWKHU�R. draytonii�SRSXODWLRQV�UHO\�
RQ�VSULQJ�ER[HV�IRU�IRUDJLQJ��DV�WHPSRUDU\�UHIXJLD�GXULQJ�
GLVSHUVDO�DQG�VHDVRQDO�PRYHPHQW��RU�DV�SHUPDQHQW�QRQ�
EUHHGLQJ�KDELWDW�ZKHUH�UHVRXUFHV�SURYLGH�RSSRUWXQLWLHV�
IRU� SURYLVLRQLQJ� HJJ�PDVVHV� DZD\� IURP� WKH� SRWHQWLDO�
SUHGDWRUV� WKDW�PRUH� UHJXODUO\� SDWURO� EUHHGLQJ� KDELWDWV�
VXFK�DV�SRQGV�DQG�VWUHDPV��2UURFN�HW�DO����������
:H�FRQWHQG�WKDW�WKH�XVH�RI�UHPRWHO\�ORFDWHG�VSULQJ�ER[HV�
LV�QRW�WKH�UHVXOW�RI�VHUHQGLSLWRXV�HQFRXQWHUV�E\�GLVSHUVLQJ�
IURJV�� EXW� UDWKHU� D� GHVWLQDWLRQ� IDFXOWDWLYHO\� VRXJKW� IRU�
XQNQRZQ�EHQH¿WV��7KLV�LQIUDVWUXFWXUDO�DUWLIDFW�DVVRFLDWHG�
ZLWK� FDWWOH� JUD]LQJ� VKRXOG� EH� FRQVLGHUHG� D� YDOXDEOH�
PLFUR�KDELWDW�IRU�R. draytonii��ZKLFK�KDV�SRSXODWLRQV�LQ�
GHFOLQH�WKURXJKRXW�LWV�UDQJH��DQG�VKRXOG�EH�PDLQWDLQHG�WR�
SURYLGH�DFFHVV�IRU�R. draytonii and other species. Spring 
ER[HV� VKRXOG� EH� SURSHUO\� PDLQWDLQHG� RU� UHEXLOW� ZKHUH�
ZDUUDQWHG��DQG�ELRORJLFDO�PRQLWRULQJ�VKRXOG�EH�D�SDUW�RI�

8VH�RI�6SULQJ�%R[HV�E\�Rana draytonii ���

Figure 2.�$�&DOLIRUQLD�UHG�OHJJHG�IURJ��Rana draytonii��EDVNV�DJDLQVW�D�UHGZRRG��Sequoia sempervirens��ERDUG��WKH�ZDOO�RI�D�
UHPRWH�VSULQJ�ER[�LQ�6RQRPD�&RXQW\��&DOLIRUQLD��86$�



those maintenance activities in order to determine further 
use, as well as to reduce or eliminate injury or mortality 
to this declining species. We feel that well-maintained 
spring boxes may provide suitable refuge habitat for 
this declining species, and others, when this frog makes 
overland movements throughout the year, allowing it to 
successfully disperse or colonize new unoccupied habitat.
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