1.0	INTRODUCTION



A survey completed in 1996 found the largest known population of Ospreys (Pandion haliaetus) in B.C. nesting on emergent snags in the Nechako Reservoir.  This habitat is at risk both in the short term, because salvage operations are already under way to harvest these snags in some areas, and in the long term, because all the snags are decaying at the water line and thus have a limited life expectancy.



A species-habitat model developed for Ospreys in the Nechako Reservoir (Lloyd, 1998) identified nesting and foraging habitat as the two key components of breeding habitat.  Both of these habitats must be identified and incorporated into the management plan for the Reservoir if any significant part of the present Osprey population is to be maintained.  



While suitable nesting habitat for these birds has been identified, there is no information on preferred forage and foraging habitats in the Reservoir.  This project is intended to provide such information, use it to identify areas of potential conflict and to suggest various alternatives and mitigation methods which might be practicable in different areas.





2.0	OBJECTIVES



To determine the location of preferred foraging sites, over time, in areas of high or moderately high nest density.



To determine distances between nesting and foraging areas.



To determine the species and size of prey fish, consumed at the foraging area or brought back to the nest, during various phases of the breeding season. 



If field time permits, to monitor selected Osprey nests for breeding attempts/successes.





3.0	STUDY AREA



This study concentrates on two areas within the Nechako Reservoir where Ospreys nest at high densities (>30 nests per 10 km of lakeshore), such areas being considered to reflect high-quality Osprey habitat.  These areas  are shown in Figures 1 and 2.  Both areas fall within the Sub-Boreal Spruce biogeoclimatic zone, dry cool (dk) subzone.



The Wells Creek site (Figure 1) is located on the south shore of Ootsa Lake, which includes the widest and deepest parts of the Reservoir.  The main body of the lake is subject to considerable wind and wave action from the prevailing westerly winds, some of which is apparent in the bay which formed the study area.  Much of this area contains dense, fairly small snags lining the shore and offshore islands, some of which were being harvested during the course of the study.  The north shore is about 6 km away, and generally lacks emergent snags, either because the area was not forested prior to inundation or because the snags have already been removed for safety, aesthetic or recreational reasons.



The Woodpecker Hill site (Figure 2) is located on the shore of Intata Reach.  This area is shallower and narrower than Ootsa Lake and not subject to the same degree of wind and wave action.  Most of the south shore is lined with emergent snags.  The north shore is about 1 km away and generally lacks emergent snags except in certain areas, because most of it was not forested prior to inundation.

�Figure 1  Location of Wells Creek study area
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�Figure 2   Location of Woodpecker Hill study area
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4.0	METHODS



Two observation posts were established in each of the two study areas.  Each post was located to enable an observer to maintain watch on one or two active Osprey nests, along with as much of the surrounding lake and lake shore as possible.  Observation posts on small islands were preferred as this increased the visibility of the surrounding area.



Each observation post was manned for one day during each of four major phases of breeding:

during incubation, when breeding is established and all foraging is done by the male;

shortly after the eggs hatch, when one or both parents are feeding young chicks;

shortly before the young fledge, when one or both parents are feeding older chicks; and

shortly after the young birds fledge, while they are (supposedly) learning to hunt for themselves.



One observer was present at the observation post constantly during daylight hours.  This person kept watch on the adult birds and noted when one bird (usually the male) departed on foraging flights.  Foraging area was recorded if this could be determined, otherwise the location of the bird when it was lost to view and the direction of travel were noted.  The second observer, who was in constant radio contact with the first,  took up a position where he could most easily assist in locating or maintaining observations on the foraging bird.  When the bird returned, the observers would record the foraging area (if known) or direction of travel, and whether the bird carried a fish.  If so, species and size of fish were noted.  The size of each fish was estimated to the nearest 5 cm as a proportion of the Osprey’s tail length, which is about 20 cm.



Every fifteen minutes between dawn and dusk, the following observations were taken:

Location and activity of both adult birds (if known)

Wind speed (according to the Beaufort scale) and direction

Weather

Once young birds had fledged, location and activity of the juvenile(s) was also included.



In addition, the observer at the observation post took notes on any activity of interest, including foraging or other behaviour of either bird, foraging behaviour of unidentified Ospreys, inter- and intraspecific conflicts, and incidental sightings of cavity-nesting ducks and other species.



Nest occupancy, number of chicks hatched and number of young fledged were recorded as part of the nest observations.  To expand the sample size, we also recorded nest occupancy and counted chicks fledged or nearly so at six additional nearby nests.  This provides a measure of reproductive success for the monitored nests as fledged young per active nest (Postupalsky, 1977; Poole, 1989).















5.0	RESULTS AND DISCUSSION



We maintained observations on nine breeding pairs of Ospreys (identified as A-I) from four stations over four major phases of the breeding season.  Study dates were:

May 22-28, 1998  (courtship and incubation);

July 10-16, 1998  (parents feeding young chicks);

August 14-20, 1998  (just before fledging); and

August 28-September3, 1998  (just after fledging).

Note that these dates reflect a relatively late breeding chronology for Ospreys, compared with dates for the rest of the Province.



At the third station, we attempted to watch three pairs of birds simultaneously and data from the most distant pair (pair G) were difficult to obtain.  At the fourth station, we watched two pairs simultaneously.  One pair (pair I) had nested close to a forested hillside and the birds were extremely difficult to locate against the trees.  Data from these two pairs, although sometimes incomplete, are included in the following summaries unless stated otherwise.



A transcript of field observations, including some incidental sightings, is given in Appendix A.  The location of the nine study nests is shown in Appendix B.





5.1	Foraging locations



To simplify comparison between pairs, we classified foraging areas according to their distance from the pair’s nest (Table 1).



Table 1   Definitions of foraging site locations



Designation�Distance from nest��Nest site�< 200m��Local�0.2 – 1 km��Intermediate�1 – 2 km��Distant�over 2 km��Unknown�not determined��



The location of known or suspected foraging areas used by each Osprey is shown in Appendix B.  These data are summarized in Table 2 and shown in Figure 3, classified according to distance from the nest site.  Only prey fish brought to the nest are included, as it was rarely possible to assess prey fish caught and eaten by the adult (usually the male) Osprey whilst away from the nest on foraging trips.



About a third of the total number of fish delivered to the nest were caught within 200 m of the nest, and about half were caught within 1 km.  However, there were considerable differences in these proportions between individual birds.











Figure 3   Proportion of fish caught at foraging locations at various distances from the nest site
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Table 2	  Number of fish caught at foraging locations at various distances from the nest site
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Pair�Foraging location (no. fish caught)�Total no. fish caught�Total no. fishing hours���Nest

(<200 m)�Local

(0.2-1 km)�Intermed.

(1-2 km)�Distant

(>2 km)�Unknown����A�2�7�0�0�1�10�54��B�2�2�4�0�4�12�54��C�2�0�1�6�0�9�46��D�12�9�1�6�2�30�48��E�12�6�4�8�7�37�97��F�6�1�3�2�7�19�96��G�8�0�2�0�8�18�98��H�1�0�0�4�5�10�52��I�1�0�0�5�1�7�49��Total�46�25�15�31�35�152�594��







Each of the nine males obtained at least part of his catch from the area immediately surrounding the nest.  The comparative importance of this area varied widely between individuals, the proportion ranging from 10% (male H) to 44% (male G).  Males also showed strong individual preferences in the selection of alternative foraging areas – for instance, male A obtained 70% of his catch from a small, sheltered bay about 1 km north of his nest, whereas the neighbouring male B was never observed in this area.  Male C caught most of his fish in one location several kilometres from the nest, most likely in a group of small lakes not directly connected to the Reservoir at all, whereas the neighbouring male D had several preferred locations, nearly all within 2 km of the nest.
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Appendix B details the time spent by each male in each foraging location.  This is summarized in Figure 4.  It should be noted that the bird was not necessarily actively fishing during this time – in fact, it was generally not obvious whether a perched bird was fishing or just loafing, and we considered it likely that there was no clear distinction between the two.





Figure 4   Time spent by male Ospreys at foraging locations at various distances from the nest 



In general, male Ospreys spent more time in areas close to the nest than is reflected in the number of fish caught, and comparatively less time in areas >2 km from the nest.  This indicates that while activities close to the nest include loafing, nest repair and territorial defense, activities in areas far from the nest are more likely to be limited to fishing.  In particular, the distant areas selected by some males (notably males H and I) provide a large proportion of fish caught in a comparatively small proportion of time, suggesting that these two birds have located foraging areas that are productive enough to warrant a round trip of several kilometres on a regular basis.



As well as having individual preferences as to foraging areas, male Ospreys also showed varying strategies for obtaining fish.  Most birds remained around their own nest site during the early part of the day, spending at least part of this time fishing.  If this was unsuccessful (or, in some cases, apparently whether it was successful or not) they would try another location.  Two of the nine males had a single preferred location where they spent most of the remainder of their time.  In one case (male A) this was quite close to the nest; in the other (male C) it was probably about 10 km away.  In both cases, it seems unlikely that it was a particularly good foraging location, as both birds were often away for several hours (occasionally overnight) before returning with a fish.  Males H and I also had only one or two preferred locations away from the nest site but were never absent for more than an hour, suggesting that their foraging areas were much better.



The remaining five males showed no particular fidelity to a specific foraging area.  Males B and F favoured two or three general areas (side of an island or stretch of lakeshore) whereas males D and E had several favourite areas, sometimes including particular favourite perches.  They often visited three or four locations in a single day, apparently depending on where fish were available.



We have insufficient data to determine whether one foraging strategy is superior to another.  All of our birds fledged at least one chick; three pairs (C,D and E) fledged two.  Males D and E favoured the “opportunistic” foraging strategy, but male C was exceptionally faithful to one area, even though it apparently was not especially productive.  However, it seems likely that the “opportunistic” approach would be greatly superior where timber salvage takes place in foraging areas – because the birds would not only have the advantage of several possible foraging locations, not all of which would be impacted at once, but would also be accustomed to looking for fish in different places.  It seems likely that male Ospreys learn the location of their preferred foraging areas (possibly during the “housekeeping” stage of courtship, before young birds start to breed?) but no information was found concerning how well they retain the adaptability to keep on learning as they mature.  Hagan (1986) studied a colony of Ospreys in North Carolina, where breeding males commuted about 14 km to one of three preferred foraging locations.  Individual males generally remained faithful to one site, and at least two males remained faithful to their preferred location for at least two years.  We do not know whether a preference for specific foraging areas is retained from year to year in the Nechako Reservoir, or whether preferences vary over time.  Further study is required to investigate this.



In general, most female Ospreys remained at or near the nest site until after the chicks had fledged, depending on the male to provide food for them and their offspring.  Six of the nine female Ospreys were never observed foraging.  Two did so occasionally (females D and E) but only close by the nest site.  Only one (female G) spent time foraging away from the nest – this pair had nested within 200 m of a Bald Eagle nest and often left their own nest to harass the eagles.  After the young eagle fledged and its nest was no longer occupied, the female Osprey was absent from her nest almost as often as the male.  



The number of fish caught by male, female and juvenile Ospreys is shown in Appendix D.



5.1.1	Factors affecting selection of foraging areas



Individual Ospreys showed considerable variation in selection of foraging areas.  However, some factors appeared to be common to most (not all) birds.  



All nine male Ospreys were more likely to remain close to the nest site early in the breeding season, although the degree to which this was true varied widely between individuals (Table 3).  

�

� Several authors have documented similar findings (e.g. Steidl et al., 1991; Stinson, 1978; Green, 1976).  There was no clear change in selection of specific foraging sites over time, although most birds were more likely to select foraging areas comparatively close to the nest early in the season and select distant foraging areas (<2 km from the nest) when chicks were older or already fledged (Figure 5).  Time spent by individual birds in their preferred foraging areas is shown along with location maps in Appendix B.



Table 3  Proportion of time spent at the nest site vs. away foraging (daylight hours)



�May�July�August�Aug/Sept��Male�nest�absent�nest�absent�nest�absent�nest�absent��A�44%�56%�24%�76%�2%�98%�12%�88%��B�55%�45%�30%�70%�38%�62%�47%�53%��C�50%�50%�28%�72%�20%�80%�19%�81%��D�57%�43%�50%�50%�52%�48%�56%�44%��E�79%�21%�53%�47%�36%�64%�50%�50%��F�87%�13%�62%�38%�20%�80%�54%�46%��G�68%�32%�44%�56%�19%�81%�47%�53%��H�71%�29%�100%�0%�76%�24%�65%�35%��I�65%�35%�60%�40%�33%�67%�68%�32%��

Several authors have reported increasing foraging difficulty with increasing wind, either as declining dive success or as increasing time required to bring fish back to the nest (e.g. Machmer and Ydenberg, 1990; Stinson, 1978; Ueoka and Koplin, 1973).  I expected the birds to select sheltered foraging areas when wind increased, but no such trend was detectable.  Birds which liked to forage in sheltered bays and inlets did so regardless of wind conditions, whereas those which often foraged in more exposed areas continued to do so.  Four of the nine males were more likely to be around the nest site when wind conditions were calm (c2 test for independence, P<0.001), but this may simply reflect foraging near the nest in the early morning.



Wind speeds during this study varied from 0-7 on the Beaufort scale (0-16 m/s) at the comparatively exposed Wells Creek site (pairs A-D) and from 0-4 (0-7 m/s) at the relatively sheltered Woodpecker Hill site (pairs E-I).  The latter area may never have been windy enough to seriously interfere with foraging -- Machmer and Ydenberg (1990) found that detrimental effects of weather increased sharply at wind speeds above 6.2 m/s – but Wells Creek certainly should have been affected.  However, the much greater emphasis placed on perch hunting over flight hunting in the Nechako Reservoir (see below) may have compensated for the increased difficulty of flying in stronger winds.



We found no evidence to suggest that Ospreys were selecting stream mouths or shallow (<5 m) water as foraging areas, although prey fish seem likely to be more abundant and/or accessible in such locations.  Where exact foraging locations were known, they were more often on the outer edge of snags, in water 5-15 m deep, about 100-300 m from shore, depending on the breadth of the area occupied by snags.  This may be due in part to the ecology of prey fish (section 5.3) but is probably mainly due to the availability of suitable hunting perches (section 5.1.2).











5.1.2	Use of emergent snags by foraging Ospreys



We were able to observe Ospreys diving for fish around the nest site, at most “local” foraging sites and occasionally at “intermediate” and “distant” sites.  Most of the latter sites were too far away for us to keep the bird in view.



All fish caught around the nests of all nine pairs (31% of the total fish delivered to the nest) were captured by diving from a perch.  At local foraging sites, 3 fish were captured by flight hunting (2% of the total), compared with 21 fish (14% of the total) captured from a perch.  We have no way of determining the method used at other sites, although in view of the hunts that we did observe, it seems likely that foraging birds would make use of emergent snags wherever they were available.



This means that the studied birds used emergent snags to capture 94% of the fish caught within 1 km of the nest, and at least 45% of the total number of fish delivered to the nest.  The latter proportion could have been much higher.  This compares with 26% of total fish captures on the west arm of Kootenay Lake and 0% at Creston Valley, in the southern interior of B.C. (Steeger et al., 1992).  Comparative energy budgets are beyond the scope of this project; however, it is clear that the presence of emergent snags in and around foraging areas greatly reduces the energy expenditure required for an adult Osprey to provide for its offspring and may define where some favoured foraging areas are located.





5.1.3	Use of emergent snags by juvenile Ospreys



We observed each of our juvenile birds for one day between August 28th and September 3rd, 1998.  Fledging occurred between August 19th and September 1st, except for one late bird (juvenile G) which did not fledge until September 8th.  Although it was not possible to determine exact fledging dates for most birds, all except juvenile G had been fledged for between 1 and 13 days at the time of observation.  During a late visit to nests A-D, on September 16th and 17th, all adults and juveniles had departed except for male C and juvenile C2.  The male was still feeding this juvenile, who was apparently still unable to forage for herself.



Most fledged juveniles divided their time between their nest and a nearby perch, with occasional forays within a short distance (usually <1 km) of the nest (Figure  6).  Older siblings generally spent less time on the nest than younger siblings, and this may be true of older juveniles in general.  The perches selected were almost always in emergent snags (occasionally on a shoreline tree), whether or not the bird was attempting to forage for itself.



Of the 11 fledged juveniles, 5 made no attempts to forage independently during the study.  Two of these were probably newly fledged (they had difficulty flying) but one (juvenile H) was the oldest juvenile, known to have fledged 13 days previously.  Three juveniles, including the younger siblings from nests D and E, swooped close to the water in flight, dipping their feet in the water as if to snatch a fish from the surface.  This appeared to be the first stage in learning to dive.  Two birds (the younger D sibling and older E sibling) attempted genuine dives from flight although, in the case of the D sibling, there was a great deal of enthusiasm and minimal likelihood of catching any fish.  Two birds (the older D and E siblings) dived from a perch and, in one instance (the older D sibling) successfully caught a fish.  All these activities occurred within 1 km of the natal nest site.





Figure 6   Location of juveniles after fledging (% time spent)
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It may be erroneous to attempt to sequence these activities chronologically, since we were not usually able to determine the exact age of the fledged juveniles, and because there is clearly variation between individual juveniles.  Nevertheless, it was possible to detect differences in behaviour between older (larger) and younger siblings, and it seems probable that the older sibling of the two displayed the more sophisticated behaviour.  Thus it seems likely that young birds in the Nechako Reservoir first learn to dive from flight but soon progress to diving from a perch.  The only successful dive we observed was from a perch, and it may be that young birds quickly abandon the comparatively difficult and unrewarding task of flight hunting in favour of perch fishing.  Further research is required to confirm this.





5.2	Species and size of prey fish



The species and size (to the nearest 5 cm) of each prey fish delivered to the nest, along with the location of its capture, is shown in Appendix C and summarized in Table 4.



Table 4   Size and species of prey fish delivered to the nest



Size

(cm)�Rainbow Trout�Northern Squawfish�sucker (spp.)�unident.��10�4�7�0�6��15�11�21�2�19��20�14�17�0�7��25�11�12�0�3��30�4�1�1�0��unknown�0�0�0�12��TOTAL�44�58�3�47��



On average, Ospreys delivered between 1.7 and 4.3 (range 0 - 12) fish per day, 10-30 cm long (Figure 7).   As reported by Poole (1989), fish delivery is lowest during incubation (May), when energy requirements are low, and highest when chicks are older (August).



Nearly all the identifiable fish delivered to the nest were either rainbow trout (Onchorhynchus mykiss) or northern squawfish (Ptychocheilos oregonensis), mainly 15-25 cm long.  A small number of suckers (Catastomus spp.) were also caught, all in the earliest part of the breeding season.  Unidentified fish were probably also rainbow trout or squawfish.  Difficulties in identifying fish were often encountered when the returning Osprey approached the nest from the far side and deposited the fish in the bottom of the nest, where it was torn into small pieces by the female or juvenile bird.  Under these circumstances, the observer rarely had more than a glimpse of a recognizable fish.



Figure 7   Average number of fish delivered to the nest per day
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Hatfield Consultants (1998) found that floating gill nets caught mostly rainbow trout and northern squawfish in inner and outer stream bays in late June/early July and also in late August/early September.  This suggests that the Ospreys are capturing primarily the two species most easily available to them.  Other species, mainly suckers and mountain whitefish (Prosopium williamsoni), were caught in sinking gill nets, suggesting that these species, along with bottom feeders such as burbot, live at depths not accessible to Ospreys.  Neither size nor species of fish captured varied significantly with time of year (c2 test for independence, P>0.01).



Hatfield Consultants also reported greatly increased gillnet catches from both inner and outer stream bays at night, which suggests that fish may move into the stream mouths at dusk.  They may frequent more open locations during the day, although Winsby (pers. comm.) felt that rainbow trout probably moved downwards into deeper water during the day rather than outwards into the lake.  However, if they were not present or not accessible in stream mouths during daylight, this would explain why Ospreys (which do not forage at night) showed no particular preference for stream mouths in the Reservoir.  Swenson (1978) reported a similar situation in Yellowstone Lake, where Ospreys foraged mainly in offshore waters over 20 m deep, rather than in shallow shoreline waters.  Their primary prey, immature cutthroat trout averaging 28 cm long, preferred deeper water in order to avoid other predators.



Ospreys caught more rainbow trout than squawfish by flight fishing, whereas the reverse was true for perch fishing.  However, the size of fish caught (10-30 cm) did not vary significantly with method (c2 test for independence, P>0.01).

5.3	Inter- and intra-specific competition



All incidents which occurred either between Ospreys or between Ospreys and other species during this study are recorded in Appendix A.



5.3.1	Interspecific interactions



The number of incidents per day between Ospreys and other species is shown in Table 5.  Detailed information is given in Appendix A.



The two primary species provoking a hostile reaction from Ospreys were Bald Eagles and Canada Geese.  64 of the 98 recorded incidents involved eagles; 14 involved geese (all during May, after which the geese were not present).  Other recorded incidents involved American Crow (12 incidents), Common Raven (4 incidents), Common Loon (3 incidents) and a juvenile Northern Goshawk (1 incident).





Table 5   Number of incidents per day between Ospreys and other species



Pair�Canada Goose�Bald Eagle�American Crow�Other���May�Jul�Aug�A/S�May�Jul�Aug�A/S�May�Jul�Aug�A/S�May�Jul�Aug�A/S��A�1�-�-�-�-�1�-�-�-�-�-�-�-�-�-�-��B�3�-�-�-�-�2�-�-�-�-�-�-�-�-�-�-��C�1�-�-�-�2�-�-�-�-�-�-�-�-�-�-�-��D�-�-�-�-�-�-�1�-�-�-�-�-�-�-�-�-��E�1.4�-�-�-�0.7�0.5�1.5�-�1.4�-�0.5�-�1.4�1�-�-��F�1.4�-�-�-�0.7�2�10�-�-�-�1�0.6�-�-�-�-��G�0.7�-�-�-�1.4�0.5�9.5�-�-�-�-�-�-�-�-�-��H�3�-�-�-�-�5*�-�-�-�-�1�4�3�-�-�-��I�1�-�-�-�-�1*�-�-�1�-�-�-�-�-�1�-��Total�12.5�0�0�0�4.8�12�22�0�2.4�0�2.5�4.6�4.4�1�1�0��Total�12.5�38.8�9.5�6.4��

*  Two Bald Eagles spent one entire day perched near H and I nests.  The number of incidents (Ospreys mobbing eagles) was relatively low, but the adult Ospreys spent the entire day perched watching the eagles – they neither left the nest site nor attempted to fish all day.



Canada Geese



Canada Geese compete with Ospreys by occupying their nests before the Ospreys return in the spring.  If the Ospreys have no alternate nest, they are forced to delay breeding until they either build a new nest (Steeger and Ydenberg, 1993) or evict the geese.  At least two of the studied pairs (A and B) had evicted geese from their nests prior to commencement of the study (Gerow, pers. comm.).  Three further nests (C, G and I) were probably built as a result of geese occupying the owners’ original nests, as the new nests were not present at the end of the winter, and all were close to nests occupied by geese.



Steeger and Ydenberg (1993) showed that Ospreys which were forced to build new nests were at a reproductive disadvantage compared to pairs which were unaffected by geese or which already had alternate nests, and that this was due to the induced delay in breeding.  In addition, Poole (1989) showed that the offspring of late breeders were three times less likely to recruit to the breeding population.  Although our sample size is small, it is of note that only one of the five pairs affected by geese fledged two chicks, whereas two of the four unaffected pairs fledged two.



Bald Eagles



Eagles are widely known as potential predators on Ospreys (Poole, 1989; Campbell et al., 1990), primarily on unguarded eggs or chicks.  Although no incidents of actual or attempted predation were observed, Ospreys nearly always left the nest site to mob passing eagles, with the apparent intention of driving the eagle away, even though this sometimes left the nest unguarded.  The degree of aggression exhibited towards eagles was far greater than that displayed towards conspecifics, suggesting that Ospreys perceive eagles as much more of a threat.



Our Ospreys were affected by two pairs of Bald Eagles.  One pair nested about 2 km north of Wells Creek and were mobbed sequentially by numerous Ospreys, four or five at a time, whenever they flew over the nests in the bay.  The second pair nested on the east tip of Woodpecker Island, about 200 m from nest G. This pair caused considerable disruption, especially to Osprey pairs G and F who frequently left the nest to pursue and attack the eagles.  This was especially common in July and  August after the young eagle fledged.  Neighbouring pairs H and I were disrupted when the eagles perched at a creek mouth close to their nests – male H attacked the eagles on several occasions, and none of the adult Ospreys either left the nest site or attempted to fish locally as long as the eagles were present.



The overall result of nesting close to Bald Eagles is not clear as there were probably several confounding factors.  Pairs F and G, who nested closest to the eagles and were involved in the greatest number of aggressive incidents, each fledged one late chick (on September 1st and 8th, respectively).  However, these pairs were disadvantaged because they began breeding late (they were still mating on May 26th and 27th) and pair G, at least, had been delayed by Canada Geese.



5.3.2	Intra-specific interactions



Table 6 shows the number of incidents occurring between conspecifics.  Only incidents which actually provoked a physical reaction are included – Ospreys often called out a warning to passing conspecifics, but this is not recorded here unless some action was taken.



Table 6   Number of incidents per day between conspecifics



�May�July�August�Aug/Sep��Pair�adult�adult�adult�juv�adult�juv��A�2�0�2��1�4��B�2�0�1��0�2��C�0�1�1��0�0��D�0�3�0��0�0��E�2.8�2�1��0�4.2��F�1.4�0.5�1��0.6�0��G�0.7�0�0��0�0��H�0�1�1��0�1��I�0�1�0�2�0�0��Total�8.9�8.5�7�2�1.6�11.2��

Generally, Ospreys were not quarrelsome between themselves.  All of the recorded incidents were territorial, and generally involved the resident bird (male or female) escorting the intruder away from the vicinity of the nest site.  The degree of hostility displayed was far less than that displayed towards Bald Eagles or Canada Geese.  Three moderately aggressive incidents were recorded.  Two involved an unidentified adult Osprey successfully fishing within 100 m of an occupied nest – in both cases, this appeared to be an opportunistic dive by a passing bird, but provoked hot pursuit by the resident adult.  The third incident involved an unusually strenuous pursuit of a passing Osprey by both male and female H, possibly because their chick had fledged a few hours previously so they may have been “on edge”.



Incidents among juvenile Ospreys were more numerous and less aggressive than those among adults.  Recently fledged birds appeared to have little awareness of territorial boundaries, and several incidents were recorded of juveniles “visiting” neighbouring nests.  The resident bird, if present, usually chased them away.



Territorial disputes between adult Ospreys involved the areas within about 100 m of the nest.  This area was defended (vocally or physically) from intruders, although it was noticeable that most birds apparently recognized their neighbours and were more tolerant of them than of strangers.  Where two pairs nested close together (within about 200 m), they generally avoided perching or fishing in the area between the two nests.  No incidents were recorded between Ospreys fishing in the same location, although several birds would sometimes fish (either perch-hunting or flight-hunting) within a few hundred metres of each other if there was no nest nearby.





5.4	Reproductive success



Nest occupancy and number of chicks fledged for fifteen Osprey pairs are shown in Table 7.  The location of  these nests is shown in Appendix B.



Table 7   Reproductive success of fifteen Osprey pairs in the Nechako Reservoir



Nest�Breeding attempted?�No. of chicks fledged��A�Yes�1��B�Yes�1��45a�Yes�1��48a�Yes�1��C�Yes�2��D�Yes�2��34�Yes�1��35�Yes�1��39�Yes�1��E�Yes�2��F�Yes�1��G�Yes�1��104�Yes�2��H�Yes�1��I�Yes�1��Total�15�19��

Breeding was successful in all fifteen nests.  Most pairs fledged one chick; the overall reproductive rate (expressed as number of young fledged per active nest) was 1.27.  This compares favourably with published figures of 0.8 – 1.15 young per active nest required to maintain a stable population (Spitzer, 1980; Poole, 1989).



It should be noted that these figures (for young per active nest required to maintain the population) are derived from survival to breeding age, mean age at first breeding, and annual survival rate after first breeding for some populations in the U.S.  None of these figures are available for the Nechako Reservoir, so there can be no assessment of how applicable the published figures are.  Nevertheless, it seems likely that, at present, nest site availability is not limiting (because new nests are being built in new locations every year) and foraging locations are not limiting (because we saw no evidence of Ospreys defending foraging locations), therefore Ospreys can probably begin breeding at a comparatively young age.  However, breeding chronology is later at the Nechako Reservoir than at other locations in B.C. (Steeger et al., 1992; Campbell et al., 1990), and much later than at most locations in the U.S., so juvenile Ospreys probably have a comparatively short time in which to learn to hunt before they and their parents must leave.  This would decrease young birds’ chances of survival to breeding age, especially for those that fledge late.  Further research is required to investigate this.





6.0	IMPLICATIONS FOR SNAG MANAGEMENT 



Ospreys in the Reservoir use emergent snags for:

Nesting -- providing a safe nest site secure from terrestrial predators

Perch hunting -- expends much less energy and time spent away from the nest than flight hunting

Loafing

Perch sites in between bouts of flight hunting

Feeding sites -- male Ospreys and incubating females generally consumed prey at a perch; female Ospreys feeding young generally consumed prey at the nest.

Source of nesting material -- Ospreys of either sex frequently broke small branches off surrounding snags to add to the existing nest.  We have not observed nest construction from scratch; however, most of the nest appears to be made out of similar dead branches.

Territorial defense -- Male Ospreys defend the immediate area around their nest from a nearby perch tree.  Conspecifics are generally escorted off the premises; other species (notably Bald Eagles and Canada Geese) are mobbed and driven out of the area.  We observed several instances of the male Osprey apparently standing guard (from a snag at a safe distance) over a Bald Eagle which refused to be driven off.  This location allowed him to watch the nest as well as the eagle.



Snags which are used by Ospreys can be placed in one of three categories:

The nest tree – this is comparatively large in diameter, stable, broken-topped and is adjacent to, or has a clear flight path to, open water (Lloyd, 1997).  It should also have sufficient branches just below the top to support the nest and stop it from sliding off.  A few Ospreys built their nest on two or three small snags, close together and broken off at the same height, instead of one large one.



The surrounding perch trees – Ospreys defended the area within about 100 m of the nest tree.  They apparently used any of the snags within this area as perch trees, as long as the snag had lateral branches sturdy enough to support the bird’s weight.  Perch trees used for perch fishing were usually (but not always) among the tallest snags and were usually relatively isolated or on the edge of a clump.



Hunting perches – Ospreys nearly always fished from a perch whenever these were available in the foraging area selected.  Favoured perches were relatively isolated, or on the outside of a group of snags, or (in one case) adjacent to an open area within a group of snags.  Water depth around hunting perches was generally 5-15 m, although this probably reflects depths at which emergent snags are present rather than a preference for any specific depth by Ospreys.  Although dense patches of snags were rarely as uniformly dense as they appeared, Ospreys generally preferred to fish from the outside edge.  Hunting perches were generally at least 10 m above the water and were never less than 100 m from another Osprey’s nest.



This means that, for effective management of snags for Ospreys in the Nechako Reservoir, conservation efforts should be extended not only to the nest tree and its immediate environs, but also to groups of snags wherever Ospreys forage.  This could be almost anywhere along the coastline, although locations on the outside edge of snag clusters and more than 100 m from other occupied Osprey nests are preferred.  Failure to manage suitable areas will force the birds to adopt the far less efficient method of flight hunting for all foraging activities away from the nest site.  The increased energy expenditure entailed would be expected to result in a lowered reproductive success rate.



Snag management should be focussed in two areas:



1.	The nest tree and its environs – the simplest method is to protect existing nest trees and the surrounding area, as these have already been found suitable for nesting.  The surrounding area should include all snags within 100 m of the nest, as this is the area defended and most heavily used by the Ospreys.  However, since nest trees sometimes collapse over the winter (Lloyd, 1998) or are taken over by Canada Geese, forcing the original owners to construct a new nest, the availability of alternatives is clearly a necessity.  Alternatives could include:

other suitable snags within the managed area around the original nest

other suitable snags within managed areas elsewhere in the Reservoir

specially-constructed nest platforms, erected on or off shore.



Alternative (b) has considerable potential in that there are several areas of snags in the Reservoir which are not heavily used by Ospreys, probably because most of the snags are too small and/or too dense to serve as either nest trees or hunting perches.  These areas often have little or no commercial value at present.  However, the number of snags potentially useful as nest trees could be greatly increased by selectively topping the largest-diameter snags above a whorl of branches (to improve their suitability as nest trees) and, if necessary, providing access from these snags to open water.  Foraging opportunities could be increased by thinning dense snag patches (leaving the tallest snags standing) or creating open areas within them.  Such habitat enhancement for foraging should be concentrated within 1 km of potential nest sites, as about half of all fish delivered to the nest are caught within this area.  In addition, this is the area used by juvenile Ospreys learning to hunt.



Alternative (c) has the greatest long-term potential, as remaining snags in the Reservoir have a limited lifespan whether salvage takes place or not.  However, nest platform construction and erection also involves the greatest outlay of resources, so location, surroundings and durability are of increased importance.  It would also be important to protect nest platforms from takeover by Canada Geese, as this would often prevent their use by Ospreys.



Foraging areas – these might be located almost anywhere in the Reservoir, depending on the individual bird’s preference, but are most likely to be useful around the edges of snag groups along the lakeshore or around islands within 1 km of actual or potential nest sites.  Most Ospreys prefer to hunt from a perch where possible, and it is certainly more energetically efficient to do so.  However, the snags used as perches do not have to be especially large or commercially valuable as long as they have branches capable of supporting the weight of an Osprey, at least 10 m above the water.  It is suggested that groups of suitable snags be maintained at intervals along the lakeshore and around islands.  Isolated snags are also used as hunting perches, but may have a more limited lifespan due to wind and ice movement.  Groups of snags around existing Osprey nests are not suitable for general foraging as the resident birds will not permit other Ospreys to use them.





7.0	FURTHER INFORMATION REQUIREMENTS



1.	Monitoring

A sample of Osprey nests must be monitored annually for breeding success, a) to provide baseline data in areas of moderate and high density, and b) to detect any changes in breeding success in salvaged and managed areas (to see what effect these activities are likely to have on the population).  This is the single most important information requirements as, without it, no management strategy can be evaluated.



2.	Changes in foraging locations and habits:

Th success of a management plan for Ospreys in the Nechako Reservoir likely depends on their ability to take advantage of new opportunities provided.  Their ability to use new nesting opportunities would be quickly apparent from a nest monitoring program.  However, their fidelity to specific foraging locations has not been determined, nor has their ability to adapt their foraging locations and strategies to accommodate changing conditions.  A long-term study (5-10 years) using colour-banded birds is recommended to investigate a) how and whether foraging habits change from year to year; and b) how they react to changes in foraging areas over time.  This information should be combined with reproductive success data to assess how different salvage and/or management strategies may affect the Osprey population.



3.	Foraging habits of juvenile Ospreys

Information is lacking concerning the methods used and habitat features required for young Ospreys learning to hunt.  This may be the most limiting stage in determining overall reproductive success, as it seems that young Nechako Reservoir Ospreys  have a very short time  (probably only 2-4 weeks, depending on fledging date) before they are expected to be independent.  Thus, maintenance of required attributes may be a key factor in maintaining sufficient recruitment to the breeding population.



4.	Rate and results of nest occupancy by Canada Geese.  

Nest occupancy by Canada Geese appears to affect a considerable proportion of Nechako Reservoir Ospreys.  If this delays breeding to the point where reproductive success is impaired, or to where the juveniles do not have long enough to learn to hunt, then extra effort is required to exclude them.  This may be particularly important if nest snags are replaced by platforms, or the availability of alternate nest sites is otherwise limited – nest sites would need to be goose-proofed or to have someone maintain them in spring until the Ospreys arrive.





8.0	CONCLUSIONS



About half of all fish delivered to Osprey nests in the Nechako Reservoir during the breeding season are caught within 1 km of the nest site.  However, there is considerable variation between individual males, and this proportion can vary between 10% and 90%, depending on individual preference in foraging site selection.  Individual males may commute up to 10 km to favoured foraging locations, although most probably stay within 5-6 km.  Most female Ospreys spent little or no time foraging during this study.  We found no evidence to show that Ospreys changed their preferred foraging locations in response to wind or weather conditions, although foraging males were more likely to remain close to the nest early in the breeding season.



Perch hunting is preferred over flight hunting where suitable perches are available.  94% of all fish caught within 1 km of the nest were captured by diving from a perch, and the overall proportion was at least 45% and may have been considerably higher.  Favoured hunting perches are at least 10 m above the water and are most often located on the outside edge of snag clusters in water 5-15 m deep, at least 100 m from another Osprey’s nest.



Primary prey fish in the Nechako Reservoir are rainbow trout and northern squawfish, mainly 15-25 cm long.  These two species accounted for 97% of all identified fish delivered to the nest during this study.  Floating gill nets also captured mainly rainbow trout and northern squawfish, indicating that Ospreys are preying non-selectively on the species most easily accessible to them.



Based  on a relatively small sample of 15 nests, Ospreys in unsalvaged areas of the Nechako Reservoir fledged 1.27 chicks per active nest in 1998.  This is probably within the range required to maintain the population, although supporting data from the Reservoir are lacking.  Nest monitoring in managed  and unmanaged areas is essential in future years to assess population trends and to monitor the effectiveness of management activities.



Due to the high emphasis placed on perch fishing by Ospreys in the Reservoir, it is recommended that resource management plans incorporate conservation of hunting perches as well as nest trees in future management activities.  Hunting perches are most likely to be useful within 1 km of actual or potential nest sites, as this is where about half of all adult foraging takes place, and where juveniles learn foraging techniques.
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