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1. 
INTRODUCTION
During October and November 2005, we conducted aerial surveys over the Lower Kwando River Basin (LKRB) and the West Caprivi to determine elephant distribution and abundance.  This region offers the best potential for restoring elephant and other wildlife populations into the conservation areas of southeast Angola and southwest Zambia (Fig. 1).  The decades long civil war in Angola decimated wildlife populations throughout the country, including those in Luiana Partial Reserve (PR) in southeast Angola and across the border in Sioma Ngwezi National Park (NP) in southwest Zambia.  While there is a critical need to secure these parks and rebuild their infrastructures, there is also a critical need to conserve habitats along the Kwando River that facilitate transboundary movements by elephants and other wildlife. 

With the end of hostilities in the region, human settlements and agriculture are beginning to expand into Luiana PR and Sioma Ngwezi NP along the Kwando River (Chase and Griffin 2004), thereby seriously threatening the potential for natural dispersal of wildlife back into the region.  Thus, the conservation of these natural corridors, in combination with efforts to clear regions of southeast Angola of land mines and attempts to implement effective land use planning, will facilitate transboundary wildlife movements and promote the designation of a Transfrontier Conservation Areas (TFCA) in the region.  Over the last 5 years, conservation organizations in the region have been promoting the establishment of the Kavango Zambezi TFCA. This ambitious initiative may offer an effective strategy for conserving wildlife resources shared by Angola, Botswana, Namibia and Zambia.  Understanding the extent of elephant movements between these four countries is critical towards identifying corridors and prioritizing land use planning. 
Unlike the Caprivi where extensive aerial surveys were conducted in recent years (Chase and Griffin 2003, MET 2004), there were few aerial surveys of Luiana PR and Sioma Ngwezi NP until our surveys in January 2004 (Chase and Griffin 2005, Chase and Griffin 2005a) and May 2005 (Chase 2005).  Although Hall-Martin and Pienaar (1989) reported estimates of elephants and other wildlife from a very limited aerial survey along the Kwando and Luiana Rivers in 1989, a complete aerial survey of Luiana PR has never been conducted.  Further, no aerial surveys were available for Sioma Ngwezi NP since 1991 (Tembo 1995) except for limited observations by L. Patterson in the late 1990s (pers. comm.).  Thus, the purpose of this project was to provide resource managers with current information on the seasonal distribution and abundance of wildlife within the LKRB.  We sought to update our earlier aerial surveys to determine the extent to which elephants are dispersing back into southeast Angola and southwest Zambia and to identify critical conservation corridors in the region.  Our project also provided training to strengthen in-country elephant conservation efforts in Angola and Zambia.

2. 
STUDY AREA 
Our study area for this project included portions of the Lower Kwando River Basin and the West Caprivi, encompassing approximately 14,766 km2 in southeast Angola, southwest Zambia, and the Caprivi Strip of Namibia (Fig. 1).  It included a variety of protected and unprotected lands, including national parks, reserves, community conservancies, as well as human settlements.  The western extent of the study area was the western border of Luiana PR in southeast Angola, following the Angola/Namibia border westward to the Kavango River in Namibia (known as the Okavango River in Botswana), and moving south along the river through the Caprivi Strip to the Botswana border; however, the small Mahango NP on the west side of the river was also included on surveys.  The southern boundary extended along the Caprivi/Botswana border from the Kavango River eastward through the southern extent of the wetlands of the Kwando and Linyanti rivers in the Caprivi.  The eastern boundary extended north across the Caprivi Strip, encompassing Mamili and Mudumo NPs and six community conservancies in Namibia and Sioma Ngwezi NP in Zambia.  The northern extent of the study area was defined by the northern boundaries of Sioma Ngwezi NP and Luiana PR.

The region has a tropical savanna climate with three seasons: a hot dry season (August to October), a hot wet season (November to April), and a cool dry season (May to July). Annual rainfall averages 650mm concentrated from November to April.  The topography is flat with elevations ranging between 930-1,100m (Mendolsohn and Roberts 1997).  The soils are nutrient-poor aeolian soils, and there are extensive fossil dunes where dambos (shallow, seasonally-floated pans) frequently form in the dune troughs and ancient river valleys (Omarambas) that are dominated by grasslands.  Mopane-burkea (Colophospermum mopane, Burkea africana) woodlands, mixed shrublands, and Omuramba grasslands dominate the natural communities of the region.  The dune ridges support mature mixed woodlands dominated by Acacia.  The Kavango, Kwando, and Linyanti rivers provide perennial water, while the Luiana River is seasonal.  There are extensive, broad floodplains that flood seasonally along these rivers and smaller, permanent wetlands occur within these floodplains.

2.1
The Caprivi Strip

The Kwando River separates the East and West Caprivi.  Our survey area in the West Caprivi included the newly established Babwata NP along the west side of the Kwando River (992km2); however, this park is referred to as Susuwe in this report to be consistent with previous surveys.  Our survey area also included the West Caprivi Game Reserve (4,524km2), and the Buffalo NP (554km2) along the Kavango River (Fig.1).  We also included the small Mahango NP (244km2) on the west side of the Kavango River.  In the East Caprivi, our survey area included two small national parks along the east side of the Kwando River, Mudumo NP (706km2) and Mamili NP (400km2), and six community concession areas (Kwandu, Mayuni, Mashi, Balyerwa, Wuparo, Malengalenga).  The first three conservancies are north of Mudumo NP, while the last three occur between Mamili and Mudumo NPs.  Collectively, these two parks and six community concessions are referred to as MIKE2 in our survey results and in the 2004 MET survey.  We excluded a ~1,500km2 area in the central part of the East Caprivi based upon the occurrence of extensive human settlements and agriculture and the absence of elephants observed in this area on previous surveys (Chase and Griffin 2003, MET 2004).  

2.2
Luiana Partial Reserve 

The Luiana PR (8,400km2) is situated in the Kuando-Kubango Province in southeast Angola (Fig. 1).  The Reserve is bordered on the east by the perennial Kwando River which forms the international boundary between Angola and Zambia.  The seasonal Luiana River bisects the Reserve flowing from the northwest corner of the Reserve to join the Kwando River near the boundary of Sioma Ngwezi NP in southwest Zambia.  There are various human settlements within the Reserve along the Kwando River extending north of the Luiana River and in the northwest corner where the Luiana River enters the Reserve.  Jamba Camp is the only human community in the southern portion of the Reserve away from the Kwando River and also serves as the military operations base for the region.  
2.3
Sioma Ngwezi National Park

This national park is situated in the southwest corner of Zambia, and shares a long border with Angola, along the Kwando River, and a short border with Namibia to the south. The Park is less than 50km from northern Botswana, covering an area of 4,322km2.  The large Western Zambezi Game Management Area (GMA) surrounds the Park, but the Park is unfenced.  Animals may move between the Park through the GMA to the Zambezi River. 
3. 
METHODS

Aerial surveys were conducted on 11 days (Sept 28 - October 3 and November 1-5, 2005).  The break between survey days was due to technical problems with our radar altimeter.  The survey corresponded with the peak dry season when we expected increased visibility of herds and elephants to be congregated near permanent water. 

Aerial surveys were conducted along flight transects using a Cessna 182.  All transects were flown at 100 knots and altitude was maintained using a radar altimeter.  Prior to flying, all transects were incorporated into a digital map of the study area with their beginning and end point coordinates.  Except for the West Caprivi GR and the MIKE2 area, all flight transects were systematically flown along generally east/west axes (Fig. 2).  This east-west orientation corresponded with the perpendicular gradient to major watercourses.  For logistical reasons, we flew the other two areas in a north-south orientation, and this orientation corresponded to the sampling strategy of previous surveys.  

Prior to flying, all transects were incorporated into a digital map of the survey area with their beginning and end point coordinates.  This digital map was created using ArcView 3.2 (ESRI) software and showed observable landmarks and boundaries.  All transects were mapped as routes prior to flying and shown on the digital map with their beginning and end point coordinates.  We used GPS receivers (Garmin 12 xl, Garmin 176c) and DNR Garmin software (Minnesota Department of Natural Resources, MIS Bureau, GIS Section) to accurately navigate along transects. 

We used the standard methodology for strip transect sampling developed by Norton-Griffiths (1978).  We attached two wands to the wing struts of the plane to delineate a 250m interval for recording elephant observations at an altitude of 90m.  Additionally, a mark was put on the plane window to help observers keep their eyes at a consistent height to maintain the same sighting angle for each observation. This helped us to keep consistent interval widths for each observation.  

Each interval width on each side of the plane was calibrated and confirmed prior to initiating the first survey by placing markers at measured distances on the ground and conducting flyover tests.  Repeated flying, across these markers allowed observers to record the distances that coincided with the two wands, and photos were taken to verify the interval distances. Where necessary the wands were adjusted to provide a 250m-wide strip at 90m altitude. The aluminum wands were semi-permanently attached to the struts for the duration of each survey.
The survey area was divided into seven survey blocks, representing 15 strata (Fig. 2).  These blocks and strata were delineated according to protected status, expected distribution and abundance of elephants from prior surveys, and consistency with methods used on previous surveys in the region (Rodwell et al. 1995, Chase and Griffin 2003, and MET 2004).  We used three levels of sampling intensity.  In areas designated for high intensity sampling, we spaced transects 1.25km apart, providing a ~40% sampling coverage.  Transects were spaced 3km apart in areas that we designated for moderate sampling intensity, providing a sampling coverage of ~18%.  We used a transect spacing of 5km for low intensity sampling areas, providing ~10% sampling coverage (Fig.3). 

Transects were typically flown during morning hours (~0730 - ~1130 hrs); however, four strata were flown between 1600–1730 hrs due logistical constraints.  Transect lengths were typically no longer than 30km that could usually be covered in 10 min of flying, thereby reducing observer fatigue.    

Using standard methodology for strip transect sampling developed by Norton-Griffiths (1978), only elephants that were observed within the interval were counted and recorded.  Any animals outside of the area delineated by these wands were not counted.  For each elephant seen within the transect interval, the observer called out the numbers of elephants, herd type (bull or breeding herd).  With each herd observation, the data recorder entered a waypoint on the GPS.  The front seat recorder also kept a written data log for each observation including: the waypoint number and time, altitude from the radar altimeter, and number of elephants observed.  He also recorded the start and end times for each transect.  A cassette recorder was used as a backup to observations.  The cassette recorder was connected to the speaker-headphone system used by the two observers and data recorder. The same two observers (T. Nkala (R) and K. Landen (L)) were used through out the survey, one on each side of the plane.  Both of the observers had extensive previous aerial survey experience (>350 hrs) prior to this project.  There was also a third person (M. Chase) in the plane that logged all elephant observations made by the observers and assisted the pilot with navigation along the pre-determined transect lines.  

To verify herd size and the sighting of herds within the interval defined by the wands, two Canon EOS 10D digital cameras were used.  The components of the camera system consisted of the two cameras with 20 mm wide-angle lenses, camera backs with time code generators, and two window camera mounts.  A camera was mounted on each side of the plane and the center of the lenses corresponded with the marks on the plane window that were used to help observers keep their eyes at a consistent height for each observation.  The cameras provided high-resolution photos so that animals could be more accurately counted during subsequent analyses.  Typically, observers took a picture with each elephant observation.  A GPS time code and date were recorded to the minute for every frame exposed. 

Table 1.  Aerial survey transects flown in the Lower Kwando River Basin by block/strata, October – November 2005.

	Block Name

(Strata)
	Block/Strata

Area (km2)
	Total Transect Length (km)
	Transect Spacing (km)

	West Caprivi
	
	
	

	   Mahango NP
	244
	203
	1.25

	   Buffalo NP
	554
	444
	1.25

	   West Caprivi Game Reserve
	4524
	899
	5.00

	   Susuwe (Babwata NP)
	992
	802
	1.25

	East Caprivi
	
	
	

	   Kwandu, Mayuni, Mashi

      Conservancies
	747
	574
	1.25

	   Mudumo NP
	706
	557
	1.25

	   Balyerwa, Wuparo,

      Malengalenga Conservancies
	430
	308
	

	   Mamili NP
	400
	205
	1.25

	   Mike 2*
	2283
	1644
	1.25

	Caprivi Total
	8597
	3992
	

	    Luiana PR^
	1802
	649
	3.00

	    Sioma Ngwezi NP
	4377
	1482
	3.00

	TOTAL
	14,776
	6,123
	


* Includes Mudumo NP and Mamili NP and the adjoining community conservancies 

^ Only includes the areas for Strata 4 and 5, not the entire Park 

3.1
Data Analyses

Photo-Interpretation. -  The digital photos of each herd photographed were interpreted and compared to the observers’ counts. This method verified and/or corrected observers’ herd counts and whether elephants occurred within the strip interval.  This method was especially helpful in counting large herds that are difficult to accurately count. 

Strip Transect Sampling. - Following the guidelines developed by Norton-Griffiths (1978), we calculated abundance and variance estimates for strip transect counts utilizing observations obtained for a 250m wide interval.  We adjusted for altitude following Norton-Griffiths (1978) and used the traditional Jolly’s Method II for unequal sized sampling units (Jolly 1969).  If the lower limit of the confidence interval was less than the actual number of elephants counted within the strip, the later was used as the lower limit of the 95% range.  We calculated population estimates for each block and summed these estimates to obtain an estimate for our entire survey area.
Statistical Analyses. -   Two sample t-tests were used to compare mean bull and breeding herd sizes per observer and to compare estimates derived from this survey and the MET survey.  We used X2 Goodness of Fit tests to compare numbers of total herds, bull herds, and breeding herds seen per observer.  SYSTAT® 10.2 and Excel® were used for all statistical analyses.

4.
RESULTS

4.1
Elephant Distribution

For the entire 14,766 km2 survey area, 208 transects were flown, totaling 6,123 km (Table 1).  A total of 346 elephant herds were observed.  Overall, the largest numbers of elephant herds occurred in the Caprivi along the Kwando, Linyanti and Kavango Rivers (Fig. 4).  Herds were most abundant within protected areas and within the conservancies between Mamili and Mudumo NPs.  Elephant herds were also distributed along the Kwando and Luiana rivers in Luiana PR.  In contrast, few herds occurred along the Kwando River in Sioma Ngwezi NP; however, several herds occurred in the northwest section of the park.  Only three herds occurred within the large West Caprivi GR, and only a few herds occurred above the northern border of Mudumo NP in the adjacent conservancy.  The vast majority of the herds occurred within 30km of perennial rivers.  The small numbers of herds that occurred away from rivers were associated with artificial water sources.  

4.2
Herd Observations & Abundance

Of the 346 herds observed, 159 bull herds and 187 family groups were recorded (Table 2).  Bull herd size averaged 3.1 elephants/herd (range 1-21), while family group size averaged 13.8 (range 2-120).  There were no differences between the two observers in total numbers of herds (X2 = 0.085, df = 1, P = 0.770), numbers of bull herds (X2 =0.032, df = 1, P = 0.582) or numbers of family groups (X2 = 0.1647, df = 1, P = 0.6848) observed.  Based upon the photo-corrected herd sizes, there were no differences between the two observers in average bull herd (t = 0.1712, df = 157, P = 0.8642) and average family group sizes (t = 0.8534, df = 184, P = 0.3945)(Table 2).  

Table 2.  Herd number, type and mean herd size by observer on strip transects 

	Observer
	No. herds observed
	No. bull herds
	No. of breeding herds
	X bull herd size (SD)
	X family group size (SD)

	L
	189
	86
	103
	3.1 (3.4)
	14.6 (14.5)

	R
	157
	73
	84
	3 (2.7)
	13 (12.6)

	Total
	346
	159
	187
	3.1 (3.1)
	13.8 (13.7)


Combining the herd observations for both observers and accounting for the average flight altitude of 90.6m, strip transect sampling provided an estimate of 6,474 elephants for the 8,587km2 survey area in the Caprivi Strip (4,035(  N (  8,912= 0.95) using Jolly’s Method II for unequal sized sampling units (Jolly 1969) (Table 3).  Areas in the East Caprivi along the Kwando River had the highest numbers of elephants on the survey (MIKE2).  These areas included the Mudumo and Mamili NPs and the conservancies between the two parks (Table 3).  However, few elephants occurred within the conservancies north of Mudumo NP.  Susuwe (Babwata NP) along the west side of the Kwando River also had high numbers of elephants.  There were very few elephants observed within the large West Caprivi GR.  In the West Caprivi along the Kavango River, large numbers of elephants occurred within Buffalo NP on the east side of the river, but relatively few elephants occurred in Mahango NP on the west side of the river (Table 3).  Almost 90% of all elephants observed on the survey occurred within our Caprivi survey area.

Elephant numbers in Angola and Zambia were much lower than in the Caprivi.  The estimate derived for Luiana PR included observations only from strata 4 and 5 (area = 1,802km2) because no elephants were observed in the other strata within the Reserve.   Using the herd observations from these two strata, we estimated 1,583 elephants for the eastern portion of the Reserve (Table 3).  In contrast, we estimated only 385 elephants in Sioma Ngwezi NP.  Within the Park, most of the herds occurred along the northwest boundary and only two herds occurred in proximity to the Kwando River (Fig. 4).      

Table 3.  Estimates of elephant numbers in the Caprivi Strip, Luiana PR, and Sioma Ngwezi NP by block and strata, October/November 2005. 

	
	Number Seen
	Lower
	Estimate
	Upper
	Pop variance
	SE
	95% CI
	CI as % of population estimate

	Block/Stratum
	Size (km2)
	Family
	Bull
	Total
	
	
	
	
	
	
	

	West Caprivi
	

	Mahango NP
	244
	15
	15
	30
	30
	64
	111
	448.63
	21
	47
	73.4

	Buffalo NP
	554
	398
	56
	454
	454
	1116
	1831
	115861
	340
	715
	64

	West Caprivi GR
	4524
	21
	9
	30
	30
	292
	694
	39409
	198
	402
	137

	Susuwe (Babwata NP)
	992
	612
	194
	806
	1359
	1984
	2608
	92939
	304
	625
	32.5

	East Caprivi
	

	Kwandu, Mayuni, Mashi

   Conservancies
	747
	198
	-
	198
	-306
	514
	1335
	159548
	399
	821
	77

	Mudumo NP
	706
	393
	67
	460
	564
	1254
	1943
	111065
	333
	689
	54

	Malengalenga, Balyerwa, Wuparo, Conservancies
	430
	236
	22
	258
	322
	718
	1114
	35860
	189
	396
	55

	Mamili NP
	400
	468
	24
	492
	462
	532
	612
	1214
	34
	80
	15

	Mike 2*
	2283
	1295
	113
	1408
	2522
	3018
	4495
	167065
	409
	1477
	49

	Caprivi Total
	8587
	2437
	387
	2728
	4035
	6474
	8912
	1046709
	1235
	2445
	37

	Luiana PR^
	1802
	197
	89
	286
	725
	1583
	2442
	166996
	408
	859
	52.2

	Sioma Ngwezi NP
	4377
	50
	17
	67
	67
	385
	774
	35874
	189
	389
	100.1


* Includes the 6 community conservancies, Mudumo NP, and Mamili NP; ^ Includes only strata 4 and 5, not the entire Park 


5.
DISCUSSION

5.1 Elephant Distribution

The distribution of elephants was highly affected by the availability of water and human settlements.  Most herds occurred within 30km of perennial rivers and within protected areas (Fig. 4).  Although several herds occurred within an unprotected area between Mamili and Mudumo NPs, this area encompasses three community conservancies and most of the settlements are restricted along the single main road.  The 7 herds in the northwest corner of Sioma Ngwezi NP were greater than 40km from the Kwando River.  We suspect that these elephants were using artificial water holes associated with nearby communities.  The avoidance of human settlements by elephants was especially apparent along the eastern Kwando River north of Mudumo NP in the Caprivi extending north into Sioma Ngwezi NP (Fig. 5).  Human settlements were numerous along the east side of the river; yet, elephants were concentrated on the west side of the river in Susuwe (Fig. 4).  Similarly, there were numerous settlements along the Kwando River within Sioma Ngwezi NP and only two herds were observed along this western side of the Park.  In contrast, there were numerous elephant herds on the opposite side of the river in Luiana PR.  This avoidance of human settlements by elephants was also evident along the Kavango River.  The extensive human settlements along the west side of the river north of Mahango NP probably restricted elephants to the two protected areas along the river (Fig. 4).   

The distribution of elephants on our survey was very similar to that reported for the MET survey in September 2004.  However, there was a noticeable absence of elephants between Mamili and Mudumo NPs within the community conservancies on the MET survey in contrast to our surveys.  Comparing the distribution of elephants between our dry season survey in November 2005 and our wet season survey in April 2003 (Chase and Griffin 2004), elephants were more widely distributed throughout the West Caprivi GR during the wet season survey (Fig. 6).  Correspondingly, there were fewer herds along the Kwando and Kavango rivers than in our dry season survey.  Yet, most herds still occurred within the protected areas.  The availability of water in seasonal pans undoubtedly contributed to the wide elephant distribution throughout the West Caprivi during the wet season.   The dry season distribution of elephants in the Caprivi reported by Rodwell et al. (1995) was similar to that of our dry season survey and the MET survey; however, Rodwell et al. (1995) did not include the community areas to the north and south of Mudumo NP on their survey.
The Caprivi Veterinary Cordon Fence along the Botswana/Namibia border was erected in 1997 to curtail the spread of bovine tuberculosis.  This double, electrified fence extends for 135km from the Kavango River, stopping 30km west of the Kwando River where it joins the Northern Buffalo Fence that extends southward (Fig 1.).  Albertson (1998:11) reported that the Caprivi Fence had ‘terminated’ all wildlife movements, including elephants, across the Botswana/Namibia border.  Telemetry studies in Botswana by Chase and Griffin (2004) along the Kwando River and Jackson et al. (2005) along the Okavango River indicate that the fence is an effective barrier to transboundary elephant movements.  However, we observed elephants in the vicinity of the fence along the Kavango River in Buffalo NP adjacent to damaged sections of the fence.  Additionally, we observed elephant paths crossing the border over the downed fence and numerous well-trodden paths running parallel to this fence.  

Prior to construction of the fence, Rodwell et al. (1995) reported regular movements of elephants from the Caprivi south towards the Okavango Delta in Botswana.  More recently, Chase and Griffin (2005) documented extensive movements of satellite-collared elephants through the 30km-wide fence-free area west of the Kwando River.  This fence-free area provides an effective corridor for moving elephants and other wildlife between Botswana, Namibia, Angola and Zambia. 

5.2 Elephant Numbers

5.2.1
Caprivi Strip

It is difficult to make direct comparisons between our survey estimates of elephants in the Caprivi and those reported by MET (2005) and Rodwell et al. (1995) because 1) the survey areas were not always identical, 2) survey methodologies differed, and 3) there were seasonal differences in the survey periods.  Our November 2005 survey transects duplicated those flown for the MET survey in September 2004, except we did not include areas in the far eastern sections of the Caprivi along the Chobe River.  Accounting for these different survey areas, our estimate of elephant numbers (6,474) was nearly 1,200 elephants lower than that reported for the MET survey (7,671) for the same survey area (Table 3).  However, MET derived their estimate using herd numbers recorded both from within and outside of their 200m-wide interval widths (H. Kolberg, pers. comm.), whereas we only recorded herds observed within our 250m-wide intervals.  Of the 2,595 elephants MET counted on their flight transects for the areas we surveyed in November 2005, 142 (5.4%) occurred outside of their interval widths.  Including elephants sighted beyond the interval width is problematic for calculating estimates because there is no basis to determine the strip area actually surveyed, a critical value for calculating density estimates used in the strip transect estimator developed by Norton-Griffiths (1978).  Further, the seasonal chronology of the two surveys differed which may affect the numbers of elephants observed.  Although both surveys were dry season surveys, our November 2005 survey occurred at the very end of the dry season, 7 weeks later than the MET survey in September of the previous year.  Considering these differences, we cannot rigorously compare the two estimates from these surveys.

For a smaller survey area (6,204km2) of the Caprivi, Rodwell et al. (1995) reported a total of 5,556 elephants in his August 1994 dry season survey (Table 3).  They considered this a complete count.  Our November 2005 survey estimate for the same area was 5,242 (excludes the community conservancies) (Table 3).  The methodologies were similar on the two surveys; however, Rodwell et al. (1995) used two 250m-wide strip intervals on each side of the plane while we used one 250m-wide interval on each side.  Further, the transects were spaced 1km apart in the Rodwell et al. (1995) survey, providing 100% coverage except for much of the West Caprivi GR (stratum 2A) where their sampling intensity was less.  Our survey coverage for the Caprivi ranged from 18 to 40%.  Additionally, our survey was conducted at the end of the dry season in contrast to Rodwell et al. (1995) early dry season survey.  Despite these differences in surveys, these data suggest that elephant numbers have not increased in the Caprivi in the nine-year period since 1994.  This result is unexpected considering the high potential for recruitment within the Caprivi elephant population and for dispersal of elephants into the Caprivi from Botswana.  However, it is unknown whether the Caprivi elephant population remained constant over this nine-year period because no aerial surveys were conducted.  Despite the similar population estimates, the distribution of elephants between the two surveys changed greatly.  Rodwell et al. (1995) recorded substantially more elephants in Susuwe and Buffalo NP than we recorded.  In contrast, we recorded many more elephants in Mudumo NP than reported by Rodwell et al. (1995) (Table 4).  The similarity in elephant abundance and the differences in distribution may be related to a variety of factors.  The Caprivi Fence, constructed in 1997, poses a significant barrier to elephant movements between Namibia and Botswana, and may have blocked elephants returning to the Caprivi from their wet season ranges in Botswana.  Further, with the cessation of civil conflict in Angola in 2002, some elephants may have dispersed north from the Caprivi into Luiana PR, especially along the Kwando River.

Table 4. Estimates of elephant numbers in the Caprivi Strip by block and strata, 1980-2005

	Block Name

(Strata)
	1980
	1981
	1982
	1983
	1984
	1985
	1986
	1987
	1988
	1989
	1990
	1993
	Dry
	Wet


	Dry


	Dry



	
	
	
	
	
	
	
	
	
	
	
	
	
	Rodwell

1994
	Chase 

2003
	MET

2004
	Chase

2005

	West Caprivi
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   Mahango NP
	
	
	
	
	
	
	
	
	
	
	
	
	-
	
	340
	64

	   Buffalo NP
	
	
	
	
	
	
	
	868
	
	
	1085
	1209
	1533
	1438
	1927
	1116

	   West Caprivi GR
	
	
	
	
	
	
	
	
	
	
	
	
	0
	944
	38
	292

	   Susuwe (Babwata NP)
	
	410
	
	
	
	
	
	
	884
	728
	
	2825
	2946
	1754
	2563
	1984

	East Caprivi
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   Kwandu, Mayuni, 

    Mashi  Conservancies
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	514

	   Mudumo NP
	0
	
	193
	539
	149
	310
	158
	
	143
	387
	534
	405
	433
	623
	
	1254

	   Balyerwa, Wuparo, 

    Malengalenga

     Conservancies
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	718

	   Mamili NP
	32
	
	135
	100
	57
	72
	136
	
	169
	179
	491
	187
	625
	524
	
	532

	   MIKE 2*
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2803
	3018

	   Forestry Area
	1509
	
	1936
	1550
	1768
	1353
	567
	
	1075
	335
	
	
	0
	35
	0
	


* Includes the 6 community conservancies, Mudumo NP, and Mamili NP

Surveys have been conducted in the Caprivi since 1980 (Rodwell et al. 1995).  Although it is difficult to make direct comparisons between these surveys, several trends are apparent (Table 4).  Elephant numbers declined dramatically in the Forestry Reserve in the East Caprivi since the early/mid 1980s when upwards of 2,000 elephants were estimated.  In contrast, no elephants were observed in the reserve on dry season surveys in 1994 or 2004 (Rodwell et al. 1995, MET 2005, respectively).  We estimated only 35 elephants on our wet season survey in the reserve in 2003 (Chase and Griffin 2003).  In contrast, elephant numbers have increased substantially in Mamili NP, Mudumo NP and Susuwe since the early 1980s.  These increases may be related to diminished military activities in the Caprivi following Namibian independence in 1990 when the South African Defense Force withdrew from its military camps in the Caprivi (Rodwell et al. 1995).  These increases are also most likely due to immigration from Botswana along the Kwando and Linyanti rivers where there are no fences. 

Telemetry studies by Chase and Griffin (2005) documented numerous cross border movements of 4 satellite-collared elephants between Botswana, Namibia and Angola. One adult elephant female tagged south of the Savuti Marsh in Chobe NP in April 2003 moved 105km northwest along the Savuti Channel towards the Linyanti River, where she spent the dry season often moving across the river into Mamili NP. Three elephants collared 30km west of the Kwando River in Botswana in 2004 had repeated movements into the Caprivi and Angola. During the wet season these elephants made long distance movements (>150km) away from the Kwando River making use of seasonal pans in the West Caprivi and southeastern Angola.  Thus, there is considerable movement of elephants between these three countries.  Further, telemetry studies by Jackson et al. (2005) in the Okavango Panhandle region indicate that the North-South Buffalo Fence blocks elephant movements from the Okavango River east to the Kwando River. 

5.2.2
Luiana Partial Reserve - Angola

Although Hall-Martin and Pienaar (1989) estimated 4,894 elephants in Luiana PR and adjacent areas in 1989, this estimate was based upon a brief flight along the Kwando and Luiana rivers from which they extrapolated an estimate for the entire region.  By 1991, Huntley (1992) believed that elephants were on the “threshold of extinction” throughout all of Angola; thus, due to the intensity of the civil war in southeast Angola, we presume that there were no elephants in Luiana PR throughout much of the 1990s.  By January 2004 (15 months after the civil war ended), we estimated 263 (51 < N < 476) elephants in the reserve, representing the first systematic aerial survey for the reserve.  Although the entire reserve was surveyed, we derived this estimate from observations in strata 1-4 along the Namibian border, the only strata where elephants occurred (Fig. 7).  By our next survey in May 2005, we estimated 1,303 (103 < N < 2,504 ) elephants for the reserve, nearly a five-fold increase.  This estimate was based upon the same strata used in our January 2004 survey.  On our next survey in November 2005, the dry season estimate for the reserve was 1,583 (725 < N < 2,442 ) elephants.  This estimate was derived from herd observations in strata 4 and 5 along the eastern border of the reserve, the only strata containing elephant herds in the reserve.  This increase elephant numbers in the reserve is undoubtedly due to the end of the civil war and the subsequent movements of elephants from Botswana and the Caprivi as documented by the telemetry studies of Chase and Griffin (2004). 

5.2.3 
Sioma Ngwezi National Park - Zambia

Tembo (1991) reported 1,187 elephants on aerial surveys conducted for Sioma Ngwezi NP in December 1991.  Simasiku et al. (1996) reported that elephant numbers declined greatly after this time due to illegal hunting and activities relating to the Angolan civil war.   This decline in elephant numbers after the 1991 survey was reinforced by the few number of elephants reported by L. Patterson (pers. comm.) on his aerial survey in 1990.  By January 2004, we estimated 1,212 elephants in the park (292 ( N ( 2,132), similar to Tembo’s 1991 wet season estimate.  Numbers declined in the park to 899 (144 ( N ( 1654) by August 2004.  There were very few seasonal pans with water during this dry season survey.  By the end of the following dry season, we estimated 385 elephants (67 ( N ( 774) on our survey in October 2005.  We are uncertain whether this decrease in elephant numbers is related to seasonal availability of water, extensive fires and the dates of our aerial surveys or a long-term decline associated with increasing human settlements in the park, especially along the Kwando River (Chase and Griffin 2004). In October 2005, nearly the entire park was burnt and this disturbance activity may have an effect on the distribution of elephants.  

6.
CONCLUSION

Despite the dispersal of elephants into the Caprivi from Botswana, elephant numbers in our November 2005 Caprivi survey are similar to those reported in 1994 by Rodwell et al. (1995).  The reasons for this apparent absence of population growth are unknown, but may be related to the restriction of elephant movements posed by the veterinary cordon fences and the dispersal of elephants into Angola.  Further, elephant distribution was greatly affected by human settlements and availability of water; however, substantial numbers of elephants occurred in the community conservancies adjacent to Mamili and Mudumo NPs.  The Kwando River provides critical habitats for elephants and facilitates dispersal throughout the southern portions of the river basin.  

Elephant populations are increasing rapidly in Luiana PR from 263 in January 2004 to 1,583 in November 2005.  Telemetry studies indicate that elephants are dispersing into Angola from the Caprivi and Botswana, especially along the Kwando River.  There is concern about the effects of increasing human settlements in the reserve along the Kwando and Luiana rivers.  These settlements may affect the distribution of elephants and their access to water sources.  It may also increase the incidence of human-elephant conflicts.  Thus, these human settlements jeopardize the future status of Luiana as a protected area and the critical role that the reserve plays in the restoration of wildlife in southern Angola.

The status of elephant populations is uncertain in Sioma Ngwezi NP, Zambia.  Although our first surveys of the park in January 2004 were comparable to those reported in 1991, population numbers were lower on our subsequent surveys (385 on our October 2005 survey).  We are uncertain whether these low numbers are related to the lack of seasonal pans during our dry season surveys or an overall decline in the population, possibly due to fires and human settlements.

7. 
FUTURE NEEDS 

 There is a critical need to expand our aerial surveys into southern and central Angola, especially in the hunting concessions along the Cubango and Cuito rivers, and in protected areas, including Mupa NP, Bicuan NP, Mavinga PR and Camiea NP.  In November 2005, we observed 4 elephant herds (n=17) along the Cuito River, 120km north of the Namibian border.  Safari operators along the Cubango River also report sightings of elephant herds.  The protected areas are believed to contain remnant elephant populations (Migelito, pers. comm.).  There is also the need to conduct another wet season survey for Sioma Ngwezi NP in Zambia.  This will help to clarify the seasonal abundance of elephants in the park and whether that population is declining.

Telemetry studies are needed along the Kavango and Cuito rivers along the Namibian/Angola border to determine the seasonal movements of elephants in this region.  Our telemetry studies along the Kwando River indicate that elephants move north into Angola and west towards the Kavango River (Fig. 8); however, none of our tagged elephants have dispersed as far as the Kavango River.  Additional information is needed to understand the extent that the Kavango River plays as a dispersal corridor for elephants into southern Angola.  Similarly, there is a need to conduct telemetry studies in the East Caprivi on the eastern side of the Kwando River.  This research would provide us information on the role that Mudumo NP, community conservancies and the Forestry Reserve in the East Caprivi play in facilitating elephant movements into southern Zambia.  

These survey and telemetry data are critical for developing more effective land use planning in the region and for identifying habitats that facilitate transboundary wildlife movements.  Such information will contribute to enhancing sustainable land use and tourism development in the region, including the many community conservancies in the Caprivi.  Finally, this project will provide resource management authorities current information on elephant population abundance and distribution, essential in developing their elephant management programs.  It will also provide training to strengthen in-country elephant conservation efforts, and promote development of transfrontier conservation areas and a regional elephant management plan.
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