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Introduction

Calcium is the major mineral in the bird responsible for skeletal development, nerve function, muscle contraction, hormone secretion and egg shell production. Calcium metabolism is tightly regulated in birds as in mammals predominately by the hormones vitamin D3 and parathyroid hormone (PTH) but the system is far more responsive. Birds can respond to low blood calcium levels in minutes compared with the mammalian response which may take up to 24 hours. In the laying hen the bird is able to use up to 10% of the total body calcium content in 24 hours to produce hard shelled eggs. Calcium is found in three forms in the bird reported by most pathology laboratories as total calcium. This consists of free ionised calcium, protein bound calcium (mainly to albumin) and complexed calcium (bound to anions). Ionised calcium is the bio available form of the mineral and it is important to assay ionised calcium rather than total calcium wherever possible to more accurately investigate disorders of calcium metabolism. The author’s laboratory recorded that 13.7% of grey parrot blood samples submitted had low ionised calcium concentrations despite normal total calcium levels. Variations in protein levels have a profound effect on total calcium levels potentially leading to misinterpretation of results. Both vitamin D and parathyroid hormone are considered hypercalcaemic in action responding to low blood ionised calcium levels. Parathyroid hormone is produced in small amounts from the parathyroid glands and acts mainly on the skeleton to increase bone resorption. The structure of parathyroid hormone in birds differs dramatically from mammals so traditional laboratory assays are unreliable. The use of a PTH 1-34 assay appears to give the most reliable results although sample handling is still a problem as the hormone is very labile. Vitamin D is obtained from a combination of dietary supply and endogenous synthesis. Natural synthesis occurs on the featherless areas of the skin and involves an ultraviolet light (285-315nm) dependent reaction to form cholecalciferol. Poultry do not have a requirement for vitamin D in their diet if they receive adequate ultraviolet light.  Following absorption cholecalciferol is converted to the active metabolite 1, 25 dihydroxycholecalciferol via a 2 stage hydroxylation process in the liver and kidney. Vitamin D acts mainly by increasing the intestinal absorption and decreasing the renal excretion of calcium to increase blood ionised calcium concentrations. The measurement of 25 hydroxycholecalciferol is considered the most accurate assessment of the vitamin D status of an individual as other metabolites have a very short half life.
 Disorders of calcium metabolism are common in caged psittacine birds fed seed based diets low in both calcium and vitamin D3. They are usually kept inside so would be expected to have an ultraviolet light deficiency too. The clinical signs include hypocalcaemic seizures in adults and osteodystrophy in juvenile birds. Grey parrots are known to suffer from clinical hypocalcaemia more frequently than other psittacine species. Calcium metabolism has been extensively researched in the poultry industry revealing the complex relationship between dietary vitamin D3, dietary calcium and ultraviolet light in the 285-315nm spectrum. Calcium and vitamin D3 metabolism is poorly researched in psittacine birds despite evidence that clinical signs of hypocalcaemia is common. In one study 34% of juvenile grey parrots had radiographic evidence of osteodystrophy. This study looks at the effects of diet and ultraviolet light on calcium metabolism in a group of healthy grey parrots. 
Method
Twenty pairs of grey parrots were kept in a single span building. All the birds had been examined endoscopically to confirm both sex and maturity. The health of group was confirmed by blood and faecal analysis including PCR tests for circovirus, chlamydophila and polyoma virus. Additional blood was analysed for ionised calcium and 25 hydroxycholecalciferol concentrations. The birds were allotted to two feed groups randomly One group was fed a seed based diet (Tidymix) without further supplementation. The other group was fed Harrisons High Potency formulated diet without further supplementation. After 12 months further blood samples were taken for 25 hydroxycholecalciferol and ionised calcium to investigate the effect of change of diet on these parameters. Both dietary groups were then exposed to artificial ultraviolet light in the 285-315nm spectrum (Phillips TLD/96s tubes) for 12 hours daily. After a further 12 months blood samples were taken for ionised calcium and 25 hydroxycholecalciferol to investigate the effects of artificial ultraviolet light on calcium metabolism in grey parrots. Throughout the study the ultraviolet light was monitored in the 285-315nm spectrum using an Elsec UVb meter.
Results

The results are shown in figures 1 -4. One female bird died in the seed fed group over the 2 year project and has been left out of the results. Statistical comparisons between diet groups over time were made using ANOVA.
Discussion
The study indicates that providing a diet with an increased calcium and vitamin D3 content will significantly increase ionised calcium and vitamin D3 concentrations in the blood despite being kept in low UV conditions (P<0.05). An improved diet would therefore be expected to prevent the many expressions of calcium deficiency seen in the grey parrot when kept indoors. The provision of artificial ultraviolet light also had a statistically significant effect on the ionised calcium and vitamin D3 concentration in the blood in both dietary groups (P<0.05). There was no statistically significant difference between the dietary groups for either the ionised calcium or vitamin D3 concentrations under artificial ultraviolet light. This would suggest that clinical signs of calcium deficiency could be avoided in birds fed a diet with poor calcium and vitamin D content by providing sufficient ultraviolet light in the 285-315nm spectrum. The results of the study suggest that captive psittacine birds are best provided with both adequate ultraviolet light and a diet containing sufficient vitamin D3 to prevent the clinical signs of hypocalcaemia. This is equivalent to findings in poultry. The owners of the birds saw a general improvement in breeding results in the HBD fed group. The birds had significantly better breeding results than the seed fed group including heavier egg weights and stronger progeny. All progeny from the study group were parent reared. The progeny from seed fed birds were more likely to have radiographic evidence of osteodystrophy at 8 weeks old than the HBD fed group. The progeny from the HBD fed group had faster growth rates. 
Figure 1 Effect of Diet on Vitamin D3 Blood Concentrations (nmol/l)

	
	Mean 
	Standard Deviation

	Vitamin D3 Year 1 (All Seed fed) n=39
	53.29
	86.85

	Vitamin D3 Year 2 (Seed Group) n=19
	102.32
	127.54

	Vitamin D3 Year 2 (HBD Group) n=20
	130.78
	127.52


Figure 2 Effect of Diet on Ionised Calcium Blood Concentrations (mmol/l)

	
	Mean
	Standard Deviation

	Ionised Calcium Year 1 (All Seed fed) n=39
	1.082
	0.05

	Ionised Calcium Year 2 (Seed group) n=19
	1.14
	0.06

	Ionised Calcium Year 2 (HBD Group) n=20
	1.19
	0.06


Figure 3 Effect of Ultraviolet Light on Calcium Parameters in Seed Fed Group

	Seed Fed Group
	Mean
	Standard Deviation

	Vitamin D3 Year 2 (No UV) n=19
	106.38
	129.70

	Vitamin D3 Year 3 (Artificial UV) n=19
	177.61
	110.00

	Ionised Calcium Year 2 (No UV) n=19
	1.14
	0.06

	Ionised Calcium Year 3 (Artificial UV) n=19
	1.24
	0.06


Figure 4 Effect of Ultraviolet Light on Calcium Parameters in HBD Fed Group

	HBD Fed Group
	Mean
	Standard Deviation

	Vitamin D3 Year 2 (No UV) n=20
	130.74
	127.50

	Vitamin D3 Year 3 (Artificial UV) n=20
	168.44
	109.52

	Ionised Calcium Year 2 (No UV) n=20
	1.19
	0.07

	Ionised Calcium Year 3 (Artificial UV) n=20
	1.24
	0.01


